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Summary 

     Coronavirus disease 2019 (Covid-19) is a respiratory disease with 

heterogeneous manifestations ranging from asymptomatic illness in some, to 

systemic inflammation, multiorgan failure, and a rapid death in others. 

    The first stage of disease manifests as an upper respiratory infection followed 

by pneumonia when the virus invades the respiratory epithelium via binding to 

reseptors. And a second, more severe, phase may be manifested as multiorgan 

damage, including respiratory, cardiac, hepatic, and renal injury. At this stage, 

the receptors on the endothelium can also be involved, causing direct damage to 

blood vessels and inducing a coagulopathy. 

   Systemic inflammation and coagulopathy are characteristic hallmarks of this 

phase. “Covid-19 coagulopathy” manifests mainly as a prothrombotic state 

affecting both large and small blood vessels, and presenting as arterial, venous, 

and microangiopathic thrombotic events. The causes of coagulopathy associated 

with coronavirus disease 2019 (Covid-19) are poorly understood.  

    Therefore, the aimed of this study to investigate levels of  von Willebrand 

factor (VWF), and adisintegrin and  metalloproteinase with a thrombospondin 

type 1 motif, member-13 (ADAMTS-13) biomarkers, intravascular hemolysis, 

coagulation, and organ damage in Covid-19 patients and study their association 

with disease severity and mortality and to a decisive role in identifying patients 

at risk of developing fatal complications of this case, thus helping to save the 

lives of many patients.  

     The case-control study design included collecting the sera of 90 samples 

from patients and healthy people during the period from January 2021 to May 

2021, where the patients were divided into two groups: 

       The first group: patients with the Corona virus, whose samples were 

collected from Al-Amal hospital, Al-Shifaa Center in Najaf city, and from Al-

Hussein Teaching Hospital in Karbala  and it consisted of three groups, the first 

group mild symptoms, the second group were used mechanical ventilation 



(adverse clinical outcome) as sever group symptoms . The results were 

compared with 30 samples apparently healthy people as a control group. 

     The serum level of vWF, ADAMTS-13, and vitamin K were determined by 

ELISA technique, and the level of lipid profiles were determined by enzymatic 

and colorimetric methods. Ferritin, and D- dimer were determined, by ichroma, 

CBC automated by auto Hematology Analyzer. Levels of LDL-C, and VLDL-

C, data of Atherogenic index (AIP), Catelli’s risk index-I (CRI-I), CRI-II, and 

body mass index (BMI) were calculated by especial equations. 

     The results of this study found a high significant increase (p≤0.000) in the 

levels of D-dimer, ferritin, neutrophils, high sensitivity CRP, TG, VLDL-C, and 

data of atherogenic index in Covid-19 patients group when compared with 

healthy group. While, the results showed a significant decrease in the levels of 

HDL-C, TC, and platelet levels when compared with the healthy group. 

     These results illustrated that the patients who died had significantly lower 

ADAMTS-13 activity and vitamin K levels, significantly elevated D-dimer, and 

ferritin. Significantly elevated vWF levels compared with patients discharged 

alive.  

     Linear regression analysis for ADAMTS-13, vWF and Vit. K levels pointed 

out significant correlation with age, BMI, ferritin, D-dimer, CRP, and NLR in 

Covid-19 patients groups. Level of serum vWF revealed significant negative 

correlations with ADAMTS-13, Vit. K, LYMP%, HDL-C , and TC levels. 

However ADAMTS-13 demonstrated significant positive correlations with TG 

,NLR,D-dimer,VLDL-C and levels in patients group. 

     This study concluded that improve prevention strategies, including those for 

the mild and sever case by uses of  vWF, ADAMTS-13 and Vit. K as predicator 

markers for Covid-19 severity and their complications.  

    Thus, in addition to elevated vWF  may warrant further work-up including 

ADAMTS-13 activity and vWF and activity levels since these patients may be 

at increased risk of mortality and might serve as a simple prognostic measure of 

thrombotic risk in Covid-19 and potentially a significant contributor to disease 



pathogenesis and may benefit from more aggressive therapy  .Also, that vitamin 

K deficiency could support cytokine storm by increasing pro-inflammatory 

cytokines which is involved in the building up of the inflammatory response 

recruiting both cellular and humoral components. Vitamin K is well-known to 

play an essential role in the coagulation system. Highlighting a role of vitamin 

K, probably via coagulation modulation. Altogether, potential mechanisms 

linking Covid-19 with coagulopathy in which vitamin K may exert its 

modulating role in coagulation related with disease pathogenesis Besides, it can 

also contribute to those events involved in vascular calcification leading to 

thrombosis and disseminate intravascular coagulation (DIC), which feature the 

microvascular damage observed in Covid-19 patients.  
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1. Introduction 

      The novel coronavirus (Covid-19) that emerged in Wuhan, China in 

December 2019 quickly spread within Hubei province and has now reached all 

provinces in China and was exported to >20 countries by 30 January 2020. 

Covid-19is thought to be primarily transmitted by respiratory droplets with a 

similar incubation time and generation time as severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) (Zhu, Zhang et al. 2020). SARS was 

frightening at the time, maybe even more frightening compared to Covid-19 

given its much more frequent progression to severe disease and death. But the 

world was able to completely interrupt human-to-human transmission, halt the 

epidemic and Covid-19 is now eradicated. In the absence of vaccines and 

antivirals, this remarkable achievement was only possible because of rigorous 

implementation of traditional public health measures (Wilder-Smith and 

Freedman 2020). 

      The range of clinical responses to (SARS-CoV-2) infections is extremely 

broad. Although most patients with coronavirus disease 2019 (Covid-19) 

present with a mild upper respiratory tract infection and then recover, some 

infected patients develop pneumonia, acute respiratory distress syndrome, 

multi-organ failure, and death. Clues to the pathogenesis of severe Covid-19 

may lie in the systemic inflammation and thrombosis observed in infected 

patients. We propose that severe Covid-19 is a microvascular disease in which 

coronavirus infection activates endothelial cells, triggering exocytosis, a rapid 

vascular response that drives microvascular inflammation and thrombosis 

(Klok, Kruip et al. 2020). 

       Both arterial and venous thromboembolisms are common in patients with 

severe Covid-19.The incidence of venous thromboembolic events in patients 

with Covid-19 admitted to intensive care units ranges from 20% to 35%, and 
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deep venous thrombosis has been identified in 70% to 100% of patient who died 

from Covid-19 (Varga, Flammer et al. 2020). Furthermore, arterial thrombosis 

resulting in stroke or myocardial infarction occurs in up to 4% of patients with 

Covid-19 hospitalized in intensive care units. Patients with severe Covid-19 

often have laboratory findings consistent with a hypercoagulable state, 

suggesting widespread thrombosis and fibrinolysis, as well as elevated levels of 

D-dimer, and factor VIII. These patients also manifest a hyperinflammatory 

state, or ―cytokine storm,‖ characterized by elevated levels of inflammatory 

markers such as C-reactive protein and interleukin-6, which have been linked to 

severity of pneumonia and mortality(Lowenstein and Solomon 2020). 

        Endothelial injury is an underlying mechanism that might link 

inflammation and thrombosis in severe Covid-19.Autopsy study has suggested 

that both endothelial inflammation and microvascular thrombosis are 

prominent, with inflammatory cells attached to the endothelium of small vessels 

in lung, kidney, heart, and liver (Escher, Breakey et al. 2020). Moreover, von 

Willebrand factor (vWF), which is released from endothelial cells after vascular 

injury, which is also released from activated endothelial cells(Lowenstein and 

Solomon 2020).  

1.1. History of Coronavirus 

     The World Health Organization (WHO) named the latest virus as SARS-

CoV2 as the cause of 2019 novel coronavirus infectious disease (Covid-19), 

Outbreaks that caused worldwide severe acute respiratory syndrome (SARS) in 



Introduction and Review of Literature                                              Chapter One     

3 
 

2002-2003 and the Middle East Respiratory Syndrome (MERS) (Zhu, Ge et al. 

2020). 

    Four corona viruses namely HCoV-HKU1, βCoV 1 (also called bovine 

coronavirus),human coronavirus HCoV-NL63 (responsible for human common 

cold), human coronavirus 229E (HCoV-229E) , and organ culture 43(OC43) 

have been in circulation in humans(Berry, Gamieldien et al. 2015), and 

generally cause mild respiratory disease. In 2012 demonstrated the possibility of 

animal-to-human and human-to-human transmission of newly emerging 

Coronaviruses(Kumar 2021).  

     Obtaining the full genome of SARS-CoV-2 is a key to understanding its 

evolution and function. On January 10, 2020, the draft genome sequence of 

SARS-CoV-2 was first released on (Fan, Su et al. 2020).  

One day later, 5 additional SARS-CoV-2 sequences, gathered from different 

patients, were deposited in the Global Initiative on Sharing All Influenza Data 

(GSAID) database, which is primarily used for sharing data on influenza 

viruses. Based on these shared data, genetic evolutionary analyses from 

different laboratories have shown that SARS-CoV-2 is 

a Betacoronavirus belonging to the Sarbecovirus subgenus of the Coronaviridae 

family, which is distinct from SARS-CoV (Tang, Comish et al. 

2020).However, like SARS-CoV and MERS-CoV, bats may be the natural 

origin of SARS-CoV-2. SARS-CoV-2 has 86.9% to 96% nucleotide sequence 

similarity to multiple strains of bat SARS-like coronaviruses, which are on the 

same lineage (B) but are located on different branches (Lu, Zhao et al. 2020). It 

has been proposed that wild animals, such as civets and camels, further serve as 
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the intermediate host for SARS-CoV and MERS-CoV, respectively (Cui, Li et 

al. 2019). 

   The intermediate host required for SARS-CoV-2–mediated human disease is 

unknown. One early hypothesis is that snakes may be a bridge between bats and 

humans for SARS-CoV-2 infection (Ji, Wang et al. 2020). Although there is no 

direct evidence that coronaviruses could adapt to cold-blooded hosts thus far, as 

shown in Figure (1-1) (Mallapaty, 2020). 

 

 

 

 

 

 

 

Fig. 1-1: Different human CoVs have different natural and intermediate hosts. BuCoV-

HKU11, bulbul coronavirus HKU11; HCoV, human coronavirus; MERS-CoV, Middle 

East respiratory syndrome coronavirus; SARS-CoV, severe acute respiratory syndrome 

coronavirus(Tang, Comish et al. 2020).  

1.1.1. Structure of the Covid-19  

   The corona viral genome normally encodes four structural proteins including 

spike (S) protein, nucleocapsid (N) protein, membrane (M2) protein, and 

envelope (E) protein. S protein contains the receptor-binding domain 

(RBD) and mediates the attachment of viruses to the surface receptors in host 

cells, as well as subsequent fusion between the viral and host cell membranes, 

 



Introduction and Review of Literature                                              Chapter One     

5 
 

to facilitate viral entry into host cells. Multiple binding and neutralization 

epitopes have been identified in the S proteins of CoVs, which makes S protein 

an essential antigen for vaccine design (Qiu, Mao et al. 2020). 

Structurally, SARS-CoV-2 has four main structural proteins as shown in Figure 

(1-2) (Tang, Comish et al. 2020).It is including encode viral structural proteins 

spike (S) glycoprotein, small envelope (E) glycoprotein, membrane (M) 

glycoprotein, and nucleocapsid (N) protein, and also several accessory proteins. 

The spike or S glycoprotein is a trans membrane found in the outer portion of 

the virus. S protein forms homotrimers protruding in the viral surface and 

facilitates binding of envelope viruses to host cells by attraction with 

angiotensin-converting enzyme 2 (ACE2) expressed in lower respiratory tract 

cells(Astuti 2020).This glycoprotein is cleaved by the host cell fur in-like 

protease into 2 sub units namely S1 and S2. Part S1 is responsible for the 

determination of the host virus range and cellular tropism with the receptor 

binding domain make-up while S2 functions to mediate virus fusion in 

transmitting host cells. Protein (N) is also heavily phosphorylated and suggested 

to lead to structural changes enhancing the affinity for viral RNA (Hong, Jhun 

et al. 2021). 

 

 

 

 

 

 

           

Fig. 1-2: Schematic representation of the taxonomy of Corona viridae                              

(Astuti 2020). 
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1.1.2. Types of Corona Viruses 

    Covid-19 are single-stranded RNA viruses that belong to the 

order Nidovirales, family Coronaviridae, and subfamily Coronavirinae and have 

been classified into four major groups: α-CoVs, β-CoVs, γ-CoVs, and δ-CoVs 

with 17 subtypes.CoVs primarily infect wild animals including mammals and 

birds. The primary target cells of coronaviruses compromise the respiratory and 

gastrointestinal region epithelial cells and cause various diseases such as upper 

and lower respiratory tract infections and respiratory syndromes  (Qiu, Mao et 

al. 2020).  

     Their cell features and delivery through fomites, airborne, or fecal–oral 

routes. The currentCovid-19, which causes an acute respiratory disease case, is 

closely related to SARS-CoV, that is, within the genus β-coronavirus 

(Yoshioka‐Maeda, Iwasaki‐Motegi et al. 2020). Since there is little 

epidemiological and pathogenic information about this virus, a genetic analysis 

of this virus is very similar to SARS-CoV and is sometimes referred to as 

SARS-CoV-2. Among them, severe acute respiratory syndrome (SARS) Covid-

19 and Middle Eastern respiratory syndrome (MERS) Covid-19can cause 

serious respiratory syndrome in humans. For instance, the outbreak of SARS in 

2003 led to a pandemic with 8906 infected cases and 774 deaths reported 

worldwide Meanwhile, the outbreak of MERS confirmed 2229 cases globally, 

including 791 associated deaths (Wang, Rosen et al. 2019). 

    Latest bioinformatic analysis indicated that Covid-19 is phylogenetically 

close to SARS-CoV and bat CoV (BCoV). The genomes of 2019-nCoV and 

SARS-CoV share more than 79% sequence similarity on average, and their S 

proteins share 76.47% identity (Wu, Xu et al. 2020).Yet the antigenicity 

similarity between them remains unknown and is urgently needed for vaccine 

design. Cross-reactive epitopes (CREs) are shared or similar epitope regions on 

the antigen surface among viruses that can be bound or neutralized by the same 
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antibodies. Desirably, if any CREs were identified, previous antibodies for other 

CoVs might be reused to facilitate Covid-19intervention (Chen, Zhou et al. 

2020). 

    Although most of the human coronavirus infections are mild and 

asymptomatic, the pandemics of the two β-coronaviruses, that is, SARS-CoV 

(β-coronavirus, subgenus Sarbecovirus, 2002–2003, case fatality rate 10%) 

(Fouchier, Kuiken et al. 2003) and MERS-CoV (Betacoronavirus, subgenus 

Merbecovirus, 2012, case fatality rate 35%) (Zaki 2012), and have caused vast 

fatal human pneumonia, especially in the immunocompromised people, the 

cardiopulmonary patients, and the old ones and adolescents (ECDC, 2020; 

WHO, 2002b). Covid-19infected humans due to eating animals infected with 

bat coronavirus, that is, Himalayan palm civets, Chinese ferret badgers and 

raccoon dogs sold for food, can cause animal-to-human and human-to-human 

transmission. The most relevant animal reservoirs of human MERS-CoV are 

dromedary camels that caused human–human infections, especially in 

healthcare environments, in Saudi Arabia, 2012 (Goli 2020).  

1.1.3. Clinical Spectrum of Covid-19 and Symptoms with Signs 

    The clinical spectrum of Covid-19can range from asymptomatic infection to 

mild upper respiratory tract illness to severe interstitial pneumonia with 

respiratory failure and even death. It is estimated that non-severe patients with 

no symptoms or mild symptoms could represent ~30–60% of all infections 

(Mizumoto, Kagaya et al. 2020). Compared to severe cases, asymptomatic 

infection and mildly symptomatic infection often go unrecognized since the 

majority of affected individuals are not sick enough to seek medical help and 

cannot be identified by screening methods, such as temperature check. A few 

studies have shown that high viral loads can be detected in some patients with 

Covid-19 early in their illness, when their symptoms were mild (Woelfel, 

Corman et al. 2020).  

https://onlinelibrary.wiley.com/doi/10.1002/fsn3.1892#fsn31892-bib-0010
https://onlinelibrary.wiley.com/doi/10.1002/fsn3.1892#fsn31892-bib-0037
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    Moreover, another asymptomatic patient was found to shed a similar amount 

of virus as that shed by symptomatic patients. Therefore, asymptomatic 

infection may be highly contagious and potentially lead to viral spread. Some 

transmission models also suggested that a substantial number of undocumented 

infections leading to mild, limited, or no symptoms may facilitate the rapid 

dissemination of Covid-19 (Gostic, Gomez et al. 2020).  However, there is 

little information regarding the clinical features of asymptomatic and mildly 

symptomatic infection. Moreover, details of the chest computed tomography 

(CT) scans and virology course in these patients have not yet been well-

documented or described (Li, Shi et al. 2020). 

   Symptoms are experienced by patients. People with mild Covid-19might 

experience cough, sore throat, high temperature, diarrhoea, headache, muscle or 

joint pain, fatigue, and loss of sense of smell and taste. Symptoms of Covid-

19pneumonia include breathlessness, loss of appetite, confusion, pain or 

pressure in the chest, and high temperature (above 38 °C).  

   Signs are evaluated by clinical examination, and include lung sounds, blood 

pressure and heart rate. Often, people with mild symptoms visit their doctor 

(primary care physician) for an initial diagnosis. People with more severe 

symptoms might visit a hospital outpatient or emergency department. 

Depending on their symptoms and signs, patients may be sent home to isolate, 

may receive further tests or be hospitalized (Struyf, Deeks et al. 2020). 

1.1.4. Risk Factors for Severe and Critically Covid-19 Patients 

     In a series of multivariable-adjusted analyses based on Covid-19 patient, 

higher disease severity was found to be associated with demographic factors: 

(Wolff, Nee et al. 2020, Zhang, Cao et al. 2021). 

1. Old Age and Male Gender 

2.Diabetes and Obesity, Hypertension, Allergy and Asthma 
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3.Possible Mechanisms  Contributing toIncreased Severityby 

ChronicObstructive Pulmonary Disease(COPD), Interstitial Lung 

4.Chronic Liver Diseases  

5.Patients with Coexisting Chronic Kidney Diseases Patients with Cancers 

and Hematologic Malignancies  

6.Pregnancy 

7.Viral Load  

8.Ethnicity  

1.1.5.Effect of Covid-19 on Cardio vascular System and 

Hematological Changes 

      Although the respiratory system is the principal target for Covid-19 as described 

above, it can affect other major organ systems such as the gastrointestinal tract (GI), 

hepatobiliary, cardiovascular, renal, and central nervous system Covid-19 induced 

organ dysfunction, in general, is possibly explained by either one or a combination of 

the proposed mechanisms such as direct viral toxicity, ischemic injury caused by 

vasculitis, thrombosis, or thrombo-inflammation, immune dysregulation, and renin-

angiotensin-aldosterone system (RAAS) dysregulation (Conti, Ronconi et al. 

2020). 

     The exact mechanism of cardiac involvement in Covid-19 is unknown, it is 

likely multifactorial. ACE-2 receptors are also exhibited by myocardial cells 

implicating direct cytotoxicity by theCovid-19 on the myocardium leading to 

myocarditis. Proinflammatory cytokines such as IL-6 can also lead to vascular 

inflammation, myocarditis, and cardiac arrhythmias (Cascella, Rajnik et al. 

2021). 
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     Acute coronary syndrome (ACS) a well-recognized cardiac manifestation of 

Covid-19and is likely due to multiple factors that include but not limited to Covid-

19associated hypercoagulability, the release of proinflammatory cytokines, 

worsening of preexisting severe coronary artery disease, stress cardiomyopathy, 

and associated hemodynamic derangement which may reduce coronary blood 

flow, reduced oxygen supply resulting in the destabilization of coronary plaque 

micro-thrombogenesis or worsening of preexisting severe coronary artery disease 

(Guo, Fan et al. 2020, Hua, O’Gallagher et al. 2020). 

      Coronavirus disease -19 has a significant effect on the hematological and 

hemostatic system. The mechanism of leukopenia, one of the most common 

laboratory abnormalities encountered in, is unknown. Several hypotheses have 

been postulated that include ACE-2 mediated lymphocyte destruction by direct 

invasion by the virus, lymphocyte apoptosis due to proinflammatory cytokines, 

and possible invasion of. Thrombocytopenia is uncommon in Covid-19and is 

likely due to multiple factors that include virus-mediated suppression of platelets, 

formation of autoantibodies, and activation of coagulation cascade that results in 

platelet consumption (Abou-Ismail, Diamond et al. 2020).Thrombocytopenia 

and neutrophilia are considered a hallmark of severe illness (Coopersmith, 

Antonelli et al. 2021).  

    Although it is well known that Covid-19 is associated with a state of 

hypercoagulability, the exact mechanisms that lead to the activation of the 

coagulation system are unknown and likely attributed to the cytokine-induced 

inflammatory response. The pathogenesis of this associated hypercoagulability is 

multifactorial and is probably induced by direct viral-mediated damage or 

cytokine-induced injury of the vascular endothelium leading to the activation of 

platelets, monocytes, and macrophages, increased expression of tissue factor, von 

Willebrand factor, and Factor VIII that results in the generation of thrombin and 

formation of fibrin clot formation (Amgalan and Othman 2020).  
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      Other mechanisms that have been proposed include possible mononuclear 

phagocytes induced prothrombotic sequelae, derangements in the renin-

angiotensin system (RAS) pathways, complement-mediated microangiopathy 

(Abou-Ismail, Diamond et al. 2020).  

1.1.6 Sepsis-induced coagulopathy and disseminated intravascular 

coagulation  

      The pathophysiology of bacterial SICS and disseminated intravascular 

coagulation (DIC) has been extensively studied. Since ―inflammation‖ and 

―coagulation‖ are the common keywords in SIC/DIC, it is helpful to consider 

prior studies regarding SIC/DIC. The mechanism of procoagulant responses in 

bacterial sepsis is complex, and various factors, including pathogen-associated 

molecular patterns (PAMPs) and host-derived damage-associated molecular 

patterns (DAMPs), are known to trigger the proinflammatory responses and 

activate systemic coagulation As shown in Figure (1-3) (Iba, Levy et al. 2020). 

Since inflammation and coagulation are both essential host defense 

mechanisms, the responses increase in proportion to disease severity and can 

potentially injure the host in which defense mechanisms include 

proinflammatory cytokines such as interleukin (IL)-1β, IL-6, tumor necrosis 

factor-α (TNFα), and complement system proteins, all of which can induce 

coagulopathy. In addition, tissue factor expression on monocytes/macrophages, 

neutrophil activation, and neutrophil extracellular traps (NETs) produce 

activation of thrombosis (Chang 2019). This thrombo-inflammatory response, 

together with extracellular vesicles, causes endothelial damage that further 

increase thrombin generation (Wang, Luo et al. 2018). In SIC/DIC, fibrinolysis 

is often suppressed due to the over-production of plasminogen activator 

inhibitor-1 (PAI-1), with progressive fibrin clot formation within the tissue 

microcirculation leading to organ dysfunction (Iba, Levi et al. 2020) . To detect 

this type of coagulation disorder, a decrease in the platelet count and increase in 
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prothrombin time (PT)—the two laboratory parameters used in the SIC score—

are the most useful indicators. There is a lack of increase in D-dimer levels with 

increasing SIC/DIC severity due to suppression of fibrinolysis, also called 

fibrinolytic shutdown  as shown in Figure (1-6) (Iba and Levy 2018). 

 

Fig. (1-3): Mechanism of endothelial cell damage(Iba, Levy et al. 2020). 

    In Covid-19, the D-dimer level is commonly high and usually greater than 

five times the upper limit of the normal range. Also, in SIC/DIC, anticoagulant 

proteins such as antithrombin decrease significantly because of increased 

vascular permeability and other mechanisms (Iba, Levy et al. 2020). Thrombus 

formation in disseminated intravascular coagulation, thrombotic 

thrombocytopenic purpura, and hemolytic uremic syndrome. In bacterial sepsis, 

immune cells such as monocyte and macrophages are activated by pathogen-

associated molecular patterns (PAMPs) and host-derived damage-associated 

molecular patterns (DAMPs). The immune cells initiate coagulation cascades 

through expressing tissue factor (TF) and releasing extracellular vesicles (EVs). 

The activated neutrophils and neutrophil extracellular traps (NETs) are also 

https://ccforum.biomedcentral.com/articles/10.1186/s13054-020-03077-0/figures/1
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involved in coagulation. Degradation of fibrin, the end product of coagulation 

activation, is suppressed by increased levels of plasminogen activator inhibitor-

1 (PAI-1).  In thrombotic thrombocytopenic purpura (TTP), increased high 

multimers of von Willebrand factor (vWF) caused by ant-ADAMTS13 

antibodies stimulate platelet aggregation (Madoiwa 2015). 

1.1.7. von Willebrand Factor   

    The von Willebrand Factor (vWF) is a large multimeric hyper-adhesive 

glycoprotein circulating, present in blood plasma, endothelial cells, 

megakaryocytes, and platelets. It plays a major role in hemostasis, mediating 

platelet adhesion to vascular injury sites. It also binds and protects coagulation 

factor VIII (FVIII) from degradation (Terraube, O’donnell et al. 2010). 

Recent studies showed that vWF is also involved in inflammation, linking 

thrombosis and inflammation. Inflammation can provoke thrombosis through 

the vWF-dependent pathway, which includes endothelial activation, the 

secretion of vWF into the bloodstream, vWF activation and interaction with 

platelets, and subsequent platelet adhesion to a vessel wall (Kawecki, Lenting 

et al. 2017, Chen and Chung 2018). vWF is considered a risk factor of arterial 

thrombosis and might contribute to the development of adverse events in 

atherosclerosis and other cardiovascular diseases (Van Belle, Vincent et al. 

2019, Fan, Wang et al. 2020). 

1.1.7.1. Secretion and Chemical Characteristics  

     The production of vWF occurs selectively in megakaryocytes (MKs) and 

endothelial cells as ultra-large vWF (ULvWF) multimers, stored in specific 

intracellular organelles: a) α-granules in MKs and platelets, and, b) Weibel-

Palade bodies (WPBs) in endothelial cells . 

    The mature of vWF molecule is composed of 40 to 100 monomers. vWF 

polymerization requires a multistep process: vWF monomers undergo an initial 

dimerization in the endoplasmic reticulum (ER), followed by a complex 
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multimerization in the Golgi apparatus and post-Golgi compartment  (Budde, 

Pieconka et al. 2006). Multimers of UL-vWF are packaged into α- granules in 

helicoidally structures. This conformation enables a well-ordered, rapid 

secretion of vWF multimers in bloodstream, mimicking an unrolling chain 

through plasma membrane pores (Stockschlaeder, Schneppenheim et al. 

2014). vWF is secreted in both via constitutive and regulated manner from 

WPBs in endothelial cells. Platelet activation is necessarily for vWF secretion 

from α-granules and no constitutive release has been demonstrated. A certain 

amount of vWF molecules is not secreted freely circulating in plasma, and 

remains anchored to the endothelial surface, probably interacting with P-selectin 

(Zhang, Zhou et al. 2009). 

1.1.7.2. Function of von Willebrand Factor   

     von Willebrand Factor  plays a pivotal role in mediating adhesion and 

aggregation of platelets and acting as a carrier for factor VIII, protecting it from 

degradation, cellular uptake, or binding to the surface of activated platelets and 

endothelial cells at sites of vascular injury and by protecting factor VIII from 

rapid clearance in the circulation of high shear rates (eg, in coronary arteries 

that have stenotic or ruptured atherosclerotic plaque lesions) (Brehm, König et 

al. 2020). Recent studies have provided evidence indicating that vWF regulates 

not only hemostasis and thrombosis but also the processes of angiogenesis, 

smooth muscle cell proliferation, tumor cell metastasis, and immune cell 

regulation (Patmore, Dhami et al. 2020). 

     But, vWF can also be regarded as prothrombotic factor, particularly if high 

vWF concentrations are present in the blood stream. Recently described the 

prothrombotic properties of the common vWF variant. It plays a significant role 

in premature and repeated events of myocardial infarction (MI) in 

Ludwigshafen Risk and Cardiovascular Health Study (Huck, Chen et al. 2020). 

Atrial fibrillation (AF) is the most commonly sustained cardiac arrhythmia and 
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is associated with a high risk of stroke and thromboembolism (Roldán, Marín 

et al. 2011). 

1.1.7.3. Clinical Importance of von Willebrand Factor   

      The deficiency of von Willebrand Factor causes a bleeding phenotype (von 

Willebrand disease, vWD) of variable severity, depending on the molecular 

defect of the multidomain and multifunctional protein induced by mutations. In 

addition to the numerous loss-of-function mutations, a number of gain-of-

function (GOF) mutations have been identified in the vWF gene. The latter are 

located in the A1 domain and cause bleeding events, due to spontaneous 

binding and crosslinking of platelets in the circulation. The results are 

thrombocytopenia but also proteolytic degradation of the high molecular weight 

functionally highly active vWF multimers by the vWF-specific protease 

ADAMTS-13 (Patmore, Dhami et al. 2020). 

       Elevated of vWF levels are associated with cardiovascular 

disease, increased risk of ischemic heart disease, and the occurrence of acute 

ischemic stroke; these high levels of vWF are associated with the risk of stroke, 

even in the general population (Luo, Ni et al. 2012). In animal models of 

atherosclerosis, both the inhibition and deletion of vWF successfully reduced 

inflammation, plaque size and platelet adhesion, while the deletion of 

ADAMTS13 had opposite effects. Human clinical data on the impact of vWF 

inhibition on atherosclerosis are not available (Jin, Tohyama et al. 2012). 

1.1.8. A disintegrin and Metalloprtease with a Thrombospondin 

Type 1 Motif, Member-13(ADAMTS-13) 

    A Disintegrin and Metalloproteinase with a Thrombospondin Type 1 Motif, 

Member 13 (ADAMTS-13) is a member of the ADAMTS type 1 repeats family 

of metalloproteases. It is a multidomain protein with Ca
2+

- and Zn
2+

-dependent 

metalloprotease (M), disintegrin-like (D), thrombospondin-1 repeat (T), Cys-
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rich (C), and spacer (S) domains, followed by 7 T domains and 2 CUB 

(complement components C1r and C1s, sea urchin protein Uegf, and bone 

morphogenetic protein-1) domains. ADAMTS-13 limits the growth of von 

Willebrand factor (vWF)–platelet aggregates by cleaving a cryptic Tyr
1605

-

Met
1606

 bond in the vWF A2 domain that is exposed under conditions of high 

fluid shear stress, thereby releasing adherent platelets. Congenital or acquired 

ADAMTS-13 deficiency prevents the regulation of vWF-dependent platelet 

accumulation and causes microvascular thrombosis that characterizes 

thrombotic thrombocytopenic purpura (Roose, Vidarsson et al. 2018).  

Interactions between vWF and the proximal MDTCS domains of ADAMTS13 

have been studied extensively. When subjected to tensile stress in solution, 

bound to a surface, or on endothelial cell surfaces (Akiyama, Takeda et al. 

2009). 

1.1.8.1. Chemical Structure of ADAMTS-13 

     A disintegrin and metalloproteinase with a thrombospondin type 1 motif, 

member 13is a metalloprotease containing 1,427 amino acid residues 

predominantly secreted by hepatic stellate cells (Haegele, Fuxsteiner et al. 

2018). It has been reported that endothelial cells also express ADAMTS-13 

mRNA and protein.as shown in Figure (1-4) (Koupenova, Clancy et al. 2018). 
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Fig. (1-4): Structure of ADAMTS13. S, signal peptide domain; P, short propeptide 

domain; MP, metalloprotease domain; Dis, disintegrin-like domain; 1, thrombospondin-

1 repeat (TSP1) domain; Cys, characteristic Cysteine -rich domain; Spacer, spacer 

domain; CUB, CUB domains (Koupenova, Clancy et al. 2018) 

      ADAMTS-13 is the cleaving protease of vWF, which is a large multimeric 

glycoprotein. vWF is released by endothelial cells in the form of ultra-large 

multimers (UL-vWF) of varying sizes, with the molecular weight upto 20,000 

kDa. ADAMTS-13 cleaves the Y1605-M1606 bond with inthe UL-vWF A2 

domain Figure (1-5) (Chen, Cheng et al. 2019).    

1.1.8.2. Physiological Functions of ADAMTS-13 

      The physiological function of ADAMTS-13 is based on its multi-domain 

structure consisting of a signal peptide domain, a short propeptide domain, a 

metalloprotease domain, a disintegrin-like domain, a thrombospondin-1 repeat 

(TSP1) domain, a characteristic Cys-rich domain, a spacer domain, and two 

CUB domains. The C-terminal regions of ADAMTS proteases are more 

variable with an additional seven thrombospondin type 1 (TSP-1) repeats and 

two CUB (the Complement components C1r ADAMTS-13 and C1s, sea urchin 

protein Uegf, and Bone morphogenetic protein-1) domains for ADAMTS-13 

(Zander, Cao et al. 2015) (Roose, Vidarsson et al. 2018).  

 

 

 

 

Fig. (1-5): Structure of VWF. D1,D2: pro-vWF, D'D3: FVIII, A1: GPIbα protein 

addition site, A2: ADAMTS-13 cleaving site, A3: collagen (Chen, Cheng et al. 2019). 

 

https://www.frontiersin.org/articles/10.3389/fneur.2019.00772/full#F2
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      Dysfunction of the ADAMTS-13-vWF axis leads to vWF accumulation and 

adhesion of platelets, which is the first step of thrombosis and inflammation 

(Witsch, Martinod et al. 2018), as shown in Figure (1-5). ADAMTS-13 has a 

plasma half-life of 2 to 3 days, with 3% to 5% of ADAMTS-13 circulating 

bound to vWF (Feys, Anderson et al. 2009). There are no data regarding the 

clearance of the protease, nor any known inhibitor of its function. Therefore, the 

regulation of ADAMTS-13 is likely to be at the substrate level (vWF), with 3 

factors known to regulate its activity (Masias and Cataland 2018): 

A. Fluid shear stress, found in the microcirculation, which allows vWF to 

unfold and expose its A2 domain for ADAMTS-13 binding; 

B. Factor VIII, which enhances the ADAMTS-13 proteolytic activity by 

affecting the A1A2A3 domain-domain interaction when ADAMTS-13 

binds vWF under shear forces (Bonazza, Rottensteiner et al. 2015);  

C. Platelet glycoprotein 1bα (GP1bα), which increases ADAMTS-13 

function under static or shear conditions by exposing the vWF A2 domain 

when it binds to the A1 domai. 

1.1.8.3. Medical Importance of ADAMTS13 

     A severe functional ADAMTS-13 deficiency causes the blood accumulation 

of platelet-hyperadhesive ultralarge vWF multimers, leading to the formation of 

platelet-rich microthrombi within small arterioles (Sadler 2015). In most cases, 

the mechanism for ADAMTS13 severe deficiency is acquired via 

autoantibodies to ADAMTS-13, as demonstrated by positive anti-ADAMTS13 

IgG in ∼75% of TTP during an acute phase (Mariotte, Azoulay et al. 2016) as 

shown in Figure (1-6). 

       In physiologic conditions, ultralarge vWF multimers released from 

endothelial cells are cleaved by ADAMTS-13 in smaller vWF multimers, less 

adhesive to platelets. In TTP, because of the absence of functional ADAMTS-
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13 (either absent by congenital defect or inhibited by specific autoantibodies), 

ultralarge vWF multimers are released into the blood and bind spontaneously to 

platelets to form aggregates within the arterial and capillary microvessels. The 

vWF–platelet aggregates are large enough to form microthrombi inducing tissue 

ischemia, platelet consumption, and microangiopathic (Zhu, Muia et al. 2019). 

 

 

Fig. (1-6): Pathophysiology for Thrombotic thrombocytopenic purpura(TTP) (Joly, 

Coppo et al. 2017)   

1.1.9. Vitamin K  

     Vitamin K , one of the fat-soluble vitamins, is essential for synthesizing 

several proteins – factor II (prothrombin), factors VII, IX, and X involved in 

regulating blood clotting (coagulation) (Maresz 2015). Natural vitamin K is 

found in two different forms: K1 (phylloquinone), an effective form of dietary 

vitamin K and mainly found in green leafy vegetables, and K2 (Holmes, Hunt 
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et al. 2012). They are primarily of microbial origin, and sources are especially 

from fermented foods like cheese, curds, and animal livers. It is noteworthy to 

understand that these menaquinones are synthesized by human intestinal 

microbiota. The third form of vitamin K is K3 (menadione), which is 

synthetically or artificially produced. The dietary reference intake of vitamin K 

recommended by Food and Nutrition Board (FNB) at the Institute of Medicine 

of the National Academies is 120µg for adult males and 90 µg for adult females 

(Samad, Dutta et al. 2021). 

1.1.9.1 Structure, Uptake and Distribution of Vitamin K  

    Naturally, vitamin K exists as two vitamers: K1 and K2. Structurally K1 

belongs to the phylloquinone family whereas K2 chemical structure. Vitamin 

K1 represents the predominant form that can be found in daily diet (Schurgers 

and Vermeer 2000), and is mainly present in green vegetables and fruits .In 

mammalian cells in absence of bacteria, vitamin K1 was shown to be able to 

convert into vitamin K2 MK-4 isoform. Normally K2 form is primarily bacterial 

in origin, and is produced in the human intestines. It can also be found in 

fermented food, meat and cheese (Marles, Roe et al. 2017).  

    Overall, as much as 95% of extrahepatic vitamin K comes from dietary 

menaquinones, not phylloquinones. A healthy adult consumption of vitamin K 

should be around 1 µg/day/kg and specifically 50 to 600 µg/day for vitamin K1 

and 5 to 600 µg/day for vitamin K2 Although, low amounts in µg are sufficient 

already to maintain the daily body requirements due to an efficient vitamin K 

recycling system developed in mammals, study has shown that majority of 

healthy adults are sub-clinically deficient for vitamin K in their circulation. 

Contrarily to vitamin K1, which is rapidly removed from the circulation and 

mainly remains in the liver, K2 form is known to be equally distributed between 

the circulation and the extra-hepatic tissues .Thus, K2 is thought to provide a 

rapid and localized protective response whilst action of K1 is found to be more 
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widespread. Commercially, there are two vitamin K2 forms available, named 

MK-4 and MK-7.  MK-4 has a relatively short half-life of up to three hours, 

whilst MK-7 can remain stable for up to 3 days. Vitamin K1 and MK-4 present 

similar properties whereas vitamin K2 larger isoforms (for example MK-

7,8,9,10) are proposed to also possess function beyond coagulation (Halder, 

Petsophonsakul et al. 2019). 

     Indeed, the presences of large side chains confer potential hydrophilic 

properties that are different from the K1 and MK-4 forms. Since vitamin K, 

even given at high doses has no reported side effects, its potential prophylactic 

benefits supplementation may be advisable (Kaneki, Hedges et al. 2001). 

1.1.9.2. Roles of vitamin K 

     Under normal conditions, coagulation system is balanced towards the 

anticoagulation state . Vitamin K is an essential ―switch‖ in balancing 

coagulation and anticoagulation process (Espana, Medina et al. 2005). Indeed, 

vitamin K acts as a cofactor in the activation of extra-hepatic and hepatic 

vitamin K-dependent proteins (VKDPs) including pro-thrombin and clotting 

factors VII, IX, X, major factors involved in blood coagulation. On the other 

hand, vitamin K can also trigger key anticoagulants via VKDPs for producing 

proteins C, S and Z (Danziger 2008). In the presence of vitamin K, the 

glutamate (Glu) residues present on these proteins are carboxylated into 

gamma-carboxyglutamic acid (Gla) by γ-glutamyl carboxylase (GGCX) 

enzyme, enzyme that uses vitamin K as a cofactor for its activity. Glu is 

modified into Gla on the coagulation factors of which these proteins display a 

higher affinity for calcium enabling them to form calcium bridges and bind to 

the surface membrane phospholipids prior to clot assembling (Schurgers and 

Spronk 2014).       
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    It is important to note that vitamin K does not start the clotting process; it 

only enhances the coagulation system to work effectively. While vitamin K 

involvement in coagulation is well established, it is also a key component of the 

anticoagulation response. This response is facilitated through the activation of 

protein C, S and Z. Vitamin K-dependent protein C activation can inhibit 

clotting factors V and VIII which are responsible for clot generation (Espana, 

Medina et al. 2005). 

    Beyond its essential role in coagulation, vitamin K is suggested to possess 

immune-modulatory functions as well as preventing vascular calcification. 

Studies have shown that K2 form has more potent anti-inflammatory effect 

when compared to K1.K2 acts as an immunosuppressive compound to modulate 

expression of a multitude of pro-inflammatory cytokines such as TNF, IL-1α, 

IL-1β and suppresses IL-6 release (Espana, Medina et al. 2005).  

    It can also impair T cell activation and proliferation. Besides, vitamin K has 

been shown to activate extra-hepatic VKDPs such as the Matrix Gla-protein 

(MGP), Osteocalcin and Gla-rich protein (GRP) .MGP is mainly expressed in 

cartilage and vasculature and involved in ECM remodeling responsible for 

preventing vascular calcification and thus plays a fundamental role in vascular 

health.It has been suggested that vitamin K dependent MGP plays an important 

role in elastin degradation in the lungs phenomenon that is accelerated in 

pulmonary disease (Piscaer, Wouters et al. 2017). Furthermore, vascular 

calcification is often observed in chronic kidney disease patients, patients who 

have been reported to be more prone to develop severe form of Covid -19 

highlighting the importance of vitamin K and MGP (T 2021). 
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1.1.10. Mechanisms of Coagulation in Covid-19 

    The pathogenesis of the Covid-19 induced coagulopathy has not yet been 

fully elucidated, but the mechanisms may overlap in some part to those of 

bacteria-induced septic coagulopathy/DIC  as shown in Figure (1-7) (Wang, 

Shi et al. 2020).  

 

Fig. (1-7): Mechanisms of coagulation activation in Covid-19 (Wang, Shi et al. 2020). 

    The excess production of proinflammatory cytokines, increased levels of 

damage-associated molecular patterns, the stimulation of cell-death mechanisms 

and vascular endothelial damage are the major causes of coagulation disorder in 

any severe infection.The elevated levels of fibrin-related biomarkers, and 

prolonged PT and aPTT are often recognized in Covid-19, but the degree is less 

prominent compared with the bacterial sepsis-induced coagulopathy/DIC  

(Baseler, Chertow et al. 2017).  The involvement of proinflammatory 

cytokines and chemokines such as tumor necrosis factor (TNF)-α, IL-1β, are 

reported in Covid-19, increased inflammatory cytokines and chemokines recruit 

immune cells to the infected tissues, primarily for the host defense, but also 

https://onlinelibrary.wiley.com/cms/asset/036b4a43-ab82-4a60-b083-f75da8bb2a1d/jth14975-fig-0001-m.jpg
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results in the damage of the host (Wang, Shi et al. 2020). This mechanism is 

the same as bacterial infections; however, the response of the lymphatic system 

is more prominent with viral infections (Zhang, Zhou et al. 2020). The 

immune activation stimulates the expression of tissue factor on 

monocytes/macrophages and vascular endothelial cells. The coagulation 

cascades are initiated mainly by the tissue factor on the cellular surface. 

Different from coronavirus SARS infection, coagulopathy in the Ebola infection 

is characterized by marked thrombocytopenia, fibrin deposition, and 

prolongation of PT and aPTT (Falasca, Agrati et al. 2015). Together with 

consumptive coagulopathy, the thrombus formation in the microvascular 

contributes to tissue ischemia and organ dysfunction. Hemorrhagic symptoms 

are commonly seen in Ebola infection, and the organ damage is dominant in the 

liver and vascular system that are unusual in Covid-19.  

    Both pathogens (viruses) and damage-associated molecular patterns 

(DAMPs) from injured host tissue can activate monocytes. Activated monocytes 

release inflammatory cytokines and chemokines that stimulate neutrophils, 

lymphocytes, platelets, and vascular endothelial cells. Monocytes and other 

cells express tissue factor and phosphatidylserine on their surfaces and initiate 

coagulation. Healthy endothelial cells maintain their anti-thrombogenicity by 

expressing glycocalyx and its binding protein antithrombin. Damaged 

endothelial cells change their properties to procoagulant following disruption of 

the glycocalyx and loss of anticoagulant proteins (Iba, Levy et al. 2020). 
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Aims of the Study: 

The aims of the study include: 

1. To evaluate the discriminative ability of von Willebrand Factor levels as 

thrombo-inflammatiry markers for predicting, monitoring, and a 

prognosis of severity patients with and without the severe or fatal forms 

of Covid -19 

2. To evaluate the ADAMTS-13, and Vitamin K levels as essential 

predictive biomarkers in severe Covid-19 patients. 

3. To study the biochemical changes in sera of Covid -19 such as lipid 

profiles, D-dimer, ferritin and C-reactive protein. 

4. To study the correlation between the thrombo-inflammatory markers with 

Covid -19 symptoms severity and mortality.  

5. To study the correlations between von Willebrand Factor level and each 

of ADAMTS-13, and Vitamin K levels and various biochemical 

parameters determined in severe Covid-19 patients. 
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2. Subjects, Materials and Methods  

2.1. Subjects  

      The current case-control study included 90 patients and healthy 

subjects,Sample collection was conducted during the period from January 2021 

toMay 2021 and they are classified as shown in Figure (2-1). 

 

Fig. (2-1): Scheme subjects groups of Covid-19 

 

 

Total subjects  

N = 90 

Age ranged between 

(40-61 years ) 

Patients group  

 N = 60  

40 males , 20 females 

Age ranged between 

(40-61 years) 

Control group 

 N = 30 

 19 males, 11 females 

Age ranged between 

(40-61 years) 

F

i
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2.1.1. Patients 

      The participated in the study included 60 patients, of whom infected with 

Covid-19 a admitted to each of Al- Amal Hospital ;  Al-Shifaa Center (Najaf / 

Iraq), and Al-Hussein Teaching Hospital / Al-Hussein Medical City, Karbala 

Health Directorates / Karbala – Iraq. They are diagnosed by quantitative by RT-

PCR and chest X-ray or CT scan at the 7-12 day from symptoms on set, with age 

ranged between (40-61) years and it consisted of three categories Covid-19 

patients were collected at admission and the disease severity was assessed using 

Murray scores ( Murray, et al. 1988).The patients were considered to have mild / 

moderate Covid-19 depending upon fever, respiratory manifestations and 

radiological indicative of pneumonia. Patients were considered to have severe 

Covid-19 if any of the following changes was present: 

(i) Respiratory distraction ( ≥ 30 / min) 

(ii) Resting oxygen saturated ≤ 90% or 

(iii)  Arterial oxygen (PaO2) / fraction of inspired oxygen ≤ 300 mmHg .or  

(iv)  Respiratory failure requiring mechanical ventilation and require intensive 

care unit. Moreover, patient dead considered as Non-survived. 

      This investigation was approved by local medical ethics and all participants, 

information consent before the onset of study. The patients were registered and 

handed over a file for recording their data such as name, age, gender, weight, 

height. 

Exclusion criteria: 

      The study excluded patients with any chronic or inmmune diseases like  

diabetes mellitus, infection and inflammation, and receiving long term oral 

corticosteroid ,anti-IL-6 or anti-TNF therapy and patients had history of 

vasculitis connective tissue disease. Patients suffering from cancer and kidney 

diseases of, smoker and also thyroid gland diseases. 
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2.1.2. Control  

   Thirty apparently healthy subjects were selected as control group. Their age 

and gender were comparable to that of patients. None of them was anemic or has 

an obvious systemic disease or any chronic diseases. 

2.1.3. Blood Samples Collection 

     Five milliliters of venous blood were drawn from each the patients and 

control group by medical syringes, and 2 ml was but into EDTA tubes in order 

to use for CBC. Others 3ml blood were place in gel tubes and then left at room 

temperature for a period of ten minutes to fifteen minutes for coagulation, then 

centrifuged (at 3000 x g) for 10 minutes for serum sepration. The sera were 

divided into three Eppendorf tubes and stored at (-20 Cº) until time of 

biochemical estimation. 

2.2. Materials 

2.2.1. Instruments and Tools                                                           

    Various instruments and laboratory tool are used to perform this study as 

shown in table (2-1). 

Table (2-1): Instruments and Tools used in this study 

No. Instruments Company Country 

1 Centrifuge Kubota Japan 

2 Different glassware Different sources China 

3 Disposable syringe Enteplin Egypt 

4 ELISA microplate reader Biotek USA 

5 Refrigerator Nikai Japan 

6 Incubator Kubota Kubota 
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7 Different size micropipettes Dragon German 

8 Deep freeze Nikai Japan 

9 Shaker Finepcr Switzerland 

10 Spectrophotometer CECIL France 

11 Spin react Spincell3 Spin react SPAIN 

 

2.2.2. Chemicals and Kits 

    Various biochemical kits were used in this study. Table (2-2) shown the kits 

used with their sources.                           

      Table (2-2): Chemicals and kits used in this study with their suppliers 

No. Chemicals Company Country 

1   Complete blood count  Biolabo France 

2 Ichroma™  Ferritin Boditech Korea 

3   Ichroma™ D-Dimer Boditech Korea 

4   Total cholesterol kit Biolabo France 

5 HDL-Cholesterol kit Biolabo France 

6  Triglyceride kit Biolabo France 

7 C- Reactive protein Kit Melsin China 

8 von Willebrand Factor kit Melsin China 

9 ADAMTS-13/vWF-cp kit BT- LAB China 

10 Vitamin K kit Melsin China 
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2.3. Methods 

2.3.1.Calculation of Body Mass Index(BMI)     

      Body mass index was used to define obesity. The range of BMI (18.5-24.99 

kg/m
2
) that set it WHO but it does not accurately indicate the degree of fatness 

(Al-Khazraji 2010). In the present study, WHO classification will be used for 

adults as shown in Table (2-3) the Body Mass Index was measure by dividing 

weight in kilograms by length of individual in square meter: BMI = (weight in 

kg) / (height in meters
2
) . 

         Table (2-3): Estimation of body mass index(Sorkin, Muller et al. 1999). 

 

 

 

2.3.2. Determination of Serum Ferritin Concentration 

 

Principle 

     The test used a sandwich immunodetection method; the detector recombinant 

protein in buffer binds to antibody in a sample, forming recombinant protein. 

Antibody complexes, and migrates onto nitrocellulose matrix to be captured by 

the other immobilized antigen on a test strip. The more antibody in the sample 

forms the more recombinant protein antibody complex and leads to stronger 

intensity of fluorescence signal on detector recombinant protein, which is 

Weight status BMI (kg/m²) 

Under weight  < 18.5  kg/m
2
 

Normal weight  18.5 to 24.9  kg/m
2
 

Over weight  25.0 to 29.9  kg/m
2
 

Obese  ≥ 30.0  kg/m
2
 



Subjects, Materials and Methods                                                      Chapter Two      

03 
 

processed by Instrument for ichroma™ tests to show ferritin concentration in the 

sample. 

Procedure  

1. Thirty of the sample (human serum/plasma/control) was transferred using 

.The pipette was transferred to a tube containing detection buffer. 

2. The cap of the detection buffer tube was closed and the sample was mixed 

well by shaking it about 10 times. 

3. Seventy five μl of the sample mixture was withdrawn and the sample was 

loaded into a test cartridge. 

4. The test cartridge loaded with the sample was left at room temperature for 10 

minutes. 

5. The ferritin identification code has been put into place. 

6. The "Select" button was pressed on the device for ichroma™ tests to start the 

scanning process. 

7. Instrument for ichroma™ tests will start scanning the sample.loaded cartridge 

immediately. 

8. The test result was read on the display of the ichroma™ test instrument. 

Interpretation of test result        

      An instrument for ichroma™ tests calculates the test result automatically and 

displays the ferritin concentration of the test sample in terms of ng/ml. 

Reference range 

Women: 20 - 250 ng/ml 

  Men: 30 - 350 ng/ml                                

Working range: 10 - 1,000 ng/ml. 

2.3.3. Determination of Plasma D-Dimer Concentration 

Principle 

    The test uses a sandwich immune detection method; the detector antibody in 

buffer binds to antigen in sample, forming antigen antibody complexes, and 
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migrates onto nitrocellulose matrix to be captured by the other immobilized-

antibody on test strip. The more antigen in sample forms the more antigen-

antibody complex and leads to stronger intensity of fluorescence signal on 

detector antibody, which is processed by instrument for ichroma™ tests to show 

D-Dimer concentration in sample.  

Procedure 

1. Ten μl of plasma using a transfer pipette was transferred to a tube 

containing the detection buffer. 

2. Closed the lid of the detection buffer tube and mixed the plasma thoroughly 

by shaking it about 10 times.  

3. Seventy five μl of a plasma mixture and dispense it pipetted out into the 

sample well on the cartridge. 

4. The sample-loaded cartridge was left at room temperature for 12 minutes. 

5. Scanned the sample-loaded cartridge, inserted it into the cartridge holder of 

the Instrument for ichroma™ tests. Ensure proper orientation of the 

cartridge before pushing it all the way inside the cartridge holder. An arrow 

has been marked on the cartridge especially for this purpose. 

6. Pressed ‘Select’ button on the Instrument for ichroma™ tests to started the 

scanning process. 

7. Instrument for ichroma™ tests will started scanning the sample-loaded 

cartridge immediately. 

8. Read the test result on the display screen of the Instrument for ichroma™ 

tests 

Interpretation of test result         

    The instrument for ichroma™ tests calculates the test result automatically and 

displays the d-Dimer concentration of the test sample in terms of ng/ml (FEU, 

Fibrinogen equivalent units).  
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 Reference value : 500 ng/ml. Working range 50~10,000 ng/ml . 

2.3.4. Determination of High Sensitivity C-Reactive Protein 

Concentration 

Principle 

    This ELISA kit uses the Sandwich-ELISA principle. The micro ELISA plate 

provided in this kit has been pre-coated with an antibody specific to Human CRP. 

Standards or samples are added to the micro ELISA plate wells and combined 

with the specific antibody. Then a biotinylated detection antibody specific for 

Human CRP and Avidin-Horseradish Peroxidase (HRP) conjugate are added 

successively to each micro plate well and incubated. Free components are 

washed away. The substrate solution is added to each well. Only those wells that 

contain Human CRP, biotinylated detection antibody and Avidin-HRP conjugate 

will appear blue in color. The enzyme-substrate reaction is terminated by the 

addition of stop solution and the color turns yellow. The optical density (OD) is 

measured spectrophotometrically at a wavelength of 450 nm. The OD value is 

proportional to the concentration of Human CRP. 

Reference value 0.5 - 200 mg/l . 

Procedure 

1. One hundred µl of standard or sample were added to each well. Incubated for  

90 minutes at 37 °C  

2. Aspirate the liquid, immediately added 100μl Biotinylated antibody working 

solution was added to each well. Incubated for 60 min at 37 °C. 

3. Aspirated and washed for 3 times.  

4. One hundred µl of HRP conjugate was added. Incubated for 30 minutes at 37 

°C 

5. Ninety µl of substrate reagent was added. Incubated for 15 minutes at 37 °C. 
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6. Fifty µl of stop solution was added. Determined the Abs value at 450 nm 

immediately. 

Calculation 

     The concentration was calculated from the calitration curve. The standard 

curve has demonstrated a direct relation between hs-CRP concentration and the 

corresponding absorbance. The results have appeared automatically by the 

ELISA reader program from the calibration curve. 

 

 

 

 

 

 

 

                                  

 

                          Fig. (2-1): Standard curve of serum –CRP(mg/L) 

2.3.5. Determination of Complete Blood Count 

     When performing a complete blood count (CBC), we use an auto hematology 

analyzer consisting of three solutions that will be mentioned in detail, as well as 

accessories such as a shaker to mix the sample and a printer to print the results. 
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Principle 

     STEL 3-Lyser is used on STEL 3 Auto hematology analyzer for white blood 

cell counting, differentiating and hemoglobin measurement. In the process of 

blood cell counting, red blood cells are dissolved by lyse and release hemoglobin. 

Hemoglobin reacts with Lyse; the reaction produces a solution with particular 

color, so concentration of the solution can be determined by colorimetric method. 

At the same time, white blood cells release cytoplasm and shrink; size of solid 

content, such as, nucleus and granules left in different types of white blood cells 

is different. Based on electrical non-conductivity of blood cells, auto hematology 

analyzer can classify white blood cells into three groups, such as, lymphocytes, 

intermediate cells and neutrophils by detecting changes in electrical resistance 

when suspended particles in electrolyte solution passing through the counting 

hole. 

Reagent Composition 

   Quaternary ammonium salt<0.15%, NaCl<0.15%, Stabilizer<0.12% 

Principle 

    In the process of blood cell counting, STEL 3-Diluyent is a kind of balanced 

electrolyte solution with electrical conductivity. Based on electrical non 

conductivity of blood cells, STEL 3 auto hematology analyzer can perform 

complete blood count by detecting changes in electrical resistance when 

suspended particles in electrolyte solution pass through the counting hole. 

Reagent Composition 

NaCl <0.6% , Stabilizer <0.1% and buffer solution 
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Principle 

     STEL 3-Cleaner is used on STEL 3 Auto hematology analyzer for cleaning 

and washing tubing system, removing blood residual and other particles to ensure 

blood cell counting. 

Reagent Composition 

Buffer solution<0.3%, Protease<0.2% 

2.3.6. Determination of Serum Total Cholesterol Concentration 

   The total serum cholesterol (TC) was determined by the enzymatic colorimetric 

method for the quantitative in vitro diagnostic measurement using a kit. 

Principle 

     This method is for the measurement of the total serum cholesterol, which 

involves the use of three enzymes: cholesterol esterase (CE), cholesterol oxidase 

(CO) and peroxidase (POD). In the presence of the former, the mixture of phenol 

and 4-aminoantipyrine (4AA) is condensed by hydrogen peroxide to form 

Quinonimine dye proportional to the concentration of cholesterol in the sample. 

                                        Cholesterol esterase 

Cholesterol ester + H2O -----------------------------►Cholesterol + Free Fatty acids 

                                 Cholesterol oxidase 

Cholesterol + O2   ---------------------------------►  Cholesterol-4-en-one 3 + H2O2 

                                            

                                                           Peroxidase 

2H2O2 + phenol + 4-amino-antipyrine-----------------►Quinonimine(pink) +4H2O 
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Table (2-4) show reagents used of the determination of serum total 

cholesterol 

Reagent Content Concentration 

Reagent 1Buffer 

Phosphate buffer 

Chloro-4-phenol 

Sodium Chelate 

Triton ×100 

Preservative 

100 mmol/l 

5 mmol/l 

2.3 mmol/l 

1.5 mmol/l 

Reagent 

2Enzymes 

4-amio-antipyrine  4AA 

Cholesterol Esterase CE 

Cholesterol Oxidase CD 

Peroxidase POD 

0.25mmol/l 

≥1.70 IU/L 

≥ 100 IU/L 

≥ 1200 IU/L 

Reagent3 

Standard 
Cholesterol 200 mg/dl 

 

Procedure 

1. Three sets of tubes serum, standard and blank) were prepared for (TC) 

as the following table (2-5). 

                 Tubes 

Solutions 
Blank Standard Sample 

 Working reagent 1 ml 1 ml 1 ml 

Demineralized water 10 µl -------- ------ 

Standard -------- 10 µl ------- 

Serum --------- -------- 10 µl 

 

2. The tubs were mixed and incubated for at least 5 min at 37 ºC. 

3. The absorbance of samples and standards were measured at wave 

length 500 nm against blank. 
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Calculation 

                                                  Abs. of sample  

The total cholesterol (mg/dl) = -------------------×Conc.of standard(200 mg/dl). 

                                                 Abs. of standard 

Reference Values: < 200 mg/dl. 

2.3.7. Determination of Serum Triglycerides Concentration 

 

     Serum triglycerides were determined by the enzymatic colorimetric method 

for the quantitative in vitro diagnostic measurement using a kit. 

Principle: 

      The method is based on the enzymatic hydrolysis of serum or plasma 

triglyceride to glycerol and free fatty acids (FFA) by lipoprotein lipase (LPL). 

The glycerol is phosphorylated by adenosine triphosphate (ATP) in the presence 

of glycerol kinase (GK) to form glycerol-3-phosphate (G-3-P) and adenosine 

diphosphate (ADP). G-3-P is oxidized by glycerol-phosphate oxidase (GPO) to 

form dihydroxy acetone phosphate (DHAP) and hydrogen peroxide. A red 

chromogen is produced by peroxidase (POD) catalyzed coupling of 

4aminoantipyrine (4-AA) and phenol with hydrogen peroxide (H2O2) 

proportional to the concentration of triacylglycerol in the sample. Serum 

triacylglycerol is measured by using an enzymatic method based on the following 

reactions: 

                           Lipase 

Triglycerides ------------------------►    Glycerol + Free fatty acids 

                                 Glycerol Kinase 

Glycerol + ATP   ------------------------------► Glycerol-3-phosphate + ADP 
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                                           GPO 

Glycerol-3-phosphate + O2 --------------►  Dihydroxyacetonephosphate + H2O2 

                                                     Peroxidase                  

H2O2 + 4-Chlorophenol + 4-AA ---------------------► Quinoneimine + H2O 

  

Table (2-6): Show reagents used of the determination of serum triglycerides  

Reagent Content Concentration 

Reagent 1Buffer 

PIPES 

Magnesium chloride 

Chloro-4-phenol 

Preservative 

100 mmol/l 

9.8 mmol/l 

3.5 mmol/l 

Reagent 2 Enzymes 

4-aminoantipyrin(4-AA) 

Adenosine triphosphate Na (ATP) 

Lipase 

Peroxidase (POD) 

Glycerol-3-phosphate oxidase (GPO) 

Glycerol Kinase (GK) 

0.5 mmol/l 

1.3 mmol/l 

≥1000 IU/l 

≥1700 IU/l 

≥3000 IU/l 

≥660 IU/l 

Reagent 3 Standard 
Glycerol equivalent to triglyceride    

200 mg/dI 
200 ml/dl 

 

Procedure 

Three sets of tubes (serum, standard and blank) were prepared as the following 

table (2-7). 
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                Tubes 

Solutions 
Blank Standard Sample 

 Working Reagent 1 ml 1 ml 1 ml 

Demineralized  water 10 µl -------- -------- 

Standard -------- 10 µl -------- 

Serum -------- ------- 10 µl 

 

2. The solutions were mixed and incubated for at least 5 min at 37 ºC. 

3. The absorbance of samples and standards were measured at wave 

length 500 nm against blank. 

 

Calculation 

                                        Abs. of sample  

Triglyceride (mg/dl) =  --------------------------- × Conc. of standard (200 

mg/dl) 

                                      Abs. of standard 

Reference Values: 35-160 mg/dl. 

 

2.3.8. Determination of Serum High Density Lipoprotein-

Cholesterol Concentration 

   Serum HDL-C was determined by the colorimetric method for the quantitative 

in vitro diagnostic measurement using kit.  

Principle  

     This technique uses a separation method based on the selective precipitation 

of VLDL-C, LDL-C and chylomicrons from specimens by phosphotungestic acid 
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and MgCl2, HDL-Cholesterol obtained in after centrifugation is then measured 

with the Total Cholesterol reagent. Serum HDL-C is measured using the method 

of Burstein (Woo, Simon et al. 1980). 

Reagents 

Table (2-8): Reagents of (HDL-C) determination. 

Reagent Content Concentration 

HDL-Cholesterol R1 
Phosphotungstic acid 

Magnesium Chloride 

13.9 mmoL/L 

570 mmoL/L 

 

Procedure 

A. Precipitation 

1. In order to achieve HDL supernatant, 0.5 ml of the serum was mixed with 

50 μl of HDL reagent. 

2. The solution were mixed well, incubated for 10 min in room temperature, 

then mixed again and centrifuged for 10 min, at 4000 rpm. 

3. After centrifugation, the clear supernatant from precipitate was separated to 

determine the HDL cholesterol concentration. 

B. HDL-C Determination 

1. Three sets of tubes (serum, standard and blank) were prepared for HDL-C as 

in the following table (2-9). 

                Tubes 

Solution 
Sample Standard Blank 

Cholesterol reagent 1 ml 1 ml 1ml 

HDL-C supernatant 25 µl ------- ------ 

Standard (HDL) ------- 25 µl ------ 

Demineralized water -------- ------- 25 µl 
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2. The solutions were mixed and incubated at least for 5 min at 37 ºC. 

3. The absorbance of the sample and standard were measured at wavelength 

500 nm against blank. 

 

Calculation                    

                                                   Abs.of sample  

        HDL-C concentration = -------------------- ×Conc. of standard (100 mg/dl) 

                                                 Abs.of standard 

Reference Values: 35 – 55 mg/dl. 

2.3.9. Calculation the Low Density Lipoprotein-Cholesterol and 

Very Low Density Lipoprotein-Cholesterol Concentration 

 

     The estimation of very low-density lipoprotein cholesterol (VLDL-C) and 

low-density lipoprotein cholesterol (LDL-C) Serum level of LDL-C was 

calculated by Friedwald formula.  Friedwald in 1972 had postulated a formula to 

calculate LDL-C value, which based on the assumption that VLDL-C, is present 

in serum at a concentration that equals to one fifth of triglyceride concentration 

(Kawada, Fujita et al. 2004). Therefore: 

LDL-C = TC- [HDL-C +VLDL]  

VLDL =TG/5 

 Reference Values 

Normal value of LDL-cholesterol less than 100 mg/dl 

Suspicious: 150 mg/dl 

Elevated: 190 mg/dl. 
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2.3.10.Determination ofserum ADAMTS-13Cleaving Protease 

activity. 

Principle 

    This kit is an Enzyme-Linked Immunosorbent Assay (ELISA). The plate has 

been pre-coated with human ADAMTS-13/vWF-cp antibody. ADAMTS-

13/vWF-cp present in the sample was added and binds to antibodies coated on 

the wells. Then, biotinylated human ADAMTS-13/vWF-cp Antibody was added 

and binds to ADAMTS-13/vWF-cp in the sample. Then Streptavidin-HRP was 

added and binds to the Biotinylated ADAMTS-13/vWF-cp antibody. After 

incubation, unbound Streptavidin-HRP is washed away during a washing step. 

Substrate solution was then added and color develops in proportion to the amount 

of human ADAMTS-13/vWF-cp. The reaction was terminated by addition of 

acidic stop solution and absorbance was measured at 450 nm. 

Procedure 

1. All reagents, standard solutions and serum were prepared as instructed. 

Brought all reagents to room temperature before used. The assay was 

performed at room temperature. 

2. Fifty μl standards were added to standard well. Standard solution contains 

biotinylated antibody. 

3. Forty μl serum was added to sample wells and then added 10μl anti-

ADAMTS-13/vWF-cp antibody to sample wells, then added 50μl 

streptavidin-HRP to sample wells and standard wells. Mixed well, and 

covered the plate with a sealer to incubate for 60 minutes at 37 °C. 

4. Removed the sealer and washed the plate 5 times with wash buffer. Soak 

wells with at least 0.35 ml wash buffer for 30 seconds to 1 minute for each 

wash. For automated washing, aspirate all wells and wash 5 times with wash 
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buffer, overfilling wells with wash buffer. Blot the plate on to paper towels or 

other absorbent material. 

5. Fifty μl substrate solution A was added to each well and then added 50μl 

substrate solution B to each well. Incubated plate covered with a new sealer 

for 10 minutes at 37°C in the dark. 

6. Fifty μl Stop Solution was to each well, the blue color will changes into 

yellow immediately. 

7. Determined the absorbance of each well immediately using a microplate 

reader  set to 450 nm within 10 minutes after adding the stop solution. 

Calculation 

     The activity was calculated from the calibration curve. The calibration curve 

has demonstrated a direct relation between concentration and the corresponding 

absorbance. The results have appeared automatically by the ELISA reader 

program from the calibration curve. 

  

 

 

  

   

 

 

  

 

                       Fig. (2-2): Calibration curve of ADAMTS-13 (ng/ml) activity level 
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2.3.11. Determination of Serum Levels of von Willebrand Factor 

Concentration 

     This kit is an Enzyme-Linked Immunosorbent Assay (ELISA). The plate has 

been pre-coated with human vWF antibody. vWF present in the sample was 

added and binds to antibodies coated on the wells. Then, biotinylated human 

vWF Antibody was added and binds to vWF in the sample. Then Streptavidin-

HRP was added and binds to the biotinylated vWF antibody. After incubation, 

unbound Streptavidin-HRP is washed away during a washing step. Substrate 

solution was then added and color develops in proportion to the amount of vWF. 

The reaction was terminated by addition of acidic stop solution and absorbance 

was measured at 450 nm. 

Procedure 

1.All reagents Standards and Serum were Prepared as instructed. Brought all 

reagents to room temperature before used. The assay was performed at room 

temperature. 

2. 50 μl standards were added to standard well. Standard solution contains 

biotinylated antibody. 

3. 40 μl serum was added to sample wells and then added 10μl testing Sample to 

sample wells and standard wells. 

4.Added 50μl streptavidin-HRP to sample wells Mixed well, and covered the 

plate with a sealer to incubate for 60 minutes at 37 °C. 

5. Each wells wereAspirated and washed, repeating the process four times for a 

total of five washes. Washed by filling each well wth Wash Solution (400μl) 

used a squirt bottle, manifold dispenser ar autowasher. Camplete removal af 

liquid at aach step is Esseritial to good performance. After the last wash, remove 

any remaining Wash Solution by aspirating or decanting. Invert the plate and blot 

it against clean paper towels. 
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6. AchromogenTetramethyl benzidin(TMB)  solution A 50μl and chromopen 

splution B50μl were added  to each well Gently mix and incubate for 15 minutes 

at 37"C. Protect from light. 

7. 5oμl Stop Solution was added to each well. The color in the wells should 

change from blue to yellow. If the color in the wels la green or theTolor change 

does not appear uniform, peotty tup the plate to ansure thorough maing. B. 

8. the Optical Density (O.D.) was readed at 450 nm using a microtiter plate 

reader within 15 minutes. 

 

Calculation 

      The concentration was calculated from the calibration curve. The calibration 

curve has demonstrated a direct relation between vWF concentration and the 

corresponding absorbance. The results have appeared automatically by the 

ELISA reader program from the calibration curve. 

 

 

 

 

 

 

 

 

                 

 

         Fig. (2-3) Calibration curve calibration curve of vWF Concentration in (ng/ml) 
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2.3.12. Determination of serum human Vitamin K  

Concentration 

Principle 

     The microtiter plate provided in this kit has been pre-coated with antibody. 

Added standard, samples and HRP conjugated antibody to wells. After 

incubation and washing to remove the uncombined enzyme, added 

chromogen(TMB) solution A and B. The color of the liquid will changed into 

blue. At the effect of acid, the color finally becomes yellow. The color changed is 

measured spectrophotometrically at a wavelength of 450 nm.  

Procedure 

1. All reagents were prepared before starting assay procedure. all standards and 

samples be added to the microelisa stripplate. 

2. Fifty µl of standard was added to set Standard wells, testing sample wells.  

3. Ten µl of serum was added to sample wells then 40 µl of sample diluent was 

added to testing sample well. 

4. A volume of 100 µl of HRP-conjugate reagent were added to each well, 

covered with an adhesive strip and incubated for 60 minutes at 37 °C.  

5. Each well was aspirated and washed, repeating the process four times for a 

total of five washes. Washed by filling each well with Wash Solution (400 

µl) using a squirt bottle, manifold auto washer. Complete removal of liquid at 

each step is essential to good performance. After the last wash, remove any 

remaining Wash Solution by aspirating or decanting. Inverted the plate and 

blot it against clean paper towels. 

6. Fifty µl chromogen solution and chromogen solution B 50ul was added to 

each well. Gently mixed and incubated for 15 minutes at 37 °C.  

7. Fifty µl stop solution was added to each well. The color in the wells should 

changes from blue to yellow.  
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8. Read the absorbance at 450 nm using a microtiter plate reader within 15 

minutes.  

Calculation 

     The concentration was calculated from the calibration curve. The calibration 

curve has demonstrated a direct relation between VK concentration and the 

corresponding absorbance. The results have appeared automatically by the 

ELISA reader program from the calibration curve. 

 

 

 

 

 

 

 

 

 

 

 

                        Fig. (2-4): Calibration curve of Vitamin K Concentration in (pg/mL)        
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2.4. Statistical Analysis 

      Data (represented as Mean ± SD) were analyzed by using the Statistical 

Package for the Social Sciences (SPSS) (version 23).  Independent t- test was 

used to evaluate significant differences between healthy and patients groups. 

Pearson correlation coefficient test was applied to mention the statistical 

relationship (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. 
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3. Results and Discussion 

3.1. Anthropometrics and Characteristics of Patients and Control 

groups 

      The base line characteristics of the study groups are presented in Table (3-1) 

The total of samples were 90 samples and subject groups consisted of 60 

patients with Covid-19, and 30 apparently healthy adults as a control group  to 

compared with patients groups. In variables of age, there is no significant 

difference between the studied groups. There is a significant difference between 

patients and control in BMI. 

Table (3-1): General characteristics of the patients and control group 

Parameters 

Covid-19 patients 

group                            

Mean ± SD 

N = 60 

Healthy group 

Mean ± SD 

N = 30 

P-value 

Gender,  F/M 20/40 11/19 ----- 

Age, (years) 56.89 ± 6. 32 56.48 ± 5.41 N.S 

BMI, ( kg/m
2
) 28.82 ± 4.31 24.46 ± 3.11 0.001 

SBP, (mmHg) 124.73 ± 7.31 123.69 ± 7.02 N.S 

DBP, (mmHg) 70.15 ± 10.27 70.83 ± 6.18 N.S 

    N.: Number of subject. MI: Body mass index, Data represented as Mean ±SD, SD: 

Stander deviation, SBP: Systolic blood pressure, DBP: Diastolic blood pressure F: 

female, M: male, N.S.: Non-significant. 

       

In Table (3-2) a total of Covid-19 patients were included in this study 33 mild, 

15 severe and 12 dead cases .The age and BMI of deceased (death) cases was 

significantly higher when compared with the other cases. 
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Table (3-2): Demographic characteristics of Covid-19 patients groups 

 

Parameters Covid-19 patients group 
 

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/m
2
) 33.19 ± 3.35 30.07 ± 2.18 23.71 ± 5.01 

a=0.01 

b=0.00 

c=0.00 

SBP, (mmHg) 131.62 ± 2.41 130.42 ± 1.63 123.56 ± 3.12 

a=0.07 

b=0.001 

c=0.001 

DBP, (mmHg) 78.03 ± 2.15 77.12 ± 1.31 78.71 ± 1.79 

a=0.06 

b=0.06 

c=0.06 

BMI: Body mass index, Data represented as Mean ± SD, SD: Stander deviation,                

N.: Number of subject. SBP: Systolic blood pressure, DBP: Diastolic blood pressure, a= 

Deceased × Severe, b= Deceased × Mild, c= Severe × Mild. 

      The aging immunity, there are several other factors related to aging that 

could be reasons for higher mortality and morbidity in the elderly. The average 

number of comorbid conditions steadily increased with age and elderly Covid-

19 patients had a significantly higher performance score than young and 

middle-aged patients (Kim, Whitaker et al. 2020). Another well-recognized 

feature of aging immunity is chronic subclinical systemic inflammation, also 

known as inflammation. Inflammation is a key pathogenic mechanism in Covid-

19; hence, inflammation has been estimated to contribute to the poorer outcome 

in elderly patients with Covid-19 (Bonafè, Prattichizzo et al. 2020). 
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      Sex differences in both the innate and adaptive immune systems have been 

previously reported and may account for the female advantage in Covid-19. 

Within the adaptive immune system, females have higher numbers of CD4+ T 

cells more robust CD8+ T cell cytotoxic activity, and increased B cell 

production of immunoglobulin compared to males (Ciarambino, Para et al. 

2021).    

      The male gender is also characterized by an intrinsic tendency to meta-

inflammation Compared to the female sex. The cumulative affect of the old it 

likely results in age, male gender, and obesity a case of progressive meta-

inflammation that leads to dysregulation and it distorts the immune system in 

the face of a perfect inflammatory cell storm. In agreement with this the concept 

of targeted inflammatory treatment strategies a response such as IL-6 blockade 

(Mauvais-Jarvis 2020). Or implantation from mesenchymal stem cells  are 

showing some promising initial results in preventing a cytokine storm (Zhang, 

Wang et al. 2020). Advanced age, male sex, and the presence of multiple 

comorbidities have been clearly identify as major risk factors for the 

development of severe Covid-19 (Yan, Zhou et al. 2021).  

   This fact could be influenced by both the physiological aging process and, 

especially, the greater prevalence in older adult patients of frailty and 

comorbidities that contribute to a decrease in functional reserve that reduces 

intrinsic capacity and resilience and hinders the fight against infections 

(Bonanad, García-Blas et al. 2020). 

      In immunopathology, vulnerability to an infection in the elderly is usually 

explained by immunosenescence  (Barbé-Tuana, Funchal et al. 2020). 

Immunosenescence is quite complicated. Briefly, in old age, the production of 

naïve T and B cells decreases, and the function of innate immune cells is 

impaired; hence, cells involved in the innate immunity do not get activated 

efficiently during an infection, and progression to an adaptive immune response 

does not occur in a coordinated manner (Aiello, Farzaneh et al. 2019).     
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   Obesity increases the duration of virus shedding of influenza a virus. Based on 

currently available information and clinical expertise, the centers for disease 

control and prevention has identified severe obesity (i.e., BMI around 40 kg/m²) 

as a common clinical risk factor for worse prognosis and higher mortality in 

patients with coronavirus disease 2019 (Covid-19) infection. Furthermore, any 

degree of obesity (BMI 30 kg/m²) has been associated with poor prognosis in 

patients with Covid-19 (Kompaniyets, Goodman et al. 2021). 

            Hypertension was the most common comorbidity found in hospitalized 

patients with Covid-19infection. Previous studies have reported a higher risk of 

all-cause mortality in Covid-19 patients with concomitant hypertension (Zhong, 

Zhao et al. 2020). Hypertension was also the most common comorbidity in ICU 

patients in Lombardy, Italy (49%) and hospitalized Covid-19 patients in New 

York, USA (56.6%) (Lam, Chow et al. 2020). 

      The current results suggest that high SBP and unstable SBP/DBP control 

were independently associated with greater risks of adverse outcomes, including 

mortality, ICU admission, and heart failure, in all Covid -19 patients. The 

findings provide important evidence for the clinical management of Covid-19 

patients  ( Umishio, Ikaga et al. 2021). 

     Therefore, health care institutions should also play close attention to the mild 

patients, identify progresses early, and provide appropriate treatment to reduce 

mortality. As reported in a recent article (Zhu, Zhang et al. 2020). Severe 

Covid-19 patients were older and were more likely to have underlying disease, 

which is consistent with our study. Non severe patients who progressed to 

severe cases were older and had a higher probability of having underlying 

diseases. In terms of the symptoms, patients who progressed from non-severe to 

severe were more likely to have shortness of breath. Several published articles 

have also reported a higher rate of shortness of breath in severe Covid-19 

patients (Wang, Hu et al. 2020). Although these exacerbated patients felt 

dyspnea at an early stage, their blood oxygen saturation did not reach the 
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standard of severe cases, which may be explained by the compensatory effect of 

faster breathing. 

3.2. Biochemical Markers and Covid-19 Patients 

3.2.1. Role of Lipid Profile Levels as a Risk Index in Covid-19 

     In table (3-3), the data observed demonstrated a significant increase in serum 

levels of TG, VLDL-C, CRI-1, CRI-11, AIP,  except levels of HDL-C, TC, ;and 

LDL-C which a  lower significantly in patients infected with coronavirus group 

compared with healthy group. 

Table(3-3):Comparisons of lipid profiles between theCovid-19 and healthy group 

Parameters 
Covid-19 Patients group                  

Mean ± SD                                    

N = 60 

Healthy group 

Mean ± SD                        

N = 30 

P-value 

TG,  (mg/dl) 242.78 ± 60.21 110.4 ± 57.66 0.000 

TC, (mg/dl) 110.98 ± 21.34 124.5 ± 36.27 0.000 

LDL-C, (mg/dl) 39.63 ± 7.88 61.38 ± 14.09 0.000 

VLDL-C, (mg/dl) 48.55 ± 10.28 21.51 ± 9.01 0.000 

HDL-C, (mg/dl) 15.17 ± 5.69 45.11 ± 14.05 0.000 

CRI-1 (TC/HDL-C) 4.91 ± 1.17 2.30 ± 0.68 0.000 

CRI-11(LDL-C/HDL-C) 1.77 ± 0.87 1.119 ± 0.50 0.01 

AIP (log TG/HDL-C) 1.025 ± 0.43 0.401 ± 0.19 0.000 

Data represented as Mean ± SD: Standard deviation, TG: Triglyceride, HDL-C: High-

density lipoprotein cholesterol, LDL-C: Low density lipoprotein-cholesterol VLDL.C: 

Very Low-Density Lipoprotein- Cholesterol, TC: Total cholesterol, CRI-1: (TC/HDL) 

Castelli Risk Index, CRI-11: (LDL/HDL) Coronary risk index, AIP :( log TG/HDL) 

Atherogenic index.    Significant at P≤0.01, ns = not significant, independent t-test, df = 88. 

        Table (3-4) shows the categories of Covid-19 patients groups. The TG, TC 

and VLDL-C and athrogenic index of non-survived cases higher significantly 

when compared with the other cases. 
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Table (3-4): Comparison of the serum lipid profiles in various group patients studied. 

 

Parameters 

Covid-19 patients group  

P-value 
Deceased      N 

= 12                             

Severe           

N = 15     

Mild                    

N = 33 

TG, (mg/dl) 251.03 ± 80.11 246.61 ± 73.03 230.73 ± 71.6 

A= 0.01 

B= 0.01 

C= 0.01 

TC, (mg/dl) 

 

120.03 ± 30.12 

 

115.13 ± 10.11 

 

97.83 ± 5.18 

A= 0.02 

B= 0.001 

C= 0.001 

LDL-C, (mg/dl) 45.24 ± 5.18 24.42 ± 3.97 21.01 ± 2.18 

A= 0.02 

B= 0.001 

C= 0.001 

VLDL-C, (mg/dl) 50.20 ± 14.13 49.32 ± 16.28 46.146 ± 12.03 

A= 0.06 

B= 0.05 

C= 0.07 

HDL-C, (mg/dl) 20.71 ± 6.89 22.90 ± 7.34 24.82 ± 2.02 

A= 0.07 

B= 0.05 

C= 0.03 

CRI-1 (mg/dl) 5.79 ± 1.63 5.02 ± 1.01 3.94 ± 1.18 

A= 0.02 

B= 0.001 

C= 0.001 

CRI-11(LDL-C/HDL-C) 2.37 ± 0.79 1.87 ± 1.06 1.082 ± 1.14 

A= 0.001 

B= 0.001 

C= 0.05 

AIP (log TG/HDL-C) 1.083 ± 0.68 1.032 ± 0.49 0.968 ± 0.20 

A= 0.06 

B= 0.01 

C= 0.01 

Data represented as mean ± SD, TG: Triglyceride, HDL-C: High-density lipoprotein 

cholesterol, LDL-C: Low density lipoprotein-cholesterol VLDL ; C: Very Low-Density 

Lipoprotein- Cholesterol, TC: Total cholesterol ; F: female ; M: Male ; A= p value (non-

survived + severe) ; CRI: (LDL-C/HDL-C coronary risk index ; AIP: (log TG/HDL-C) 

atherogenenic index ; B= p value (non-survived + moderate) ; C = p value (severe + 

moderate) 
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     Interestingly, the studies by Wei et al. in 2020 have specifically shown that 

low HDL-C levels were associated with severe Covid-19 disease. However, the 

heterogeneity reported in these two studies, which included mild, severe and 

critical patients and ICU and non-ICU patients, does not allow for direct 

comparisons with our specific severe Covid-19 ICU (Wei, Hu et al. 2020) . 

     Cholesterol is also a signaling molecule regulates its synthesis, the cell cycle 

and can modify proteins, due to its versatile roles and involvement in numerous 

physiological processes, the organism must maintain the cholesterol 

homeostasis unless its excess could be potentially toxic. This is achieved by 

sophisticated regulation of de novo synthesis of cholesterol (Praksch, Sandor 

et al. 2019). 

      In particular, they are involved in fusion of the viral membrane to the host 

cell, viral replication, as well as endocytosis and exocytosis (Sumi and Harada 

2020). Cholesterol and lipid rafts play an especially fundamental role in the 

early stage of cell infection (Fecchi, Anticoli et al. 2020). Thus that  the 

cholesterol may play an essential role not only in viral replication and 

internalization, but also in immune activation (Chu, Chan et al. 2020). 

     Viral infections cause alterations of lipid biomarkers in their hosts, leading to 

disrupted cholesterol rafts. This helps them in infiltrating the host defenses. 

Also, the depressed lipid parameters can be a predictor for the severity of 

Covid-19 disease, however, in current study HDL-C, LDL-C, and TC were 

significantly depressed, In contrast to these investigations, a preprint reports 

significantly increased levels of LDL-C compared to control groups and a 

positive relationship of Covid-19 severity with elevated lipid profile alterations 

(Malik, Ishaq et al. 2021).    

      In Covid-19, a surge in pro-inflammatory cytokines confers the presence of 

systemic inflammation. HDL-C can deactivate this inflammatory cascade by 

inhibiting the activation of monocytes and neutrophils while maintaining an 
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antioxidant function, allowing for the removal of oxidized lipids and 

neutralizing oxidative factors. This, in turn, mitigates inflammatory response in 

the host cells (Stasi, Franzin et al. 2021). 

     During systemic inflammation, HDL-C can be oxidized (Roccaforte, Daves 

et al. 2020). In this study it has been shown that HDL-C, TC levels in Covid-19 

patients were significantly lower during active infection than in healthy 

subjects. These decreased levels were due to the involvement of these 

lipoproteins in regulation of immune cells during Covid-19 infection. 

   Lipoproteins play an important role in vasodilatation and in reducing LDL 

oxidation, thrombosis, apoptosis, inflammation and infection. Besides being an 

anti- inflammatory lipoprotein with protective effects against lipid oxidation, 

HDLs negatively regulate T-cells activation and expression of inflammatory 

mediators in macrophages and dendritic cells (Voloshyna, Hussaini et al. 

2012). 

     In serum of patients with Covid-19, the sharply elevated values of pro-

inflammatory cytokines indicate the presence of systemic inflammation 

(Gruber, Patel et al. 2020). HDLs inhibit the expression of adhesion molecules 

by the endothelium in response to inflammatory cytokines and inhibit the 

adhesion of monocytes to the endothelium. They also inhibit the activation of 

monocytes, reduce their secretion of pro-inflammatory cytokines, inhibit 

activation and diagenesis of neutrophils (DeGoma, degoma et al. 2008). 

    During a cytokine storm in Covid-19, HDL and LDL-C are oxidized, leading 

to an up-regulation of immune activation based on the immunomodulatory 

mechanism of HDL, consider immune regulation in Covid-19 as the primary 

cause for decreased lipid levels in Covid-19, HDL and LDL-C (Feingold 2020). 

These direct anti-inflammatory and an enhancement of antioxidant functions, 

which would allow removal of oxidized lipids and neutralization of some 

oxidative mediators, thus further mitigating the local inflammatory response. 
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showed that the incubation of endothelial cells with TNFα is effective to 

stimulate the expression of adhesion molecules which mediates adhesion and 

diapedesis of monocytes and other leukocytes within the arterial wall (degoma, 

Leeper et al. 2008). 

3.2.2. Comparison of Complete Blood Count, D-dimer and 

Ferritin Levels in Covid-19 Patients and Apparently 

Control Group 

      In table (3-5) revealed the data analysis which showed a significantly higher 

presence in serum D-dimer, ferritin levels the percentage of neutrophils on 

lymphocytes and platelets, There was a increase in the number of neutrophils 

and an decrease in lymphocytes. 

Table (3-5): Complete blood count, D-dimer and Ferritin in Covid-19 Patients as 

compared with control group. 

Parameters 

Covid-19 patients 

group Mean ± SD                         

N = 60 

Healthy group 

Mean ± SD                   

N = 30 

P-value 

PLT% 250.74 ± 57.33 257.3 ± 21.11 0.05 

NEUT% 84.30 ± 7.84 45.31 ± 9.83 0.000 

LYM% 10.21 ± 2.81 23.85 ± 6.91 0.000 

NLR 8.26 ± 3.69 1.79 ± 0.87 0.000 

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 

Data represented as mean ± SD: Standard deviation, LYM: Lymphocyte, NEUT: 

neutrophil, NLR: Neutrophil/ Lymphocyte ratio, PLT: Platelet. 
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     In Table (3-6) the values of neutrophil, D-dimer and Ferritin levels in 

deceased (death) and severe cases showed a higher significent when compared 

with the mild case. 

Table (3-6): Comparison between levels of complete blood count, D-dimer and 

ferritin levels in various groups of coronavirus patients. 

 

Parameters 

Covid-19 patients groups  

P-value 
Deceased         

N = 12                             

Severe              

N = 15     

Mild                    

N = 33 

PLT% 157.73 ± 60.31 279.99 ± 40.11 314.45 ± 55.70 

a=0.000 

b=0.00 

c=0.001 

NEUT% 93.03 ± 4.78 81.01 ± 9.84 78.81 ± 9.79 

a=0.001 

b=0.000 

c=0.02 

LYM% 10.10 ± 2.13 10.29 ± 2.37 10.24 ± 3.11 

a=0.06 

b=0.06 

c=0.08 

NLR 9.21 ± 2.86 7.87 ± 1.65 7.69 ± 4.00 

a=0.000 

b=0.000 

c=0.06 

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 700.29±1409.71  1187.34 ± 692.50 648.79 ± 399.94 

a=0.000 

b=0.000 

c=0.000 

Data represented as Mean ± SD: standard deviation ; LYM: lymphocyte ; NEUT: 

neutrophil ; NLR: neutrophil/ lymphocyte ratio ; PLT: Platelet; a= p-value (deceased + 

severe) ; b = p-value (deceased + mild) ; c= p-value (severe + mild). 

    This study focused on the value of inflammatory markers and immune cell 

counts to predict the severity of Covid-19.  
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     Corona virus disease 2019 is a systemic infection with a significant impact 

on the hematopoietic system and hemostasis. Lymphopenia may be considered 

as a cardinal laboratory finding, with prognostic potential. 

Neutrophil/lymphocyte ratio and peak platelet/lymphocyte ratio may also have 

prognostic value in determining severe cases (Guéant, Guéant‐Rodriguez et 

al. 2021). 

       During the disease course, longitudinal evaluation of lymphocyte count 

dynamics and inflammatory indices, including LDH, CRP and IL-6 may help to 

identify cases with dismal prognosis and prompt intervention in order to 

improve outcomes. Biomarkers, such high serum ferritin have also emerged as 

poor prognostic factors. Furthermore, blood hypercoagulability is common 

among hospitalized Covid-19 patients. Elevated D-Dimer levels are consistently 

reported, whereas their gradual increase during disease course is particularly 

associated with disease worsenin (Santos, Morales et al. 2020).  

      Covid-19 infected patients, whether hospitalized or ambulatory, are at high 

risk for venous thromboembolism, and an early and prolonged pharmacological 

thromboprophylaxis with low molecular weight heparin is highly 

recommended. Last but not least, the need for assuring blood donations during 

the pandemic is also highlighted (Cheung, Quiwa et al. 2020). 

     In the current results for Covid-19 patients group generally present with 

decreased lymphocyte numbers in peripheral blood, which is particularly 

pronounced in severe cases T cells appear to be the most affected lymphocyte 

subset. In agreement with these observations, found decreased numbers of 

lymphocytes in the present of Covid-19 patients. In addition to lymphopenia, 

Covid-19 patients typically display increased concentrations of inflammatory 

cytokines in serum, especially in severe cases (Brito, Lima et al. 2021).  

      Due to the high risk of thrombosis, heparin prophylaxis has been 

recommended for all adolescents and adults hospitalized with Covid-19. 
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Heparin-induced thrombocytopenia (HIT), a well-known clinical entity 

occurring 5–14 days after heparin exposure, is an important differential for 

patients presenting with thrombocytopenia after hospitalization (Bonafè, 

Prattichizzo et al. 2020). 

     Patients who received ICU care had numerous laboratory abnormalities. The 

abnormalities in CBC for Covid-19infection may be associated with cellular 

immune deficiency, coagulation activation, myocardia injury, hepatic injury, 

and kidney injury. The strong association between patients’ clinical outcome 

and increase of neutrophil counts was a biologically and clinically relevant 

finding of present study and the reasons for that are manifold (Wenling, 

Junchao et al. 2020). 

     Extremely high ferritin levels are the hallmark of hyper ferritinemic 

syndromes, which is an umbrella term for macrophage activation syndrome, 

catastrophic antiphospholipid syndrome, adult onset Still's disease, and septic 

shock (Colafrancesco, Alessandri et al. 2020) . 

     Ferritin estimation and significence in Covid-19 infections whether its 

pneumonia, haemophagocytic lymphohistiocytosis, lymphopenia, cytokine 

storm or simple bleeding disorders after progression of Covid-19 infections, 

several significant studies reported the importance of Ferritin as one of the bio-

markers that’s been elevated considerably whenever there is disease severity 

and/or progression. It was well reported that patients admitted to Intensive care 

units (ICUs) after developing Covid-19 complications exhibit more severe 

alterations of pro-inflammatory markers such as PCT, DD, CRP, IL and Fer 

(Leisman, Ronner et al. 2020). 

     In general, highly elevated ferritin levels portend poor prognoses in 

hospitalized patients. There are multiple studies correlating elevated ferritin 

levels and other pro-inflammatory markers in Covid-19 with poor outcomes 

(Zhang, Zhao et al. 2020). Previous efforts in treating Covid-19 include 
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trialing various anti-inflammatory biologic agents to inhibit this robust immune 

response (Singh and Singh 2020). 

    Serum ferritin, a feature of hemophagocytic lymphohistiocytosis, which is a 

known complication of viral infection, is closely related to poor recovery of 

Covid-19 patients, and those with impaired lung lesion are more likely to have 

increased ferritin levels (Huang, Li et al. 2020). The development and 

progression of cardiovascular disease and elevated levels of fibrinogen and D-

dimer have been associated with an increased risk of cardiovascular disease 

(Bennett, Lane et al. 2008). 

   An increased risk of venous thromboembolism (VTE) in patients with Covi-

19 pneumonia admitted to intensive care unit (ICU) has been reported. Whether 

Covid-19 increases the risk of VTE in non-ICU wards remains unknown. In 

patients admitted with Covid-19 pneumonia and elevated D-dimer levels, the 

incidence of asymptomatic DVT is similar to that described in other series? 

Higher cut-off levels for D-dimer might be necessary for the diagnosis of DVT 

in Covid-19 patients (Demelo-Rodríguez, Cervilla-Muñoz et al. 2020). 

   The mechanisms responsible for the association of hyperferritinemia and 

disease severity in patients with Covid-19 are unclear, but there are several 

possibilities for this phenomenon included proinflammatory cytokines such as 

interleukin-Iβ (IL-lβ), tumor necrosis factor-a (TNF-α), and IL-6 may increase 

ferritin synthesis (Gómez-Pastora, Weigand et al. 2020). Hence,speculated 

that Covid-19-induced production of proinflammatory cytokines (i.e., IL-6, 

TNF-α), which are known to be elevated in Covid-19, might promote ferritin 

synthesis early in inflammation. Also, the cellular damage derived from 

inflammation can promote the leakage of intracellular ferritin, thus elevating 

serum ferritin (Lin, Long et al. 2020).  

     In acidosis, the microvascular environment and increased production of 

reactive oxygen species (ROS) might liberate iron from ferritin, and it is this 
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unliganded iron that can participate in Haber-Weiss and Fenton reactions, 

creating hydroxyl radicals, causing further cellular damage,8 and worsening 

tissue injury, thus causing a vicious cycle of inflammation. Similarly, one study 

found that the assembly of Middle East Respiratory Syndrome (MERS) 

coronavirus nanoparticles is related to chaperonemediated ferritin ((Jayaraj, 

Kumarasamy et al. 2020). 

   Serum levels elevation upon admission was common and was associated with 

both increased disease severity and in-hospital mortality. D-dimers are one of 

the fragments produced when plasmin cleaves fibrin to break down clots. The 

assays are routinely used as part of a diagnostic algorithm to exclude the 

diagnosis of thrombosis (Linkins and Takach Lapner 2017). 

      However, any pathologic or non-pathologic process that increases fibrin 

production or breakdown also increases plasma D-dimer levels though D-dimer 

elevation has been observed in articles describing the clinical features of Covid-

19, whether the level of D-dimer is a marker of severity has not been examined 

(Yao, Cao et al. 2020). Level of D-dimer levels and disease severity stratified 

by the area of affected lungs on chest CT, oxygenation index, as well as clinical 

staging according to the interim guideline. In addition, a higher percentage of 

D-dimer elevation was seen in the present study than previously reported D-

dimer is a byproduct of fibrin degradation (Mishra, Pathak et al. 2020). 

Moreover, some authors have suggested a particularly high frequency of 

thromboembolic events, including fatal pulmonary embolism (Artifoni, Danic 

et al. 2020). Use of heparin was associated with reduced mortality in Covid-19 

patients, suggesting that thromboembolism prophylaxis is critical in the 

management of Covid-19 (Fei, Tang et al. 2020). 
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3.2.3. Comparisons between vWF and ADAMTS-13 Levels in 

Patients and Apparently Healthy Groups 

     The data analysis demonstrated in table (3-7) a significant increase in the 

levels of serum vWF and decreased level of serum ADAMTS13 in Covid-19 

patients compared with the healthy group. 

Table (3-7): Comparisons of serum lvWF, and ADAMTS-13 levels between 

Covid-19 patients group and healthy groups 

 

Parameters 
Patients group                

N = 60                 

Mean ± SD 

Healthy group 

N = 30 

Mean ± SD 

 

P-value 

vWF (ng/ml) 355.20 ± (44.45) 205.07 ± (20.98) 0.0001 

ADMTS-13 (ng/ml) 19.92 ± (9.44) 37.10 ± (7.48) 0.0001 

** Significant at P≤0.01, independent t-test, df=88. 

       In Table (3-8) the values of vWF, ADAMTS-13 levels in deceased and 

severe cases shown a higher significant of vWF levels when compared with the 

mild case. 

     To the best of our knowledge, this results is the first study conducted in Iraq 

in group of COVID-19 patients showing a statistically significant association 

between serum levels of vWF, and ADAMTS-13 with the In some patients, 

Covid-19infection.  In normal blood vessels, the endothelial cell (EC) 

monolayerlining blood vessel functions to prevent pathological thrombosis. 

Data from autopsy study in Covid-19have identified marked EC apoptosis, 

together with loss of EC tight junction integrity in the pulmonary 

microvasculature (Wichmann, Sperhake et al. 2020). 
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Table (3-8): Comparison of serum vWF, and ADAMTS-13 levels in various 

Covid-19 patients with healthy group. 

 

Parameters 

Covid-19 patients group  

P-value 
Deceased      

N = 12 

Severe           

N = 15 

Mild              

N = 33 

vWF (ng/ml) 392.01 ± 35.22 354.11 ± 21.54 320.01 ± 24 

a= 0.1 

b= 0.01 

c= 0.03 

ADAMTS-13 

(ng/ml) 
15.09 ± 2.49 17.98 ± 4.35 23.78 ± 10.71 

a= 0.01 

b= 0.01 

c= 0.01 

Data represented as Mean ± SD: standard deviation ; a= p-value (deceased + severe) ;      

b = p-value (deceased + mild) ; c= p-value (severe +mild) 

         In vivo, vWF biosynthesis is limited to EC and megakaryocytes (Lenting, 

Christophe et al. 2015). The vWF was synthesized within megakaryocytes is 

stored within the a-granules of their platelet progeny. Conversely, vWF 

synthesized in EC is either constitutively secreted into the plasma, or else stored 

within Weibel–Palade bodies (WPB). This stored vWF can then besecreted 

following EC activation, thereby facilitating tethering of platelets and 

leucocytes to the vessel wall. Importantly, ultra-large vWF multimers have been 

shown to play a critical role in the pathogenesis underlying microvascular 

occlusion in several conditions including thrombotic thrombo cytopenic purpura 

(TTP), cerebral malaria and sickle cell disease (Larkin, de Laat et al. 2009). 

      In some patients, Covid-19infection leads to a severe bilateral pneumonia 

and significant hypoxia that is refractory to standard treatments. Coagulation 

activation is a hallmark of severe Covid-19 (Vahabi, Salehi et al. 2021).This 

coagulopathy develops at a relatively early stage. Consequently, D-dimer levels 

are often significantly elevated at time of initial presentation and represent an 
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independent marker for poor clinical outcome (Fogarty, Townsend et al. 

2020). 

    Consistent with coagulation activation, high ratesof deep vein thrombosis and 

pulmonary embolism have beenassociated with severe Covid-19infection, 

particularly in patients requiring intensive care unit (ICU) support (Klok, Kruip 

et al. 2020). In addition to these macrovascular complications, accumulating 

evidence suggests that microvascular occlusion within the lungs plays a critical 

role in Covid-19 pathogenesis.   Importantly, post-mortem studies have shown 

widespread microthrombi throughout the pulmonary vasculature in patients with 

fatal Covid-19 (Wichmann, Sperhake et al. 2020). 

     The importance of ADAMTS-13 activity is evidenced by the severe 

condition of patients with thrombotic thrombocytopenicpurpura (TTP), which is 

characterized by a deficiency in, or the presence of neutralizing antibodies to, 

ADAMTS-13. The thrombotic manifestations in patients are related to 

circulating ultra large vWF multimers, which spontaneously bind and aggregate 

platelets (Joly, Coppo et al. 2017).
 

   Covid-19infection is characterized, among other features, by a prothrombotic 

state with high D-dimer, Clinical observations have also highlighted that these 

patients have elevated vonWillebrand factor (vWF) and decreased level of 

ADAMTS-13. It affects primarily the respiratory system, but can also involve 

the cardiovascular, gastrointestinal and haematological systems. Autopsy 

reports of Covid-19cases have revealed alveolar exudative inflammation, 

epithelium proliferation, interstitial inflammation and hyaline membrane 

formation in the lungs.  Pathological lesions were also seen in other organs such 

as heart,  vessels, liver and kidney (Yao, Li et al. 2020). The most characteristic 

finding in non survivors with Covid-19was diffuse alveolar damage, which was 

accompanied by extensive microvascular thrombosis in lungs and extra-

pulmonary organs (Zhang, Sun et al. 2020). Megakaryocytes have been 
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identified within the small vessels and alveolar capillaries identified by CD61 

and vWF immunostains (COVID 2020). 

      The rate of venous thromboembolism (VTE) in critically ill hospitalized 

patients is 10% (Cade 1982). However, early studies show that the incidence of 

VTE in patients with severe novel coronavirus pneumonia can be as high as 

25% (Cui, Chen et al. 2020). Early case reports have described an association 

between Covid-19and venous thromboembolic events (Danzi, Loffi et al. 

2020). 

     The founded treatment with prophylactic heparin (lower molecular weight 

heparin or unfractionated heparin) was associated with a reduced 28-day 

mortality in severe Covid-19 (Pavoni, Gianesello et al. 2020). 

     Recently published a multicenter prospective in France, assessing thrombotic 

risk in Covid-19 patients, which showed that factor VIIIc was considerably 

increased in Covid-19 patients  (Tang, Bai et al. 2020). Interestingly, examined 

those admitted to ICU and ventilated, there was no statistically significant 

difference in vWF and factor VIIIc levels between ventilated versus non-

ventilated patients. The current results extend these high vWF levels to those 

who are receiving general and high dependency care (Ladikou, 

Sivaloganathan et al. 2020). Also reported that Covid-19 is characterized by 

hyper-coagulability with a severe inflammatory state. Their results confirmed 

higher mean levels of vWF and factor VIIIc, 529 U/dl and 297 U/dl respectively 

(Panigada, Bottino et al. 2020). 

    It remains unclear whether this observed coagulopathy is the case for other 

infections, such as sepsis or viral pneumonias, as well. High levels of D-Dimers 

have been previously associated with 28-daymortality in patients presenting to 

the emergency department with sepsis who investigated vWF and related 

parameters in severe sepsis and septic shock (Ladikou, Sivaloganathan et al. 

2020). Their results showed that the median vWF antigen was significantly 

higher in patients compared to controls (P<0.001); however, this did not 
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correlate with disease severity, organ dysfunction or outcome (Kremer 

Hovinga, Zeerleder et al. 2007). 

     Von willebrand factor has three main functions: binding to collagen in the 

wounded sub-endothelial matrix, binding to glycoprotein-1bonplatelets, and 

carrying then subsequently delivering coagulation factor VIII (FVIII) to the 

surface of activated platelets bound to wounded endothelium (Sadler 2005). 

    Whether the increased vWF reported in Covid-19 is a result of increased 

production, abnormal and/or increased release, or decreased destruction is 

unclear. Since ADAMTS13 ,a  vWF-cleaving protease,  plays a key role in 

regulating both vWF quantity and multimer size, analysis of this enzyme would 

be important in elucidating the pathophysiology of Covid-19coagulopathy 

(Escher, Breakey et al. 2020, Martinelli, Montagnana et al. 2020).  

      In addition, ADAMTS-13 activity is not expected to significantly decrease 

in acute inflammation, the majority of Covid-19patients had decreased 

ADAMTS-13activity, indicating a profound endothelial dys-regulation or an 

intrinsic ADAMTS-13 activity deficiency. Possible mechanisms of ADAMTS-

13 activity deficiency include decreased production, inhibition, or consumption 

of ADAMTS-13. About 12% of patients in prior had ADAMTS-13 activity 

levels less than 30% but none had detectable anti-ADAMTS-13 antibodies 

(Sweeney, Barouqa et al. 2021). 

          Indeed, elevated vWF antigen and activity levels, D-dimer levels, FM 

levels along with moderately reduced ADAMTS-13 activity levels is a 

repertoire of hallmarks shared by critical illnesses that result in severe 

microvascular endothelial cell injuries (Schwameis, Schörgenhofer et al. 2015, 

Smeets, Fijnheer et al. 2018). 

   Thrombocytopenia is not common in Covid-19and was not directly associated 

with low ADAMTS-13 activity levels. Also, lack of severe ADAMTS-13 

activity deficiency (only two patients had ADAMTS-13 activity <10%) and lack 

of anti-ADAMTS-13 antibodies in patients excludes thrombotic 

thrombocytopenic purpura (TTP). Prior studies found a high D-dimer levels 
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with LDH activity and the occasional finding of fibrin strands in peripheral 

blood suggests that high D-dimer levels may be a direct product of small vessel 

thrombosis (arterial and venous), which have been documented in Covid-

19autopsies (Ackermann, Verleden et al. 2020). Microvascular thrombosis 

leads to ischemic end-organ damage, most commonly affecting kidneys, but 

other organs can also be affected. Covid-19primarily manifests as respiratory 

failure, however, renal and cardiovascular complications are common in Covid-

19,high D-dimer levels, coagulation factor consumption, platelet consumption, 

and anemia along with multiple organ damage are hallmarks of DIC (Schutte, 

Thijs et al. 2016). 

    ADAMTS-13 treatment ameliorates inflammatory responses, demyelination 

and disease course. Therefore, our study suggests that ADAMTS-13 may 

represent a potential therapeutic strategy for MS patients (Lu, Liu et al. 2020).    

Serum level of vWF is an interesting target for primary or secondary prevention 

of cardiovascular diseases particularly in high-risk patients (Firbas, Siller-

Matula et al. 2010). Numerous epidemiologic studies have established that an 

excess of vWF predicts an increased risk for both stroke  and stroke mortality 

(Catto, Carter et al. 1997). Conversely, deficiency of vWF may protect against 

cardiovascular disease or stroke (Seaman, Yabes et al. 2015). The von 

Willebrand disease patients with average vWF levels of 24% had a 35% to 67% 

reduced risk for ischemic stroke when compared to controls, suggesting that 

partial inhibition of vWF could be protective in the stroke-prone population 

(Sanders, Eikenboom et al. 2013). The underlying patho-physiologic 

mechanism of large artery atherosclerosis stroke is likely shear and vWF 

dependent platelet thrombus formation in the setting of atherosclerotic stenosis 

(Denorme and De Meyer 2016). Importantly, vWF and platelet rich thrombi 

are more resistant to thrombolysis and are associated with poorer outcome after 

revascularization in stroke patients (Douglas, Fitzgerald et al. 2020). At one 

end extracellular vWF binds to exposed collagen, that found in ruptured 

plaques, via its A3 domain, and at the other end vWF uses its A1 domain to 
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bind to platelet, thus serving as a bridge between collagen and platelets 

(Gardiner and Andrews 2014). Therefore, vWF is a key player in mouse 

models of acute stroke (De Meyer, Schwarz et al. 2010).  

    Notably, the effects of P2Y12-receptor and GPIIb/IIIa inhibitors or aspirin, 

particularly when measured under pathophysiological relevant high shear rates, 

are compromised in conditions where vWF levels are increased (Spiel, 

Derhaschnig et al. 2012). 

     Von willebrand factor release during endotoxemia partly antagonized the 

inhibitory effect of prasugrel. Similar results were obtained for aspirin or nitric 

oxide coupled aspirin (Derhaschnig, Schweeger-Exeli et al. 2010). 

Furthermore, the desmopressin induced vWF release accelerated the 

normalization of the prolonged CADP-CT by GPIIb/IIIa inhibitors (plus L-

aspirin. This means that the efficacy of GPIIb/IIIa inhibitors, similar to aspirin 

or prasugrel, will be limited in cases of increased circulating vWF. Similar to 

previous observations, the apparent platelet inhibition by aspirin was mitigated 

in the presence of physiological calcium concentrations (Kovacevic, Buchtele 

et al. 2020). 

     Finally, the obtained results concluded that a new associative data supporting 

that endotheliopathy and dys-regulated immune responses are involved in 

respiratory through microvascular damage in patients with severe Covid-19.The 

marker of endothelial damage such as vWF and level of ADAMTS-13 increased 

in Covid-19 hospitalized patients. These markers were even higher levels of 

vWF and lower level of ADAMTS-13 in intensive care unit patients and 

correlated with severity and mortality. In patients with severe Covid-19 the 

degree of endotheliopathy at intensive care unit admission is associated with 

different organ dysfunctions even after adjustment for other risk factors, age, 

sex, and body mass index further underlining the direct involvement of 

endotheliopathy in organ failure. The vWF released from damaged endothelial 

cells interacts with neutrophil extracellular traps released from neutrophils and 
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could play a major role as a scaffold for thrombus formation in Covid-19 

pathophysiology. 

3.2.4. Comparison of Vitamin K Levels between Covid-19 Patients 

and the Apparently Control Grops. 

   As revealed in table (3-9) a significant decrease in the level of vitamin K in 

Covid-19 patients group compared with the control group. 

Table (3-9): Comparison of Vitamin K level between Covid-19 patients group 

and healthy group 

Parameters 

Covid-19 patient group 

Mean ± SD                                        

N = 60 

Healthy group 

Mean ± SD                            

N = 30 

P-value 

Vit.K, )pg/ml) 614.32 ± 106.76 1198.9 ± 151.59 0.001 

Data represented as Mean ± SD: standard deviation 

   In Table (3-10) Categories of Covid-19patients found low levels in non-

survived and severe cases compared with mild case. 

Table (3-10): Comparison of serum vitamin K level in various Covid-19 patients 

groups 

Parameters 

Covid-19 patients groups 

P-value 
Deceased                          

N = 12 

Severe                           

N -= 15 

Mild                                 

N = 33 

Vit.K, )pg/ml) 608.46 ± 103.32 611.40 ± 118.13 623.84 ± 112.79 

  a=0.4   

  b= 0.5 

c= 0.4 

Data represented as Mean ± SD: standard deviation ; a= p-value (Deceased + Severe) ;         

b = p-value (Deceased + Mild) ; c= p-value (Severe +Mild). 



Results and Discussion                                                                        Chapter Three   

55 
 

      Prevalent coagulopathy and thromboembolism are observed in severe 

Covid-19patients with 40% of Covid-19mortality being associated with 

cardiovascular complications. Abnormal coagulation parameters are related to 

poor prognosis in Covid-19patients.Victims also displayed presence of 

extensive thrombosis in infected lungs. Vitamin K is well-known to play an 

essential role in the coagulation system. The present study revealed an existing 

association between vitamin K deficiency and Covid-19severity, highlighting a 

role of vitamin K. The potential mechanisms linking Covid-19with 

coagulopathy in which vitamin K may exert its modulating role in coagulation 

related with disease pathogenesis and explore the potential benefits of using 

vitamin K against Covid-19 to improve disease outcome. One of the 

predominant theories favors the concept of a “cytokine storm” in which the 

immune response is exacerbated through the induction of an excessive pro-

inflammatory cytokine response driving lung injury (Coperchini, Chiovato et 

al. 2020). It was reported that presence of a high viral load causes massive 

destruction of lung tissues, in turn leading to hyperinflammation causing acute 

respiratory distress syndrome (ARDS) (Song, Li et al. 2020).  In addition to 

respiratory symptoms, a growing body of evidence also shows that the virus can 

specifically infects endothelial cells affecting thus the normal process of 

coagulation (Connors and Levy 2020). 

    Severe Covid-19 patients were found to possess coagulopathy characterized 

by abnormal coagulation parameters (Connors and Levy 2020), widespread 

presence of blood clots (Panigada, Bottino et al. 2020), as well as arterial and 

venous thromboembolism (Lodigiani, Iapichino et al. 2020) (Middeldorp, 

Coppens et al. 2020). 

  bb Furthermore, preliminary data from several studies seem to indicate that 

anticoagulant therapy is associated with lower mortality in Covid-19bpatientsb 

(Tang, Bai et al. 2020).Vitamin K is an essential component preventing blood 

clotting and a major player of the coagulation system of which a link between 
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vitamin K deficiency and the worst Covid-19outcomes was recently revealed 

(Dofferhoff, Piscaer et al. 2020). 

      Covid-19 respiratory symptoms are heterogeneous and may sometimes lead 

to serious complications. Similar to other severe respiratory diseases, severe 

forms of Covid-19 induce pneumonia, acute lung injury (ALI), ARDS and 

sepsis leading to multiple organ failure and death (Zaim, Chong et al. 2020). 

Studies have shown that the respiratory symptoms can worsen with 

development of ARDS occurring as fast as 9 days post onset (Huang, Wang et 

al. 2020). Damage to the lungs characterized by a pulmonary ground glass 

opacification was observed by computed tomography (CT) scan in even 

asymptomatic cases indicating that the plethora of complications arising from 

Covid-19is still far from being fully understood (Guan, Ni et al. 2020). 

   Cytokine storm is considered to be one of the major causes of ARDS and 

multipleorgan failure (Chousterman, Swirski et al. 2017), and plays a crucial 

role in the process of disease aggravation (Shimabukuro-Vornhagen, Gödel et 

al. 2018). The cytokine storm is the result of an exacerbated immune response 

resulting in the excessive production of pro-inflammatory cytokines. Whilst it is 

revealed that Covid-19 infection could alter both the innate and adaptive 

immunity (Giamarellos-Bourboulis, Netea et al. 2020, Wang, Nie et al. 

2020), respiratory epithelial cellsand myeloid cells are thought to play an 

important role in orchestrating innate immunity in the airway (Yoshikawa, Hill 

et al. 2009). Infiltration of a large number of inflammatory immune cells is 

observed in the lungs from severe Covid-19patients (Xu, Shi et al. 2020), with 

majority being macrophages and neutrophils (Barnes, Adrover et al. 2020). 

Such increase in infiltration and accumulation of immune cells (macrophages, 

neutrophils) enhance the probability of rupture of atherosclerotic plaques 

potentially leading to cardiovascular complications. Lung infiltration of 

macrophages has been reported in Covid-19 infection (Tian, Hu et al. 2020). 

Pro-inflammatory cytokines such as IL-6 (Yan, Yang et al. 2020). Interleukin-1 

(Conti, Ronconi et al. 2020) and TNF (Li, Xu et al. 2020), are thought to be 
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produced by macrophages, reported to be hyper-induced during Covid-19 

infection and are found to be positively correlated with disease severity relating 

to cytokine storms (Wang, Jiang et al. 2020). 

    Patients with severe Covid-19present with abnormal coagulation parameters 

which are associated with poor disease prognosis. Likewise, Covid-19patients 

present with higher than normal levels of fibrinogen (Arachchillage and 

Laffan 2020), resulting from a high level of IL-6 in the serum. Interleukin-6 is 

known to stimulate the production of fibrinogen by hepatocytes (Schmidt-

Arras and Rose-John 2016). 

     In addition, plasma levels of the procoagulation protein, von Willebrand 

factor is also increased in Covid-19 patients (Panigada, Bottino et al. 2020). 

Levels of D-dimer and fibrin degradation product,  which can reflect the 

occurrence of thrombosis and is associated with a diagnosis of disseminated 

intravascular coagulation (DIC), are found to be significantly enhanced in 

severe Covid-19cases (Arachchillage and Laffan 2020). Although, the 

prevalence of DIC in Covid-19 is still in debate (Connors and Levy 2020), 

pulmonary microthrombi formation is clearly observed in Covid-19 (Atallah, 

Mallah et al. 2020). Pulmonary embolism, strokes and heart attacks can be a 

direct consequence of thrombosis.  Indeed, pulmonary embolism is observed in 

50% of Covid-19 patients admitted to ICU, adequate oxygenation and 

ventilation are recommended for Covid-19 patients with ARDS (Liu, Liu et al. 

2020). 

     Studies demonstrate that Covid-19 can infect endothelial cells, cells which 

represent one third of the total cells in lungs (Zeng, Pappas et al. 2012), and 

hence can contribute directly to thrombosis via endothelial cell lysis. Damage to 

the endothelial wall exposes the subendothelial collagen that is involved in 

platelet adhesion, activation and ultimately coagulation (Farndale, Sixma et al. 

2004). Secretion of factors involved in coagulation by the endothelial cells is 

also altered (Frantzeskaki, Armaganidis et al. 2017).The idea of using 

anticoagulant therapy in Covid-19patients to lower the mortality is well 
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established (Tang, Bai et al. 2020). In fact, the coagulation process is a balance 

between procoagulation and anticoagulation factors that require a strict control. 

Dys-regulation towards either ends could lead to thrombophilia or 

coagulopathy. Protein C and protein S are among the key players in this process 

(Esmon, Vigano-D’Angelo et al. 1987). Interestingly, a low protein C activity 

is found in severe and aged Covid-19 patients favoring a hypercoagulability 

state (Tabatabai, Rabin et al. 2020). Under normal conditions, coagulation 

system is balanced towards the anticoagulation state (Dahlbäck 2000).Vitamin 

K is an essential “switch” in balancing coagulation and anticoagulation process 

(Espana, Medina et al. 2005). Indeed, vitamin K acts as a cofactor in the 

activation of extra-hepatic and hepatic vitamin K-dependent proteins (VKDPs) 

including pro-thrombin and clotting factors VII, IX, X, major factors involved 

in blood coagulation. On the other hand, vitamin K can also trigger key 

anticoagulants via VKDPs for producing proteins C, S and Z (Danziger 2008). 

Beyond its essential role in coagulation, vitamin K is suggested to possess 

immune-modulatory functions as well as preventing vascular calcification. 

Studies have shown that K2 form has more potent anti-inflammatory effect 

when compared to K1 (Reddi, Henderson et al. 1995). K2 acts as an 

immunosuppressive compound to modulate expression of a multitude of pro-

inflammatory cytokines such as TNF, IL-1, IL-1 and suppresses IL-6 release 

(Ohsaki, Shirakawa et al. 2010, Pan, Maresz et al. 2016). It can also impair T 

cell activation and proliferation.  Besides, vitamin K has been shown to activate 

extra-hepatic VKDPs such as matrix -Gla protein(MGP) (Willems, Vermeer et 

al. 2014). MGP is remodeling responsible for preventing vascular 

calcification(Schurgers, Uitto et al. 2013).And thus plays a fundamental role in 

vascular health (Munroe, Olgunturk et al. 1999). It has been suggested that 

vitamin K dependent MGP plays an important role in elastin degradation in the 

lungs phenomenon that is accelerated in pulmonary disease (Piscaer, Wouters 

et al. 2017). Furthermore, vascular calcification is often observed in chronic 

kidney disease patients (Kiechl, Werner et al. 2006),  patients who have been 
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reported to be more prone to develop severe form of Covid-19highlighting the 

importance of vitamin K and MGP.  Impaired coagulation function has been 

demonstrated in Covid-19patients (Han, Yang et al. 2020). Findings from 

several recent studies have further suggested that anticoagulant therapy is 

beneficial and can lower the mortality in Covid-19patients (Kollias, 

Kyriakoulis et al. 2020). Furthermore, patients with pre-conditions such as 

diabetes, hypertension and cardiovascular disease which are known to be 

associated with vitamin K deficiency (Campbell 2017) are prompt to develop a 

more severe Covid-19disease (Zhou, Yu et al. 2020). This is particularly evident 

in patients suffering from chronic kidney disease  (CKD), a population 

characterized by enhanced number of severe Covid-19 cases. 

   Recently researchers observed the link between individuals with vitamin K 

status and Covid-19outcomes. Coagulopathy is one of the primary features of 

poor outcomes in patients who develop sepsis from an infection. Similarly, 

coagulopathy has been observed in severe Covid-19patients and is associated 

with poor prognosis, as observed by Tang et al in 183 consecutive patients   

(Tang, Bai et al. 2020).  Also, low vitamin K level appears to be associated 

with increased elastin degradation (Piscaer, van den Ouweland et al. 2019), 

preferably degrading the lung tissue, resulting in breathing difficulty in Covid-

19patients. Since Covid-19patients with severe disease are associated with co-

morbidities such as cardiovascular diseases, type II diabetes, or hypertension, 

which are linked to reduced vitamin K levels, it is hypothesized that low 

vitamin K levels might be associated with severity in Covid-19 (Yang, Yu et al. 

2020). Furthermore, a study conducted by Dofferhoff et al measuring the level 

of desphospho-uncarboxylated matrix Gla protein (DP-ucMGP, inversely 

related to vitamin K status) and comparing between 123 Covid-19 patients and 

184 controls concluded that reduction of vitamin K levels in Covid-19patients 

than the controls and is related to poor prognosis (Dofferhoff, Piscaer et al. 

2020).
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    The CKD population serves as a valuable indicator when addressing potential 

consequences of poor vitamin K status, a status that represents an aggravating 

risk factor in Covid-19 (Dofferhoff, Piscaer et al. 2020). A serious 

hypercoagulable state has been observed in many severe Covid-19cases and 

associated with poor prognostic outcome (Guan, Ni et al. 2020). Contrarily to 

severe IAV cases, multiple blood clots are observed in the lungs at the site of 

Covid-19 infection (Ackermann, Verleden et al. 2020). As mentioned earlier, 

Covid-19can directly infect endothelial cells which are known to express 

significant amount of receptor ACE2 (Varga, Flammer et al. 2020). 

Endothelial cells play a direct role in coagulation. Indeed, they secrete 

coagulation inhibitors like protein S as well as provide receptors for 

anticoagulant proteins present in the blood that interfere with clot formation(like 

protein C) (Esmon, Vigano-D’Angelo et al. 1987).  

      A low prophylactic dose of low molecular heparin (LMWH), an 

anticoagulant, was suggested to be given to all Covid-19patients requiring 

hospitalization as long as no contraindications such as active bleeding was 

recorded (Thachil, Tang et al. 2020). While studies have shown beneficial 

effect of LMWH on Covid-19patients in terms of reduce mortality (Tang, Bai 

et al. 2020), in clinical practice severely infected patients still continue to clot 

and fail to response adequately to both prophylactic and therapeutic doses 

(Thachil 2020).This might be resulting from the fact that Covid-19patients 

present with low levels of anti-thrombin and higher levels of fibrinogen, which 

contribute to heparin resistance (Barrett, Moore et al. 2020). 

     Indeed, hyperfibrinogenemia was clearly demonstrated in patients with 

severe Covid-19and was shown to reduce significantly LMWH efficacy to 

reduce clot formation (Harr, Moore et al. 2014). Furthermore, due to the risk of 

venous thromboembolism, pulmonary embolism and renal insufficiency 

resulting from Covid-19the use of unfractioned heparin (UFH) might be a better 

choice of anticoagulant (Turshudzhyan 2020). Indeed, patients who present 

with pulmonary embolism and receive LMWH are at an increased risk of 
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bleeding that cannot be stopped further supporting the use of UFH. Direct oral 

anticoagulant (DOAC) drugs are currently broadly administered as 

anticoagulant treatments. This novel class of anticoagulant act directly on 

selective blood clotting factors to prevent formation of blood clots. However, 

their use in Covid-19 patients remain controversial. Indeed, up to now there is 

very limited clinical data on safety or efficacy of DOAC in Covid-19patients 

(Schutgens 2021). 

     The need to switch the patient receiving vitamin K antagonist (VKA) to 

direct oral anticoagulants (DOAC) for coagulation therapy to reduce laboratory 

testing frequency monitoring during this pandemic. Nevertheless, it is not 

applicable for patients with mechanical heart valves or anti-phospholipid 

syndrome (Thachil, Tang et al. 2020). Since there is a risk of vitamin K 

deficiency in patients admitted to ICU, administering vitamin K supplements to 

patients during admission to ICU might help reduce the risk of vitamin K 

deficiency and further complications (Crowther, McDonald et al. 2002).  

      Meanwhile, ample evidence suggests a direct impact on the cytochrome 

P450 pathway which is observed in both antiviral treatment (remdesivir, 

dexamethasone), as well as Covid-19 disease. DOACs are also known to alter 

the same P450 pathway (Driggin, Madhavan et al. 2020). Thus, combined 

antiviral and anticoagulant treatment using DOAC might cause drug-drug 

interactions resulting in potential decrease or increase in anticoagulation 

activity. A recent study in Italy on Covid-19patients where DOAC treatment 

was simultaneously administered with antiviral drugs showed that all patients 

presented with alarming increase of DOAC at plasma levels (Testa, Prandoni 

et al. 2020). Approximately  40% of deaths from Covid-19 infection are related 

to cardiovascular complications (Akhmerov and Marbán 2020). Interestingly, 

through activation of MGP, vitamin K can prevent development of arterial 

calcification (Dalmeijer, Van der Schouw et al. 2013), a process known to 

cause cardiovascular disease (Spronk, Soute et al. 2003), as well as maintain 

arterial elasticity (Braam, Hoeks et al. 2004). Vitamin K dependent MGP 
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protects elastic fibers against mineralization, fibers which are fundamental parts 

of the extracellular matrix (ECM) and play a crucial role in lung fibrosis 

(Enomoto, Suda et al. 2013). Low vitamin K status is found to be associated 

with increased elastin degradation in pulmonary disease (Piscaer, van den 

Ouweland et al. 2019). 

   A possible link to low levels of vitamin K and severe cases of Covid-19was 

lately reported (Klok, Kruip et al. 2020). The diverse and distinct roles of 

vitamin K in modulating blood clotting, elastin degradation, 

immunomodulation, and managing vascular health, together with the low 

toxicity of vitamin K in humans makes vitamin K an attractive remedy using 

prophylactically as supplement or therapeutically to improve Covid-19disease 

outcomes (Kudelko, Yip et al. 2021). 

 

3.3. Correlations Analysis 

3.3.1. The Correlations between Serum vWF and ADAMTS-13 

Levels with other Clinical Parameters Studied in Covid-19 

Patient Group 

   In table (3-11) illustrated data analysis was used to verify the relationship of 

the biochemical with the levels of vWF and ADAMTS-13  in Covid-19 patients 

group. The correlation of vWF level shown a significant positive correlation 

with age, BMI, TG, D-dimer, NEUT%, VLDL-C, ferritin levels. However, 

significant negative correlations of TC, and ADAMTS-13, LDL-C,PLT,LYM%, 

vit. K levels in Covid-19 patients group. 
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Table (3-11): The Correlations between serum vWF level and clinical parameters 

in Covid-19 patients group. 

Parameters r P-value 

Age, (years) 0.379 0.05 

BMI, (kg/m²) 0.386 0.04 

SBP (mmHg) 0.151 0.427 

DBP (mmHg) 0.112 0.556 

TG, (mg/dl) 0.389 0.037 

TC, (mg/dl) -0.334 0.067 

LDL-C, (mg/dl) -0.367 0.046 

VLDL-C, (mg/dl) 0.282 0.108 

HDL-C, (mg/dl) -0.304 0.585 

CRI-I,  (TC/HDL-C) 0.221 0.615 

CRI-II, (LDL-C/HDL-C) 0.190 0.717 

AIP, (log TG/HDL) 0.102 0.833 

PLT% -0.193 0.736 

NEUT% 0.025 0.982 

LYM% -0.369 0.05 

NLR 0.362 0.046 

D-dimer, ng/ml 0.473 0.001 

Ferretin, ng/ml 0.466 0.001 

ADAMTS-13,  ng/ml -0.575 0.000 
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Vit. K, mg/ml -0.367 0.041 

Data represented as r: Correlations ; BMI: Body mass index ; SBP: Systolic blood 

pressure ; DBP: Diastolic blood pressure ; TG: triglyceride ; HDL-C: High-density 

lipoprotein cholesterol ; LDL-C: low density lipoprotein-cholesterol ; VLDL.C: Very 

Low-Density Lipoprotein- Cholesterol ; TC: total cholesterol  ; CRI-I: (TC/HDL-C) 

Castelli Risk Index ; CRI-II: (LDL-C/HDL-C) coronary risk index ; AIP :(log 

TG/HDL-C) atherogenic index, LYM: lymphocyte ; NEUT: neutrophil ; NLR: 

neutrophil/lymphocyte ratio ; PLT: Platelet ;  r= Pearson correlation coefficient. 

     As, shown in table (3-12) level of ADAMTS-13 significant positive 

correlation with lym%,Vit K, HDL-C, TC levels. While, significant negative 

correlations with age, BMI, TG, atherogenic index, NLR, D-dimer, ferritin, 

vWF, levels in Covid-19 patients group.  

Table (3-12): Correlations between serum ADAMTS-13 level and other clinical 

parameters in Covid-19 patients group. 

Parameters r P-value 

Age, (years) -0.391 0. 2 

BMI, ( kg/m²) -0.486 0.043 

SBP, (mmHg) 0.266 0.340 

DBP, (mmHg) 0.217 0.405 

TG, (mg/dl) -0.406 0.007 

TC, (mg/dl) 0.374 0.046 

LDL-C, (mg/Dl) -0.378 0.040 

VLDL-C, (mg/dl) -0.305 0.138 

HDL-C, (mg/dl) 0.347 0.061 

CRI-I, (TC/HDL-C) -0.323 0.065 

CRI-II, (LDL-C/HDL-C) -0.267 0.714 
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AIP, (log TG/HDL-C) -0.200 0.807 

PLT% 0.298 0.063 

NEUT% -0.325 0.082 

LYM% 0.385 0.042 

NLR -0.372 0.044 

D-dimer, ng/ml -0.546 0.000 

Ferritin, ng/ml -0.452 0.001 

vWF,  ng/ml -0.575 0.000 

Vit. K, mg/ml 0.397 0.001 

Data represented as r : Correlations ;  BMI: Body mass index ; SBP: Systolic blood 

pressure ; DBP: Diastolic blood pressure ; TG: triglyceride ; HDL-C: High-density 

lipoprotein cholesterol ; LDL-C: low density lipoprotein-cholesterol ; VLDL.C: Very 

Low-Density Lipoprotein- Cholesterol ; TC: total cholesterol ; CRI-I: (TC/HDL-C) 

Castelli Risk Index ; CRI-II: (LDL-C/HDL-C) coronary risk index ; AIP :(log 

TG/HDL-C) atherogenic index ; LYM: lymphocyte ; NEUT: neutrophil ; NLR: 

neutrophil/lymphocyte ratio ; PLT : Platelet ; r= Pearson correlation coefficient. 

      Covid-19-associated coagulopathy has been broadly discussed in the 

literature. This coagulopathy overlaps with disseminated intravascular 

coagulopathy (DIC) in critically ill patients with circulatory collapse and multi-

organ failure. However, they usually do not meet the ISTH criteria for DIC 

(Wada, Thachil et al. 2013, Thachil, Tang et al. 2020). There is an 

association between inflammation and coagulation. A noteworthy cytokine 

release, mainly IL-6, induces tissue factor overexposure in endothelial cells and 

monocytes, triggering thrombin generation. This cytokine storm correlates with 

poor outcome (Hu, Huang et al. 2021).  In patients with Covid-19, as 

confirmed this study, there is a peculiar coagulopathy derived from the systemic 

inflammatory response associated with endothelial dysfunction (Katneni, 

Alexaki et al. 2020). 
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    The higher level of D-dimer in Covid-19 patients than in Covid-19 

outpatients. This was significantly higher in patients requiring intensive care 

than in ward patients. Consequently, D-dimer predicts poor outcome as the 

highest levels are present in critically ill patients (Tang, Li et al. 2020). Also 

like to remark that D-dimer was significantly increased in Covid-19 inpatients 

than in non- Covid-19inpatients. Although D-dimer increases in hospitalized 

patients, it could be a hemostatic parameter of clinical worsening in Covid-19, 

implying hospitalization (Wu, Cai et al. 2020). Levels of vWF and ADAMTS-

13 are expressed by endothelial cells. Dysregulation of the vascular 

endothelium in acute hyperinflammation setting induces excess vWF released 

by endothelial cells. ADAMTS13 activity decreases in proportion to the 

inflammatory response (Katneni, Alexaki et al. 2020). According to this 

contrast between vWF and ADAMTS-13 activity could be a consequence of 

inhibition and/or deficiency of ADAMTS-13 activity (Marco and Marco 

2021). 

    The interaction between vWF and ADAMT-13 in Covid-19 despite playing 

an important role in the maintenance of hemostasis and prevention of 

undesirable thrombosis, vWF-ADAMTS-13 interactions haven’t received much 

attention in the evaluation of Covid-19 pathophysiology, specifically VTE. 

Importantly, reduced ADAMTS-13 activity has been shown to correlate with 

increased inflammation in multiple systems (Liu, Zhao et al. 2017, Takaya, 

Kawaratani et al. 2018).  

   The development of coagulopathy is associated with poor prognosis. A 

procoagulant status in patients with pneumonia has been reported (Connors 

and Levy 2020, Ranucci, Ballotta et al. 2020). An increase in D-dimer level is 

one of the most common hematological abnormalities found in hospitalized 

patients. Although older patients with comorbidities are known to have higher 

D-dimer levels, this abnormality in the context of Covid-19promotes mortality 

due to Covid-19-derived complications (Ranucci, Ballotta et al. 2020). Tang 
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et  al. described elevated D-dimer levels in non-survivors vs. survivors in 

Covid-19 (Tang, Li et al. 2020). As a consequence, patients with markedly 

increased D-dimer levels should be strictly followed-up and consider 

hospitalization despite not having severe symptoms. Fibrinogen levels remain 

elevated in the context of acute infection and predict mortality (Zhang, Cao et 

al. 2020). Thachil et al., instead of the prothrombotic role, a protective function 

for fibrinogen as an acute-phase reagent, the fibrinogen level is increased in 

patients with Covid-19to protect the host (Thachil 2020). Covid-19represents a 

severe inflammatory disease, and pro-inflammatory markers are released. 

Endothelial injury associated with a cytokine storm contributes to the thrombo-

inflammatory process (White, MacDonald et al. 2021). The vWF  is a large 

multimeric glycoprotein stored in endothelial cells and platelets and released in 

response to different stimuli, such as acute inflammatory processes (Gragnano, 

Sperlongano et al. 2017). ADAMTS-13 is a metalloprotease expressed by 

hepatic and endothelial cells and is implicated in the cleavage of prothrombotic 

ultra-large vWF multimers, contributing to the maintenance of hemostatic 

balance (Katneni, Alexaki et al. 2020). In this setting, acquired non-immune 

low ADAMTS-13 levels could explain this thrombotic tendency. These findings 

could be related to ADAMTS-13 consumption because of excess release of 

vWF, finally leading to thrombosis development. These clinical and laboratory 

data are compatible with thrombotic microangiopathy (Adam, Zacharowski et 

al. 2020, Huisman, Beun et al. 2020). 

    Level of ADAMTS-13 was inversely correlated with D-dimer, and vWF, all 

of which were statistically significant. In addition, vWF presented a significant 

direct correlation with D-dimer. Of note, the strongest correlations were found 

between vWF and D-dimer and between, which are normally increased in acute 

inflammatory processes (Marco and Marco 2021). In addition, the inverse 

correlation between ADAMTS-13 and vWF enhances the microangiopathy 

state. Moreover, although no statistical differences between groups were found 

when evaluating platelet count, found a direct correlation between ADAMTS-
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13 activity and platelets and an inverse correlation between vWF levels and 

platelets. Mancini et al. has recently published that an alteration in the vWF-

ADAMTS-13 axis in Covid-19 patients is related to disease severity. They 

designed a cross-sectional study including 50 critical admitted to 3 units of 

different intensity care and recruited 274 healthy volunteers tested for 

thrombophilia as control group (Mancini, Baronciani et al. 2021). 

 

3.3.2. The Correlations between Serum Vitamin K Level and 

Clinical Parameters Studied in Covid-19 Patients Group. 

    The linear regression analysis in table (3-13) illustrated a significant positive 

correlation of clinical parameters studied level HDL-C, TC, PLT%, ADAMTS-

13  with vitamin K in Covid-19 patients group. While a significant negative 

correlation of NEUT%,VLDL-C,LDL-C,TG, D-dimer, NLR, vWF,  ferritinlevel 

with Covid-19 patient. 

Table (3-13): The correlations between vitamin K level and clinical parameters in 

Covid-19 patients group 

Parameters R p-value 

Age, (years) -0.341 0.064 

BMI, (kg/m²) -0.372 0.050 

SBP, (mmHg) 0.283 0.280 

DBP, (mmHg) 0.209 0.245 

TG, (mg/dl) -0.356 0.061 

TC, (mg/dl) 0.382 0.044 

LDL-C, (mg/dl) -0.339 0.060 

VLDL-C, (mg/dl) -0.245 0.218 
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HDL-C, (mg/dl) 0.233 0.074 

CRI-I, (TC/HDL-C) -0.369 0.050 

CRI-II, (LDL-C/HDL-C) -0.377 0.050 

AIP, (log TG/HDL-C) -0.356 0.062 

PLT% 0.323 0.071 

NEUT% -0.325 0.071 

LYM% 0.376 0.040 

NLR -0.370 0.041 

D-dimer, ng/ml -0.487 0.001 

Ferritin, ng/ml -0.467 0.001 

vWF, ng/ml -0.367 0.041 

ADAMTS-13, ng/ml 0.397 0.001 

Data represented as r : Correlations ; BMI: Body mass index ; SBP: Systolic blood 

pressure ; DBP: Diastolic blood pressure ; TG: triglyceride ; HDL-C: High-density 

lipoprotein cholesterol ; LDL-C: low density lipoprotein-cholesterol ; VLDL.C: Very 

Low-Density Lipoprotein-Cholesterol ; TC: total cholesterol ; CRI-I: (TC/HDL-C) 

Castelli Risk Index ; CRI-II: (LDL-C/HDL-C) coronary risk index ; AIP: ( log 

TG/HDL-C) atherogenic index ; LYM: lymphocyte ; NEUT: neutrophil ; NLR: 

neutrophil/ lymphocyte ratio ; PLT: Platelet and r= Pearson correlation coefficient. 

     Coronavirus disease or Covid-19 is a heterogeneous condition caused by 

severe acute respiratory syndrome-coronavirus 2 (SARS-COV-2) infection. 

Clinically, it is generally characterized by an interstitial pneumonia that can lead 

to impaired gas-exchange, acute respiratory failure and death (Schenck, 

Hoffman et al. 2020). The pathogenesis is complex and a variable combination 

of hyper-inflammatory responses and alterations in the coagulation asset have 

been described in critically hill patients (Luthra-Guptasarma and 

Guptasarma , Randazzo, Cuevas-Ferrando et al. 2020). Understanding the 

immune-inflammatory mechanisms related to the clinical manifestations of 

Covid-19can guide the identification of potential pharmacological targets. 
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Deficient immune response, proposed as an immunologic mechanism 

prompting to severe Covid-19clinical expression (Letzel, Pozas et al. 2020) 

(Khalid, Al-ebini et al. 2021)  (Kee, Metz-Zumaran et al. 2021). Decreased 

ADAMTS-13 levels were previously identified in the plasma from patients with 

many conditions, such as systemic inflammation (Reiter, Varadi et al. 2005, 

Ono, Mimuro et al. 2006) , stroke (Vergouwen, Bakhtiari et al. 2009)  and 

metabolic syndrome (Ziliotto, Bernardi et al. 2018).Thrombus formation 

involves coagulation proteins and platelets. The latter, referred to as platelet‐

mediated thrombogenesis, is predominant in arterial circulation. Platelet 

thrombogenesis follows vascular injury when extracellular vWF binds via its 

A3 domain to exposed collagen, and the free vWF A1 domain binds to platelet 

glycoprotein Ib (GPIb) (Zhu, Gilbert et al. 2020). The systemic release of pro-

inflammatory mediators during the severe phase of Covid-19 inhibit the 

cleavage of high molecular weight vWF or interfere with the proteolytic 

interaction with ADAMTS-13, leading to thrombosis (Katneni, Alexaki et al. 

2020). The D-dimer levels of Covid-19 patients were also elevated. The reasons 

responsible for the elevated D-dimer levels are only partially explained. It is 

well known that D-dimer are produced during fibrin breakdown and serve as a 

marker of fibrinolytic activity. A relationship between pro-inflammatory 

cytokines and markers of activation of the coagulation cascade, including D-

dimer, has been demonstrated in critical patients or patients with sepsis 

(Borjini, Fernández et al. 2016). There is also evidence that under 

inflammatory conditions, the alveolar haemostatic balance is shifted towards a 

predominance of prothrombotic activity (Cheng, Sun et al. 2017). In addition, 

pro-inflammatory cytokines may be involved in endothelial injury, and may 

activate coagulation and inhibit fibrinolysis in patients with severe sepsis (Wu, 

Liu et al. 2018). The spike protein of Covid-19binds the angiotensin-converting 

enzyme 2 receptor on endothelial cells (Lu , Ferrario, Jessup et al. 2005), 

resulting in endothelial cell apoptosis and thrombosis (Boor and Hartmann 

2020). Additionally, endothelial cell apoptosis causes inflammatory cell 
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infiltration and further increases in the risk of thrombosis (Connors and Levy 

2020). Accordingly, the meta-analysis indicated that the ferritin levels in Covid-

19patients with thrombotic complications were higher than those in patients 

without, suggesting the hyper-inflammation state in patients with thrombosis. 

Several studies indicated that high serum ferritin levels are associated with 

hypertension (Choi, Yeum et al. 2015, Jamshidi-Naeini, Bavil et al. 2019). 

     Thromboembolism is also prevalent in coronavirus disease 2019 (Covid-19). 

Vitamin K plays an important role in coagulation and possibly also in lung 

diseases (Dofferhoff, Piscaer et al. 2020). 
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4. Conclusions and Recommendations 

4.1. Conclusions 

1. The clinical features of Covid-19 patients who progressed from non-severe to 

severe cases. Mild patients with an older age and underlying diseases were 

more likely to exacerbate. Elevated vWF and reduced ADAMTS-13 levels 

could be valuable markers to predict the possibility of aggravation of non-

severe Covid-19 patients, which could help health care workers identify 

those patients at an early stage for early treatment.  

2. The abnormal changes of vWF, ADAMTS-13 and inflammatory factors likes 

CRP, NEUT.%, and NLR suggest that aggressive anticoagulant therapy 

might be needed.  ADAMTS 13 activity that was strongly associated with 

disease severity. Such an imbalance enhances the hypercoagulable state of 

Covid-19patients and their risk of microthrombosis. 

3. The correlations of vWF-ADAMTS-13 in Covid-19 patients could help better 

define the pathophysiology, clarify the pathogenesis, improve prediction of 

clinical prognosis, and better guide thromboprophylaxis and treatment of 

Covid-19 patients, which could help health care workers, identify those 

patients at an early stage for early treatment. 

4. The current results suggested that the serum level of vitamin K severely 

reduced in Covid-19 patients group which is compatible with the increased 

thrombogenicity that is frequently observed in severe Covid-19. Vit.K was 

linked to accelerated elastic fiber degradation and premorbid vascular 

calcifications, and related with Neutrophle %,, D-dimer , Ferritin, vWF, and 

ADAMTS-13 as immunopathological damage in coronavirus patients. 

Vitamin K administration improves Covid-19 outcomes and could be uses 
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as hall mark of severe Covid-19 and provide a rational for combined 

therapeutic approaches for medical staff. 

5. Serum levels of HDL-C and TC concentrations were lower in Covid-19 

patients and ICU admission for severe Covid-19.  

6. This study provides evidence for a causal effect of D-dimer, ferritin, CRP 

level are associated in patients with Covid-19and severity of virus corona by 

abnormal levels compared with healthy group might represent a valid target 

for lowering risk Covid-19. 
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4.2. Recommendations 

1. A large sample size and multicenter of studies are needed in order to 

confirm these results and possibly determine a more accurate cutoff. 

2. Histopathologic comparison of Covid-19 thrombi collected from 

extracorporeal membrane oxygenation with non-Covid-19 specimens shows 

a specific involvement of neutrophil extracellular traps in Covid-19 

thrombogenesis. 

3. Evaluate the levels of sex hormones contribute to the observed sex-specific 

differences inflammatory and coagulation parameters in Covid-19 patients.  

4. Determine the relationship and causality between ADAMTS-13 activity, 

complement, endothelial, and coagulation activation. 

5. Study the efficacy of treatments aiming at preventing and/or ameliorating 

Covid-19 microangiopathy.  

 

 



 

Chapter Five 
 

 

References 

 



           s Refrence                                                                                     five Chapter    

29 
 

                                 

                                                Refrences 

Abou-Ismail, M. Y., A. Diamond, S. Kapoor, Y. Arafah and L. Nayak (2020). 

"The hypercoagulable state in COVID-19: Incidence, pathophysiology, and 

management." Thrombosis research. 

  

Akiyama, M., S. Takeda, K. Kokame, J. Takagi and T. Miyata (2009). "Crystal 

structures of the noncatalytic domains of ADAMTS13 reveal multiple 

discontinuous exosites for von Willebrand factor." Proceedings of the National 

Academy of Sciences 106(46): 19274-19279. 

  

Amgalan, A. and M. Othman (2020). "Exploring possible mechanisms for 

COVID‐19 induced thrombocytopenia: Unanswered questions." Journal of 

Thrombosis and Haemostasis 18(6): 1514-1516. 

  

Astuti, I. (2020). "Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-

CoV-2): An overview of viral structure and host response." Diabetes & 

Metabolic Syndrome: Clinical Research & Reviews 14(4): 407-412. 

  

Baseler, L., D. S. Chertow, K. M. Johnson, H. Feldmann and D. M. Morens 

(2017). "The pathogenesis of Ebola virus disease." Annual Review of 

Pathology: Mechanisms of Disease 12: 387-418. 

  

Berry, M., J. Gamieldien and B. C. Fielding (2015). "Identification of new 

respiratory viruses in the new millennium." Viruses 7(3): 996-1019. 

  

Bonazza, K., H. Rottensteiner, G. Schrenk, J. Frank, G. n. Allmaier, P. L. 

Turecek, et al. (2015). "Shear-dependent interactions of von Willebrand factor 

with factor VIII and protease ADAMTS 13 demonstrated at a single molecule 

level by atomic force microscopy." Analytical chemistry 87(20): 10299-10305. 

  

Brehm, M. A., G. König, T. Obser, V. Huck, S. W. Schneider and R. 

Schneppenheim (2020). "Functional and Structural Properties of the 2nd Gain-

of-Function Variant in the C4 Domain of von Willebrand Factor." 

Hämostaseologie 40(S 01): A037. 

  

Budde, U., A. Pieconka, K. Will and R. Schneppenheim (2006). Laboratory 

testing for von Willebrand disease: contribution of multimer analysis to 



           s Refrence                                                                                     five Chapter    

29 
 

diagnosis and classification. Seminars in thrombosis and hemostasis, 

Copyright© 2006 by Thieme Medical Publishers, Inc., 333 Seventh Avenue, 

New …. 

  

Cascella, M., M. Rajnik, A. Aleem, S. Dulebohn and R. Di Napoli (2021). 

"Features, evaluation, and treatment of coronavirus (COVID-19)." StatPearls. 

  

Chang, J. C. (2019). "Sepsis and septic shock: endothelial molecular 

pathogenesis associated with vascular microthrombotic disease." Thrombosis 

journal 17(1): 1-19. 

  

Chen, J. and D. W. Chung (2018). "Inflammation, von Willebrand factor, and 

ADAMTS13." Blood 132(2): 141-147. 

  

Chen, N., M. Zhou, X. Dong, J. Qu, F. Gong, Y. Han, et al. (2020). 

"Epidemiological and clinical characteristics of 99 cases of 2019 novel 

coronavirus pneumonia in Wuhan, China: a descriptive study." The Lancet 

395(10223): 507-513. 

  

Chen, X., X. Cheng, S. Zhang and D. Wu (2019). "ADAMTS13: an emerging 

target in stroke therapy." Frontiers in neurology 10: 772. 

  

Conti, P., G. Ronconi, A. Caraffa, C. Gallenga, R. Ross, I. Frydas, et al. (2020). 

"Induction of pro-inflammatory cytokines (IL-1 and IL-6) and lung 

inflammation by Coronavirus-19 (COVI-19 or SARS-CoV-2): anti-

inflammatory strategies." J Biol Regul Homeost Agents 34(2): 1. 

  

Coopersmith, C. M., M. Antonelli, S. R. Bauer, C. S. Deutschman, L. E. Evans, 

R. Ferrer, et al. (2021). "The Surviving Sepsis Campaign: Research Priorities 

for Coronavirus Disease 2019 in Critical Illness." Critical care medicine 49(4): 

598-622. 

  

Cui, J., F. Li and Z.-L. Shi (2019). "Origin and evolution of pathogenic 

coronaviruses." Nature Reviews Microbiology 17(3): 181-192. 

  

Danziger, J. (2008). "Vitamin K-dependent proteins, warfarin, and vascular 

calcification." Clinical journal of the American society of nephrology 3(5): 

1504-1510. 



           s Refrence                                                                                     five Chapter    

29 
 

  

Escher, R., N. Breakey and B. Lämmle (2020). "Severe COVID-19 infection 

associated with endothelial activation." Thrombosis research 190: 62. 

  

Espana, F., P. Medina, S. Navarro, E. Zorio, A. Estellés and J. Aznar (2005). 

"The multifunctional protein C system." Current Medicinal Chemistry-

Cardiovascular & Hematological Agents 3(2): 119-131. 

  

Falasca, L., C. Agrati, N. Petrosillo, A. Di Caro, M. R. Capobianchi, G. 

Ippolito, et al. (2015). "Molecular mechanisms of Ebola virus pathogenesis: 

focus on cell death." Cell Death & Differentiation 22(8): 1250-1259. 

  

Fan, M., X. Wang, X. Peng, S. Feng, J. Zhao, L. Liao, et al. (2020). "Prognostic 

value of plasma von Willebrand factor levels in major adverse cardiovascular 

events: a systematic review and meta-analysis." BMC cardiovascular disorders 

20(1): 1-9. 

  

Fan, W., Z. Su, Y. Bin, C. Yan-Mei, W. Wen, S. Zhi-Gang, et al. (2020). 

"Holmes Edward C., Zhang Yong-Zhen. A new coronavirus associated with 

human respiratory disease in China." Nature 579(7798): 265-269. 

  

Feys, H., P. Anderson, K. Vanhoorelbeke, E. M. Majerus and J. E. Sadler 

(2009). "Multi‐step binding of ADAMTS‐13 to von Willebrand factor." Journal 

of Thrombosis and Haemostasis 7(12): 2088-2095. 

  

Fouchier, R. A., T. Kuiken, M. Schutten, G. Van Amerongen, G. J. Van 

Doornum, B. G. Van Den Hoogen, et al. (2003). "Koch's postulates fulfilled for 

SARS virus." Nature 423(6937): 240-240. 

  

Goli, M. (2020). "Review of novel human β‐coronavirus (2019‐nCoV or SARS‐

CoV‐2) from the food industry perspective—Appropriate approaches to food 

production technology." Food science & nutrition 8(10): 5228-5237. 

  

Gostic, K., A. C. Gomez, R. O. Mummah, A. J. Kucharski and J. O. Lloyd-

Smith (2020). "Estimated effectiveness of symptom and risk screening to 

prevent the spread of COVID-19." Elife 9: e55570. 

  



           s Refrence                                                                                     five Chapter    

29 
 

Guo, T., Y. Fan, M. Chen, X. Wu, L. Zhang, T. He, et al. (2020). 

"Cardiovascular implications of fatal outcomes of patients with coronavirus 

disease 2019 (COVID-19)." JAMA cardiology 5(7): 811-818. 

  

Haegele, S., J. Fuxsteiner, D. Pereyra, C. Koeditz, B. Rumpf, C. Schuetz, et al. 

(2018). "Elevated ADAMTS13 activity is associated with poor postoperative 

outcome in patients undergoing liver resection." Scientific reports 8(1): 1-11. 

  

Halder, M., P. Petsophonsakul, A. C. Akbulut, A. Pavlic, F. Bohan, E. 

Anderson, et al. (2019). "Vitamin K: double bonds beyond coagulation insights 

into differences between vitamin K1 and K2 in health and disease." 

International journal of molecular sciences 20(4): 896. 

  

Holmes, M. V., B. J. Hunt and M. J. Shearer (2012). "The role of dietary 

vitamin K in the management of oral vitamin K antagonists." Blood reviews 

26(1): 1-14. 

  

Hong, J., H. Jhun, Y.-O. Choi, A. S. Taitt, S. Bae, Y. Lee, et al. (2021). 

"Structure of SARS-CoV-2 Spike glycoprotein for therapeutic and preventive 

target." Immune Network 21(1). 

  

Hua, A., K. O’Gallagher, D. Sado and J. Byrne (2020). "Life-threatening 

cardiac tamponade complicating myo-pericarditis in COVID-19." European 

heart journal. 

  

Huck, V., P.-C. Chen, E.-R. Xu, A. Tischer, U. Klemm, C. Aponte-Santamaría, 

et al. (2020). "Gain-of-Function Variant p. Pro2555Arg of von Willebrand 

Factor Increases Aggregate Size through Altering Stem Dynamics." Thrombosis 

and haemostasis. 

  

Iba, T., M. Levi and J. H. Levy (2020). Sepsis-induced coagulopathy and 

disseminated intravascular coagulation. Seminars in thrombosis and hemostasis, 

Thieme Medical Publishers. 

  

Iba, T. and J. Levy (2018). "Inflammation and thrombosis: roles of neutrophils, 

platelets and endothelial cells and their interactions in thrombus formation 

during sepsis." Journal of Thrombosis and Haemostasis 16(2): 231-241. 

  



           s Refrence                                                                                     five Chapter    

29 
 

Iba, T., J. H. Levy, J. M. Connors, T. E. Warkentin, J. Thachil and M. Levi 

(2020). "The unique characteristics of COVID-19 coagulopathy." Critical Care 

24(1): 1-8. 

  

Iba, T., J. H. Levy, M. Levi and J. Thachil (2020). "Coagulopathy in COVID‐

19." Journal of Thrombosis and Haemostasis 18(9): 2103-2109. 

  

Ji, W., W. Wang, X. Zhao, J. Zai and X. Li (2020). "Homologous 

recombination within the spike glycoprotein of the newly identified coronavirus 

may boost cross-species transmission from snake to human." Journal of medical 

virology. 

  

Jin, S.-Y., J. Tohyama, R. C. Bauer, N. N. Cao, D. J. Rader and X. L. Zheng 

(2012). "Genetic ablation of Adamts13 gene dramatically accelerates the 

formation of early atherosclerosis in a murine model." Arteriosclerosis, 

thrombosis, and vascular biology 32(8): 1817-1823. 

  

Joly, B. S., P. Coppo and A. Veyradier (2017). "Thrombotic thrombocytopenic 

purpura." Blood, The Journal of the American Society of Hematology 129(21): 

2836-2846. 

  

Kaneki, M., S. J. Hedges, T. Hosoi, S. Fujiwara, A. Lyons, N. Ishida, et al. 

(2001). "Japanese fermented soybean food as the major determinant of the large 

geographic difference in circulating levels of vitamin K2: possible implications 

for hip-fracture risk." Nutrition 17(4): 315-321. 

  

Kawecki, C., P. Lenting and C. Denis (2017). "von Willebrand factor and 

inflammation." Journal of Thrombosis and Haemostasis 15(7): 1285-1294. 

  

Klok, F., M. Kruip, N. Van der Meer, M. Arbous, D. Gommers, K. Kant, et al. 

(2020). "Confirmation of the high cumulative incidence of thrombotic 

complications in critically ill ICU patients with COVID-19: an updated 

analysis." Thrombosis research 191: 148-150. 

  

Koupenova, M., L. Clancy, H. A. Corkrey and J. E. Freedman (2018). 

"Circulating platelets as mediators of immunity, inflammation, and thrombosis." 

Circulation research 122(2): 337-351. 

  



           s Refrence                                                                                     five Chapter    

29 
 

Kumar, V. (2021). "Emerging human coronavirus infections (SARS, MERS, 

and COVID-19): where they are leading us." International Reviews of 

Immunology 40(1-2): 5-53. 

  

Li, Y., J. Shi, J. Xia, J. Duan, L. Chen, X. Yu, et al. (2020). "Asymptomatic and 

symptomatic patients with non-severe coronavirus disease (COVID-19) have 

similar clinical features and virological courses: a retrospective single center 

study." Frontiers in microbiology 11: 1570. 

  

Lowenstein, C. J. and S. D. Solomon (2020). "Severe COVID-19 is a 

microvascular disease." Circulation 142(17): 1609-1611. 

  

Lu, R., X. Zhao, J. Li, P. Niu, B. Yang, H. Wu, et al. (2020). "Genomic 

characterisation and epidemiology of 2019 novel coronavirus: implications for 

virus origins and receptor binding." The Lancet 395(10224): 565-574. 

  

Luo, G.-P., B. Ni, X. Yang and Y.-Z. Wu (2012). "von Willebrand factor: more 

than a regulator of hemostasis and thrombosis." Acta haematologica 128(3): 

158-169. 

  

Madoiwa, S. (2015). "Recent advances in disseminated intravascular 

coagulation: endothelial cells and fibrinolysis in sepsis-induced DIC." Journal 

of intensive care 3(1): 1-8. 

  

Maresz, K. (2015). "Proper calcium use: vitamin K2 as a promoter of bone and 

cardiovascular health." Integrative Medicine: A Clinician's Journal 14(1): 34. 

  

Mariotte, E., E. Azoulay, L. Galicier, E. Rondeau, F. Zouiti, P. Boisseau, et al. 

(2016). "Epidemiology and pathophysiology of adulthood-onset thrombotic 

microangiopathy with severe ADAMTS13 deficiency (thrombotic 

thrombocytopenic purpura): a cross-sectional analysis of the French national 

registry for thrombotic microangiopathy." The Lancet Haematology 3(5): e237-

e245. 

  

Marles, R. J., A. L. Roe and H. A. Oketch-Rabah (2017). "US Pharmacopeial 

Convention safety evaluation of menaquinone-7, a form of vitamin K." 

Nutrition reviews 75(7): 553-578. 

  



           s Refrence                                                                                     five Chapter    

29 
 

Masias, C. and S. R. Cataland (2018). "The role of ADAMTS13 testing in the 

diagnosis and management of thrombotic microangiopathies and thrombosis." 

Blood 132(9): 903-910. 

  

Mizumoto, K., K. Kagaya, A. Zarebski and G. Chowell (2020). "Estimating the 

asymptomatic proportion of coronavirus disease 2019 (COVID-19) cases on 

board the Diamond Princess cruise ship, Yokohama, Japan, 2020." 

Eurosurveillance 25(10): 2000180. 

  

Patmore, S., S. P. S. Dhami and J. M. O'Sullivan (2020). "Von Willebrand 

factor and cancer; metastasis and coagulopathies." Journal of Thrombosis and 

Haemostasis 18(10): 2444-2456. 

  

Piscaer, I., E. F. Wouters, C. Vermeer, W. Janssens, F. M. Franssen and R. 

Janssen (2017). "Vitamin K deficiency: the linking pin between COPD and 

cardiovascular diseases?" Respiratory research 18(1): 1-7. 

  

Qiu, T., T. Mao, Y. Wang, M. Zhou, J. Qiu, J. Wang, et al. (2020). 

"Identification of potential cross-protective epitope between a new type of 

coronavirus (2019-nCoV) and severe acute respiratory syndrome virus." Journal 

of Genetics and Genomics 47(2): 115. 

  

Roldán, V., F. Marín, B. Muiña, J. M. Torregrosa, D. Hernández-Romero, M. 

Valdés, et al. (2011). "Plasma von Willebrand factor levels are an independent 

risk factor for adverse events including mortality and major bleeding in 

anticoagulated atrial fibrillation patients." Journal of the American College of 

Cardiology 57(25): 2496-2504. 

  

Roose, E., G. Vidarsson, K. Kangro, O. J. Verhagen, I. Mancini, L. Desender, et 

al. (2018). "Anti-ADAMTS13 autoantibodies against cryptic epitopes in 

immune-mediated thrombotic thrombocytopenic purpura." Thrombosis and 

haemostasis 118(10): 1729-1742. 

  

Sadler, J. E. (2015). "What's new in the diagnosis and pathophysiology of 

thrombotic thrombocytopenic purpura." Hematology 2014, the American 

Society of Hematology Education Program Book 2015(1): 631-636. 

  

Samad, N., S. Dutta, T. E. Sodunke, A. Fairuz, A. Sapkota, Z. F. Miftah, et al. 

(2021). "Fat-Soluble Vitamins and the Current Global Pandemic of COVID-19: 



           s Refrence                                                                                     five Chapter    

22 
 

Evidence-Based Efficacy from Literature Review." Journal of inflammation 

research 14: 2091. 

  

Schurgers, L. J. and H. M. Spronk (2014). "Differential cellular effects of old 

and new oral anticoagulants: consequences to the genesis and progression of 

atherosclerosis." Thrombosis and haemostasis 112(11): 909-917. 

  

Schurgers, L. J. and C. Vermeer (2000). "Determination of phylloquinone and 

menaquinones in food." Pathophysiology of Haemostasis and Thrombosis 

30(6): 298-307. 

  

Stockschlaeder, M., R. Schneppenheim and U. Budde (2014). "Update on von 

Willebrand factor multimers: focus on high-molecular-weight multimers and 

their role in hemostasis." Blood Coagulation & Fibrinolysis 25(3): 206. 

  

Struyf, T., J. J. Deeks, J. Dinnes, Y. Takwoingi, C. Davenport, M. M. Leeflang, 

et al. (2020). "Signs and symptoms to determine if a patient presenting in 

primary care or hospital outpatient settings has COVID‐19 disease." Cochrane 

Database of Systematic Reviews(7). 

  

T, E. W. G. D. R. F. C. F. H. M. H. h. o. o.-.-.-H. L. B. J. K. J. N. M. V. P. G. R. 

(2021). "Chronic kidney disease is a key risk factor for severe COVID-19: a call 

to action by the ERA-EDTA." Nephrology Dialysis Transplantation 36(1): 87-

94. 

  

Tang, D., P. Comish and R. Kang (2020). "The hallmarks of COVID-19 

disease." PLoS pathogens 16(5): e1008536. 

  

Terraube, V., J. O’donnell and P. Jenkins (2010). "Factor VIII and von 

Willebrand factor interaction: biological, clinical and therapeutic importance." 

Haemophilia 16(1): 3-13. 

  

Van Belle, E., F. Vincent, A. Rauch, C. Casari, E. Jeanpierre, V. Loobuyck, et 

al. (2019). "von Willebrand factor and management of heart valve disease: 

JACC review topic of the week." Journal of the American College of 

Cardiology 73(9): 1078-1088. 

  



           s Refrence                                                                                     five Chapter    

011 
 

Varga, Z., A. J. Flammer, P. Steiger, M. Haberecker, R. Andermatt, A. S. 

Zinkernagel, et al. (2020). "Endothelial cell infection and endotheliitis in 

COVID-19." The Lancet 395(10234): 1417-1418. 

  

Wang, N., O. Rosen, L. Wang, H. L. Turner, L. J. Stevens, K. S. Corbett, et al. 

(2019). "Structural definition of a neutralization-sensitive epitope on the MERS-

CoV S1-NTD." Cell reports 28(13): 3395-3405. e3396. 

  

Wang, Y., L. Luo, O. Ö. Braun, J. Westman, R. Madhi, H. Herwald, et al. 

(2018). "Neutrophil extracellular trap-microparticle complexes enhance 

thrombin generation via the intrinsic pathway of coagulation in mice." Scientific 

reports 8(1): 1-14. 

  

Wang, Y., L. Shi, Y. Wang, G. Duan and H. Yang (2020). "Albumin and total 

bilirubin for severity and mortality in coronavirus disease 2019 patients." 

Journal of Clinical Laboratory Analysis 34(7). 

  

Wilder-Smith, A. and D. O. Freedman (2020). "Isolation, quarantine, social 

distancing and community containment: pivotal role for old-style public health 

measures in the novel coronavirus (2019-nCoV) outbreak." Journal of travel 

medicine 27(2): taaa020. 

  

Witsch, T., K. Martinod, N. Sorvillo, I. Portier, S. F. De Meyer and D. D. 

Wagner (2018). "Recombinant human ADAMTS13 treatment improves 

myocardial remodeling and functionality after pressure overload injury in 

mice." Journal of the American Heart Association 7(3): e007004. 

  

Woelfel, R., V. M. Corman, W. Guggemos, M. Seilmaier, S. Zange, M. A. 

Mueller, et al. (2020). "Clinical presentation and virological assessment of 

hospitalized cases of coronavirus disease 2019 in a travel-associated 

transmission cluster." Medrxiv. 

  

Wolff, D., S. Nee, N. S. Hickey and M. Marschollek (2020). "Risk factors for 

Covid-19 severity and fatality: a structured literature review." Infection: 1-14. 

  

Wu, Y., X. Xu, Z. Chen, J. Duan, K. Hashimoto, L. Yang, et al. (2020). 

"Nervous system involvement after infection with COVID-19 and other 

coronaviruses." Brain, behavior, and immunity 87: 18-22. 



           s Refrence                                                                                     five Chapter    

010 
 

  

Yoshioka‐Maeda, K., R. Iwasaki‐Motegi and C. Honda (2020). "Preventing the 

dysfunction of public health centres responding to COVID‐19 by focusing on 

public health nurses in Japan." Journal of advanced nursing. 

  

Zaki, A. (2012). "van BS, Bestebroer TM, Osterhaus AD, Fouchier RA. 

Isolation of a novel coronavirus from a man with pneumonia in Saudi Arabia." 

N Engl J Med 367(19): 1814-1820. 

  

Zander, C. B., W. Cao and X. L. Zheng (2015). "ADAMTS13 and von 

Willebrand factor interactions." Current opinion in hematology 22(5): 452. 

  

Zhang, J., L. Zhou, Y. Yang, W. Peng, W. Wang and X. Chen (2020). 

"Therapeutic and triage strategies for 2019 novel coronavirus disease in fever 

clinics." The Lancet Respiratory Medicine 8(3): e11-e12. 

  

Zhang, J. j., Y. y. Cao, G. Tan, X. Dong, B. c. Wang, J. Lin, et al. (2021). 

"Clinical, radiological, and laboratory characteristics and risk factors for 

severity and mortality of 289 hospitalized COVID‐19 patients." Allergy 76(2): 

533-550. 

  

Zhang, Q., Y.-F. Zhou, C.-Z. Zhang, X. Zhang, C. Lu and T. A. Springer 

(2009). "Structural specializations of A2, a force-sensing domain in the 

ultralarge vascular protein von Willebrand factor." Proceedings of the National 

Academy of Sciences 106(23): 9226-9231. 

  

Zhu, J., J. Muia, G. Gupta, L. A. Westfield, K. Vanhoorelbeke, N. H. Tolia, et 

al. (2019). "Exploring the ―minimal‖ structure of a functional ADAMTS13 by 

mutagenesis and small-angle X-ray scattering." Blood, The Journal of the 

American Society of Hematology 133(17): 1909-1918. 

  

Zhu, N., D. Zhang, W. Wang, X. Li, B. Yang, J. Song, et al. (2020). "A novel 

coronavirus from patients with pneumonia in China, 2019." New England 

Journal of Medicine. 

  

Zhu, X., Y. Ge, T. Wu, K. Zhao, Y. Chen, B. Wu, et al. (2020). "Co-infection 

with respiratory pathogens among COVID-2019 cases." Virus Research 285: 

198005. 



           s Refrence                                                                                     five Chapter    

019 
 

  

Al-Khazraji, S. K. (2010). "Estimation of Selenium Level in Serum of Iraqi 

Thalassemic Patients After Ferritin Assay." Al-Mustansiriyah Journal of 

Pharmaceutical Sciences (AJPS) 7(1): 73-80. 

  

Kawada, H., J. Fujita, K. Kinjo, Y. Matsuzaki, M. Tsuma, H. Miyatake, et al. 

(2004). "Nonhematopoietic mesenchymal stem cells can be mobilized and 

differentiate into cardiomyocytes after myocardial infarction." Blood 104(12): 

3581-3587. 

  

Murray, J. F., M. A. Matthay, J. M. Luce and M. R. Flick (1988). "An expanded 

definition of the adult respiratory distress syndrome." Am Rev Respir Dis 

138(3): 720-723. 

  

Sorkin, J. D., D. C. Muller and R. Andres (1999). "Longitudinal change in 

height of men and women: implications for interpretation of the body mass 

index: the Baltimore Longitudinal Study of Aging." American journal of 

epidemiology 150(9): 969-977. 

  

Woo, S.-Y., B. Simon, S. Kuei and W. Akeson (1980). "Quasi-linear 

viscoelastic properties of normal articular cartilage." 

  

Ackermann, M., S. E. Verleden, M. Kuehnel, A. Haverich, T. Welte, F. 

Laenger, et al. (2020). "Pulmonary vascular endothelialitis, thrombosis, and 

angiogenesis in Covid-19." New England Journal of Medicine 383(2): 120-128. 

  

Adam, E., K. Zacharowski and W. Miesbach (2020). "A comprehensive 

assessment of the coagulation profile in critically ill COVID-19 patients." 

Thrombosis research 194: 42-44. 

  

Aiello, A., F. Farzaneh, G. Candore, C. Caruso, S. Davinelli, C. M. Gambino, et 

al. (2019). "Immunosenescence and its hallmarks: how to oppose aging 

strategically? A review of potential options for therapeutic intervention." 

Frontiers in immunology 10: 2247. 

  

Akhmerov, A. and E. Marbán (2020). "COVID-19 and the heart." Circulation 

research 126(10): 1443-1455. 



           s Refrence                                                                                     five Chapter    

019 
 

  

Arachchillage, D. R. and M. Laffan (2020). "Abnormal coagulation parameters 

are associated with poor prognosis in patients with novel coronavirus 

pneumonia." Journal of Thrombosis and Haemostasis 18(5): 1233. 

  

Artifoni, M., G. Danic, G. Gautier, P. Gicquel, D. Boutoille, F. Raffi, et al. 

(2020). "Systematic assessment of venous thromboembolism in COVID-19 

patients receiving thromboprophylaxis: incidence and role of D-dimer as 

predictive factors." Journal of thrombosis and thrombolysis 50: 211-216. 

  

Atallah, B., S. I. Mallah and W. AlMahmeed (2020). Anticoagulation in 

COVID-19, Oxford University Press. 

  

Barbé-Tuana, F., G. Funchal, C. R. R. Schmitz, R. M. Maurmann and M. E. 

Bauer (2020). The interplay between immunosenescence and age-related 

diseases. Seminars in immunopathology, Springer. 

  

Barnes, B. J., J. M. Adrover, A. Baxter-Stoltzfus, A. Borczuk, J. Cools-

Lartigue, J. M. Crawford, et al. (2020). "Targeting potential drivers of COVID-

19: Neutrophil extracellular traps." Journal of Experimental Medicine 217(6). 

  

Barrett, C. D., H. B. Moore, M. B. Yaffe and E. E. Moore (2020). "ISTH 

interim guidance on recognition and management of coagulopathy in COVID-

19: a comment." J Thromb Haemost 18(8): 2060-2063. 

  

Bennett, P. C., D. A. Lane and G. Y. Lip (2 000" .) Vital exhaustion and 

cardiovascular disease: Are circulating fibrinogen and D-dimer levels a 

plausible link?" Stress 11(4): 247-249. 

  

Bonafè, M., F. Prattichizzo, A. Giuliani, G. Storci, J. Sabbatinelli and F. 

Olivieri (2020). "Inflamm-aging: why older men are the most susceptible to 

SARS-CoV-2 complicated outcomes." Cytokine & growth factor reviews 53: 

33-37. 

  

Bonanad, C., S. García-Blas, F. Tarazona-Santabalbina, J. Sanchis, V. 

Bertomeu-González, L. Fácila, et al. (2020). "The effect of age on mortality in 

patients with COVID-19: a meta-analysis with 611,583 subjects." Journal of the 

American Medical Directors Association 21(7): 915-918. 



           s Refrence                                                                                     five Chapter    

019 
 

  

Boor, P. and A. Hartmann (2020). "Late Breaking Session Pathology and 

COVID-19 Report." Der Pathologe. 

  

Borjini, N., M. Fernández, L. Giardino and L. Calzà (2016). "Cytokine and 

chemokine alterations in tissue, CSF, and plasma in early presymptomatic phase 

of experimental allergic encephalomyelitis (EAE), in a rat model of multiple 

sclerosis." Journal of neuroinflammation 13(1): 1-16. 

  

Braam, L. A., A. P. Hoeks, F. Brouns, K. Hamulyák, M. J. Gerichhausen and C. 

Vermeer (2004). "Beneficial effects of vitamins D and K on the elastic 

properties of the vessel wall in postmenopausal women: a follow-up study." 

Thrombosis and haemostasis 91(02): 373-380. 

  

Brito, J. C. M., W. G. Lima, L. P. B. Cordeiro and W. S. da Cruz Nizer (2021). 

"Effectiveness of supplementation with quercetin‐type flavonols for treatment 

of viral lower respiratory tract infections: Systematic review and meta‐analysis 

of preclinical studies." Phytotherapy Research. 

  

Cade, J. F. (1982). "High risk of the critically ill for venous thromboembolism." 

Critical care medicine 10(7): 448-450. 

  

Campbell, A. W. (2017). "Vitamin K^ sub 2^ in the Prevention of 

Cardiovascular Diseases and Diabetes." Alternative therapies in health and 

medicine 23(2): 8. 

  

Catto, A. J., A. M. Carter, J. H. Barrett, J. Bamford, P. J. Rice and P. J. Grant 

(1997). "Von Willebrand factor and factor VIII: C in acute cerebrovascular 

disease." Thrombosis and haemostasis 77(06): 1104-1108. 

  

Cheng, Y., L. Sun, Z. Xie, X. Fan, Q. Cao, J. Han, et al. (2017). "Diversity of 

immune cell types in multiple sclerosis and its animal model: Pathological and 

therapeutic implications." Journal of neuroscience research 95(10): 1973-1983. 

  

Cheung, S., J. C. Quiwa, A. Pillai, C. Onwu, Z. J. Tharayil and R. Gupta (2020). 

"Superior mesenteric artery thrombosis and acute intestinal ischemia as a 

consequence of COVID-19 infection." The American Journal of Case Reports 

21: e925753-925751. 



           s Refrence                                                                                     five Chapter    

019 
 

  

Choi, B., K. J. Yeum, S. J. Park, K. N. Kim and N. S. Joo (2015). "Elevated 

serum ferritin and mercury concentrations are associated with hypertension; 

analysis of the fourth and fifth Korea national health and nutrition examination 

survey (KNHANES IV‐2, 3, 2008–2009 and V‐1, 2010)." Environmental 

toxicology 30(1): 101-108. 

  

Chousterman, B. G., F. K. Swirski and G. F. Weber (2017). Cytokine storm and 

sepsis disease pathogenesis. Seminars in immunopathology, Springer. 

  

Chu, H., J. F.-W. Chan, Y. Wang, T. T.-T. Yuen, Y. Chai, Y. Hou, et al. (2020). 

"Comparative replication and immune activation profiles of SARS-CoV-2 and 

SARS-CoV in human lungs: an ex vivo study with implications for the 

pathogenesis of COVID-1 9 ". Clinical Infectious Diseases 71(6): 1400-1409. 

  

Ciarambino, T., O. Para and M. Giordano (2021). "Immune system and 

COVID-19 by sex differences and age." Women's Health 17: 

17455065211022262. 

  

Colafrancesco, S., C. Alessandri, F. Conti and R. Priori (0000" .) COVID-19 

gone bad: A new character in the spectrum of the hyperferritinemic syndrome?" 

Autoimmunity reviews 19(7): 102573. 

  

Connors, J. M. and J. H. Levy (2020). "COVID-19 and its implications for 

thrombosis and anticoagulation." Blood 135(23): 0022-0000.  

  

Connors, J. M. and J. H. Levy (2020). "Thromboinflammation and the 

hypercoagulability of COVID-19." J Thromb Haemost 18(7): 1559-1561. 

  

Conti, P., G. Ronconi, A. Caraffa, C. Gallenga, R. Ross, I. Frydas, et al. (2020). 

"Induction of pro-inflammatory cytokines (IL-1 and IL-6) and lung 

inflammation by Coronavirus-19 (COVI-19 or SARS-CoV-2): anti-

inflammatory strategies." J Biol Regul Homeost Agents 34(2): 1. 

  

Coperchini, F., L. Chiovato, L. Croce, F. Magri and M. Rotondi (2020). "The 

cytokine storm in COVID-19: An overview of the involvement of the 

chemokine/chemokine-receptor system." Cytokine & growth factor reviews 53: 

25-32. 



           s Refrence                                                                                     five Chapter    

019 
 

  

COVID, T. (2020). "The first COVID-19 autopsy in Spain performed during the 

early stages of the pandemic." Revista Española de Patología 53(3): 182-187. 

  

Crowther, M., E. McDonald, M. Johnston and D. Cook (2002). "Vitamin K 

deficiency and D-dimer levels in the intensive care unit: a prospective cohort 

study." Blood Coagulation & Fibrinolysis 13(1): 49-52. 

  

Cui, S. ,S. Chen, X. Li, S. Liu and F. Wang (2020). "Prevalence of venous 

thromboembolism in patients with severe novel coronavirus pneumonia." 

Journal of Thrombosis and Haemostasis 18(6): 1421-1424. 

  

Dahlbäck, B. (2000). "Blood coagulation." The Lancet 355(921 5 :)7201-7220.  

  

Dalmeijer, G. W., Y. T. Van der Schouw, C. Vermeer, E. J. Magdeleyns, L. J. 

Schurgers and J. W. Beulens (2013). "Circulating matrix Gla protein is 

associated with coronary artery calcification and vitamin K status in healthy 

women." The Journal of nutritional biochemistry 24(4): 624-628. 

  

Danzi, G. B., M. Loffi, G. Galeazzi and E. Gherbesi (2020). "Acute pulmonary 

embolism and COVID-19 pneumonia: a random association?" European heart 

journal 41(19): 1858-1858. 

  

Danziger, J. (2008). "Vitamin K-dependent proteins, warfarin, and vascular 

calcification." Clinical journal of the American society of nephrology 3(5): 

1504-1510. 

  

De Meyer, S. F., T. Schwarz, H. Deckmyn, C. V. Denis, B. Nieswandt, G. Stoll, 

et al. (2010). "Binding of von willebrand factor to collagen and glycoprotein 

Ibα, but not to glycoprotein IIb/IIIa, contributes to ischemic stroke in mice—

brief report." Arteriosclerosis, thrombosis, and vascular biology 30(10): 1949-

1951. 

  

DeGoma, E. M., R. L. degoma and D. J. Rader (2008" .)Beyond high-density 

lipoprotein cholesterol levels: evaluating high-density lipoprotein function as 

influenced by novel therapeutic approaches." Journal of the American College 

of Cardiology 51(23): 2199-2211. 

  



           s Refrence                                                                                     five Chapter    

019 
 

degoma, E. M., N. J. Leeper and P. A. Heidenreich (2008). "Clinical 

significance of high-density lipoprotein cholesterol in patients with low low-

density lipoprotein cholesterol." Journal of the American College of Cardiology 

51(1): 49-55. 

  

Demelo-Rodríguez, P., E. Cervilla-Muñoz, L. Ordieres-Ortega, A. Parra-Virto, 

M. Toledano-Macías, N. Toledo-Samaniego, et al. (2020). "Incidence of 

asymptomatic deep vein thrombosis in patients with COVID-19 pneumonia and 

elevated D-dimer levels." Thrombosis research 192: 23-26. 

  

Denorme, F. and S. F. De Meyer (2016). "The VWF-GPIb axis in ischaemic 

stroke: lessons from animal models." Thrombosis and haemostasis 116(10): 

597-604. 

  

Derhaschnig, U., I. Schweeger-Exeli, C. Marsik, F. Cardona, P. Minuz and B. 

Jilma (2010). "Effects of aspirin and NO-aspirin (NCX 4016) on platelet 

function and coagulation in human endotoxemia." Platelets 21(5): 320-328. 

  

Dofferhoff, A. S., I. Piscaer, L. J. Schurgers, M. P. Visser, J. M. van den 

Ouweland, P. A. de Jong, et al. (2020). "Reduced vitamin K status as a 

potentially modifiable risk factor of severe COVID-19." Clinical Infectious 

Diseases: an Official Publication of the Infectious Diseases Society of America. 

  

Dofferhoff, A. S., I. Piscaer, L. J. Schurgers, J. Walk, J. M. Van Den Ouweland, 

T. M. Hackeng, et al. (20 00 .)" Reduced vitamin K status as a potentially 

modifiable prognostic risk factor in COVID-19." 

  

Douglas, A., S. Fitzgerald, O. M. Mereuta, R. Rossi, S. O'Leary, A. Pandit, et 

al. (2020). "Platelet-rich emboli are associated with von Willebrand factor levels 

and have poorer revascularization outcomes." Journal of neurointerventional 

surgery 12(6): 557-562. 

  

Driggin, E., M. V. Madhavan, B. Bikdeli, T. Chuich, J. Laracy, G. Biondi-

Zoccai, et al. (2020). "Cardiovascular considerations for patients, health care 

workers, and health systems during the COVID-19 pandemic." Journal of the 

American College of Cardiology 75(18): 2352-2371. 

  



           s Refrence                                                                                     five Chapter    

019 
 

Enomoto, N., T. Suda, M. Kono, Y. Kaida, D. Hashimoto, T. Fujisawa, et al. 

(2013). "Amount of elastic fibers predicts prognosis of idiopathic pulmonary 

fibrosis." Respiratory medicine 107(10): 1608-1616. 

  

Escher, R., N. Breakey and B. Lämmle (2020). "ADAMTS13 activity, von 

Willebrand factor, factor VIII and D-dimers in COVID-19 inpatients." 

Thrombosis research 192: 174-175. 

  

Esmon, C. T., S. Vigano-D’Angelo and A. D’Angelo (1987). "Anticoagulation 

proteins C and S." The New Dimensions of Warfarin Prophylaxis: 47-54. 

  

Espana, F., P. Medina, S. Navarro, E. Zorio, A. Estellés and J. Aznar (2005). 

"The multifunctional protein C system." Current Medicinal Chemistry-

Cardiovascular & Hematological Agents 3(2): 119-131. 

  

Farndale, R., J. Sixma, M. J. Barnes and P. G. De Groot (2004). "The role of 

collagen in thrombosis and hemostasis." Journal of Thrombosis and 

Haemostasis 2(4): 5 27-512.  

  

Fecchi, K., S. Anticoli, D. Peruzzu, E. Iessi, M. C. Gagliardi, P. Matarrese, et al. 

(2020). "Coronavirus interplay with lipid rafts and autophagy unveils promising 

therapeutic targets." Frontiers in microbiology 11: 1821. 

  

Fei, Y., N. Tang, H. Liu and W. Cao (2020). "Coagulation DysfunctionA 

Hallmark in COVID-19." Archives of pathology & laboratory medicine 

144(10): 1223-1229. 

  

Feingold, K. R. (2020). "Lipid and lipoprotein levels in patients with COVID-

19 infections." Endotext [Internet]. 

  

Ferrario, C. M., J. Jessup, M. C. Chappell, D. B. Averill, K. B. Brosnihan, E. A. 

Tallant, et al. (2005). "Effect of angiotensin-converting enzyme inhibition and 

angiotensin II receptor blockers on cardiac angiotensin-converting enzyme 2." 

Circulation 111 (00 :)0205-0270.  

  

Firbas, C., J. M. Siller-Matula and B. Jilma (2010). "Targeting von Willebrand 

factor and platelet glycoprotein Ib receptor." Expert review of cardiovascular 

therapy 8(12): 1689-1701. 



           s Refrence                                                                                     five Chapter    

012 
 

  

Fogarty, H., L. Townsend, C. Ni Cheallaigh, C. Bergin, I. Martin‐Loeches, P. 

Browne, et al. (2020). "COVID19 coagulopathy in Caucasian patients." British 

journal of haematology 189(6): 1044-1049. 

  

Frantzeskaki, F., A. Armaganidis and S. E. Orfanos (2017). 

"Immunothrombosis in acute respiratory distress syndrome: cross talks between 

inflammation and coagulation." Respiration 93(3): 212-225. 

  

Gardiner, E. E. and R. K. Andrews (2014). "Structure and function of platelet 

receptors initiating blood clotting." A Systems Biology Approach to Blood: 

263-275. 

  

Giamarellos-Bourboulis, E. J., M. G. Netea, N. Rovina, K. Akinosoglou, A. 

Antoniadou, N. Antonakos, et al. (2020). "Complex immune dysregulation in 

COVID-19 patients with severe respiratory failure." Cell host & microbe 27(6): 

992-1000. e1003. 

  

Gómez-Pastora, J., M. Weigand, J. Kim, X. Wu, J. Strayer, A. F. Palmer, et al. 

(2020). "Hyperferritinemia in critically ill COVID-19 patients–is ferritin the 

product of inflammation or a pathogenic mediator?" Clinica Chimica Acta; 

International Journal of Clinical Chemistry 509: 249. 

  

Gragnano, F., S. Sperlongano, E. Golia, F. Natale, R. Bianchi, M. Crisci, et al. 

(2017). "The role of von Willebrand factor in vascular inflammation: from 

pathogenesis to targeted therapy." Mediators of inflammation 2017. 

  

Gruber, C. N., R. S. Patel, R. Trachtman, L. Lepow, F. Amanat, F. Krammer, et 

al. (2020). "Mapping systemic inflammation and antibody responses in 

multisystem inflammatory syndrome in children (MIS-C)." Cell 183(4): 982-

995. e914. 

  

Guan, W.-j., Z.-y. Ni, Y. Hu, W.-h. Liang, C.-q. Ou, J.-x. He, et al. (2020). 

"Clinical characteristics of coronavirus disease 2019 in China." New England 

Journal of Medicine 382(18): 1708-1720. 

  

Guéant, J. L., R. M. Guéant‐Rodriguez, J. Fromonot, A. Oussalah, H. Louis, C. 

Chery, et al. (2021). "Elastase and exacerbation of neutrophil innate immunity 



           s Refrence                                                                                     five Chapter    

001 
 

are involved in multi‐visceral manifestations of COVID‐19." Allergy 76(6): 

1846-1858. 

  

Han, H., L. Yang, R. Liu, F. Liu, K.-l. Wu, J. Li, et al. (2020). "Prominent 

changes in blood coagulation of patients with SARS-CoV-2 infection." Clinical 

Chemistry and Laboratory Medicine (CCLM) 58(7): 1116-1120. 

  

Harr, J. N., E. E. Moore, T. L. Chin, A. Ghasabyan, E. Gonzalez, M. V. 

Wohlauer, et al. (2014). "Post-injury hyperfibrinogenemia compromises 

efficacy of heparin-based VTE prophylaxis." Shock (Augusta, Ga.) 41(1): 33. 

  

Hu, B., S. Huang and L. Yin (2021). "The cytokine storm and COVID‐19." 

Journal of medical virology 93(1): 250-256. 

  

Huang, C., Y. Wang, X. Li, L. Ren, J. Zhao, Y. Hu, et al ( .0000" .) Clinical 

features of patients infected with 2019 novel coronavirus in Wuhan, China." 

The Lancet 395(10223): 497-506. 

  

Huang, Z.-X., W. Li, E. Lu, X. Yan, J. Lin and L. Zhuo (2020). "Peripheral 

blood CD4+ cell counts but not CD3+ and CD8+ cell counts are reduced in 

SARS-CoV-2 infection." Journal of affective disorders 277: 375-378. 

  

Huisman, A., R. Beun, M. Sikma, J. Westerink and N. Kusadasi (2020). 

"Involvement of ADAMTS13 and von Willebrand factor in thromboembolic 

events in patients infected with SARS‐CoV‐2." International journal of 

laboratory hematology. 

  

Jamshidi-Naeini, Y., A. K. Bavil, A. Egal and W. Oldewage-Theron (2019). 

"Hemoglobin and ferritin concentrations are positively associated with blood 

pressure and hypertension risk in older adults: a retrospective cross-sectional 

study, Sharpeville, South Africa." Asia Pacific journal of clinical nutrition 

28(3): 533-543. 

  

Jayaraj, R., C. Kumarasamy, S. S. Shetty and P. Shaw (2020). "Clinical and 

conceptual comments on ―Risk factors of critical & mortal COVID-19 cases: A 

systematic literature review and meta-analysis‖." Journal of Infection 81(4): 

647-679. 

  



           s Refrence                                                                                     five Chapter    

000 
 

Joly, B. S., P. Coppo and A. Veyradier (2017). "Thrombotic thrombocytopenic 

purpura." Blood, The Journal of the American Society of Hematology 129(21): 

2836-2846. 

  

Katneni, U. K., A. Alexaki, R. Hunt, T. Schiller, M. DiCuccio, P. W. Buehler, 

et al. (2020). "Consumptive Coagulopathy and Thrombosis during severe 

COVID-19 infection: Potential Involvement of VWF/ADAMTS13." 

  

Katneni, U. K., A. Alexaki, R. C. Hunt, T. Schiller, M. DiCuccio, P. W. 

Buehler, et al. (2020). "Coagulopathy and thrombosis as a result of severe 

COVID-19 infection: a microvascular focus." Thrombosis and haemostasis. 

  

Kee, C., C. Metz-Zumaran, P. Doldan, C. Guo, M. Stanifer and S. Boulant 

(2021). "Increased sensitivity of SARS-CoV-2 to type III interferon in human 

intestinal epithelial cells." bioRxiv. 

  

Khalid, M., Y. Al-ebini, D. Murphy and M. Shoai (2021). "Host's Specific 

SARS-CoV-2 Mutations: Insertion of the Phenylalanine in the NSP6 Linked to 

the United Kingdom and Premature Termination of the ORF-8 Associated with 

the European and the United States of America Derived Samples." bioRxiv: 

2020.2012. 2029.424530. 

  

Kiechl, S., P. Werner, M. Knoflach, M. Furtner, J. Willeit and G. Schett (2006). 

"The osteoprotegerin/RANK/RANKL system: a bone key to vascular disease." 

Expert review of cardiovascular therapy 4(6): 801-811. 

  

Kim, L., M. Whitaker, A. O’Halloran, A. Kambhampati, S. J. Chai, A. 

Reingold, et al. (0000" .) Hospitalization rates and characteristics of children 

aged< 18 years hospitalized with laboratory-confirmed COVID-19—COVID-

NET, 14 States, March 1–July 25, 2020." Morbidity and mortality weekly report 

69(32): 1081. 

  

Klok, F., M. Kruip, N. Van der Meer, M. Arbous, D. Gommers, K. Kant, et al. 

(2020). "Confirmation of the high cumulative incidence of thrombotic 

complications in critically ill ICU patients with COVID-19: an updated 

analysis." Thrombosis research 191: 148-150. 

  



           s Refrence                                                                                     five Chapter    

009 
 

Klok, F., M. Kruip, N .Van der Meer, M. Arbous, D. Gommers, K. Kant, et al. 

(2020). "Incidence of thrombotic complications in critically ill ICU patients 

with COVID-19." Thrombosis research 191: 145-147. 

  

Kollias, A., K. G. Kyriakoulis, E. Dimakakos, G. Poulakou, G. S. Stergiou and 

K. Syrigos (2020). "Thromboembolic risk and anticoagulant therapy in COVID‐

19 patients: emerging evidence and call for action." British journal of 

haematology 189(5): 846-847. 

  

Kompaniyets, L., A. B. Goodman, B. Belay, D. S. Freedman, M. S. Sucosky, S. 

J. Lange, et al. (2021). "Body mass index and risk for COVID-19–related 

hospitalization, intensive care unit admission, invasive mechanical ventilation, 

and death—united states, march–december 2020." Morbidity and mortality 

weekly report 70(10): 35 5.  

  

Kovacevic, K. D., N. Buchtele, C. Schoergenhofer, U. Derhaschnig, G. 

Gelbenegger, C. Brostjan, et al. (2020). "The aptamer BT200 effectively 

inhibits von Willebrand factor (VWF) dependent platelet function after 

stimulated VWF release by desmopressin or endotoxin." Scientific reports 

10(1): 1-9. 

  

Kremer Hovinga, J. A., S. Zeerleder, P. Kessler, T. Romani de Wit, J. Van 

Mourik, C. Hack, et al. (2007). "ADAMTS‐13, von Willebrand factor and 

related parameters in severe sepsis and septic shock." Journal of Thrombosis 

and Haemostasis 5(11): 2284-2290. 

  

Kudelko, M., T. F. Yip, G. C. Hei Law and S. M. Y. Lee (2021). "Potential 

Beneficial Effects of Vitamin K in SARS-CoV-2 Induced Vascular Disease?" 

Immuno 1(1): 17-29. 

  

Ladikou, E. E., H. Sivaloganathan, K. M. Milne, W. E. Arter, R. Ramasamy, R. 

Saad, et al. (2020). "Von Willebrand factor (vWF): marker of endothelial 

damage and thrombotic risk in COVID-19?" Clinical Medicine 20(5): e178. 

  

Lam, K. W., K. W. Chow, J. Vo, W. Hou, H. Li, P. S. Richman, et al ( .0000 .)

"Continued in-hospital ACE inhibitor and ARB use in hypertensive COVID-19 

patients is associated with positive clinical outcomes." The Journal of Infectious 

Diseases. 

  



           s Refrence                                                                                     five Chapter    

009 
 

Larkin, D., B. de Laat, P. V. Jenkins, J. Bunn, A. G. Craig, V. Terraube, et al. 

(2009). "Severe Plasmodium falciparum malaria is associated with circulating 

ultra-large von Willebrand multimers and ADAMTS13 inhibition." PLoS 

pathogens 5(3): e1000349. 

  

Leisman, D. E., L. Ronner, R. Pinotti, M. D. Taylor, P. Sinha, C. S. Calfee, et 

al. (2020). "Cytokine elevation in severe and critical COVID-19: a rapid 

systematic review, meta-analysis, and comparison with other inflammatory 

syndromes." The Lancet Respiratory Medicine. 

  

Lenting, P. J., O. D. Christophe and C. V. Denis (2015). "von Willebrand factor 

biosynthesis, secretion, and clearance: connecting the far ends." Blood, The 

Journal of the American Society of Hematology 125(13): 2019-2028. 

  

Letzel, V., M. Pozas and C. Schneider (2020). "Energetic students, stressed 

parents, and nervous teachers: A comprehensive exploration of inclusive 

homeschooling during the COVID-19 crisis." Open Education Studies 2(1): 

159-170. 

  

Li, X., S. Xu, M. Yu, K. Wang, Y. Tao, Y. Zhou, et al. (2020). "Risk factors for 

severity and mortality in adult COVID-19 inpatients in Wuhan." Journal of 

Allergy and Clinical Immunology 146(1): 110-118. 

  

Lin, Z., F. Long, Y. Yang, X. Chen, L. Xu and M. Yang (2020). "Serum ferritin 

as an independent risk factor for severity in COVID-19 patients." Journal of 

Infection 81(4): 647-679. 

  

Linkins, L. A. and S. Takach Lapner (2017). "Review of D‐dimer testing: good, 

Bad, and Ugly." International journal of laboratory hematology 39: 98-103. 

  

Liu, C., L. Zhao, J. Zhao, Q. Xu, Y. Song and H. Wang (2017). "Reduced 

ADAMTS-1 2 level negatively correlates with inflammation factors in plasma of 

acute myeloid leukemia patients." Leukemia research 53: 57-64. 

  

Liu, X., X. Liu, Y. Xu, Z. Xu, Y. Huang, S. Chen, et al. (2020). "Ventilatory 

ratio in hypercapnic mechanically ventilated patients with COVID-19–

associated acute respiratory distress syndrome." American journal of respiratory 

and critical care medicine 201(10): 1297-1299. 



           s Refrence                                                                                     five Chapter    

009 
 

  

Lodigiani, C., G. Iapichino, L. Carenzo, M. Cecconi, P. Ferrazzi, T. Sebastian, 

et al. (2020). "Venous and arterial thromboembolic complications in COVID-19 

patients admitted to an academic hospital in Milan, Italy." Thrombosis research 

191: 9-14. 

  

Lu, K., L. Liu, X. Xu, F. Zhao, J. Deng, X. Tang, et al. (2020). "ADAMTS13 

ameliorates inflammatory responses in experimental autoimmune 

encephalomyelitis." Journal of neuroinflammation 17(1): 1-13. 

  

Lu, R. "XZ (30 de Enero de 2020). Caracterización genómica y epidemiología 

del nuevo coronavirus 2019: implicaciones para los orígenes del virus y la unión 

al receptor." The Lancet 395(10224): 566-568. 

  

Luthra-Guptasarma, M. and P. Guptasarma "Inflammation begets hyper-

inflammation in Covid-19: Diet-derived chronic inflammation promotes 

runaway acute inflammation resulting in cytokine storms." 

  

Malik, J., U. Ishaq, T. Laique, A. Ashraf, A. Malik, M. A. Rathore, et al. 

(2021). "Effect of COVID-19 on lipid profile and its correlation with acute 

phase reactants." Medrxiv. 

  

Mancini, I., L. Baronciani, A. Artoni, P. Colpani, M. Biganzoli, G. Cozzi, et al. 

(2021).  " The ADAMTS13‐von Willebrand factor axis in COVID‐19 patients." 

Journal of Thrombosis and Haemostasis 19(2): 513-521. 

  

Marco, A. and P. Marco (2021). "Von Willebrand factor and ADAMTS13 

activity as clinical severity markers in patients with COVID-19." Journal of 

thrombosis and thrombolysis: 1-7. 

  

Martinelli, N., M. Montagnana, F. Pizzolo, S. Friso, G. L. Salvagno, G. L. 

Forni, et al. (2020). "A relative ADAMTS13 deficiency supports the presence of 

a secondary microangiopathy in COVID 19." Thrombosis research 193: 170-

172. 

  

Mauvais-Jarvis, F. (2020). "Aging, male sex, obesity, and metabolic 

inflammation create the perfect storm for COVID-19." Diabetes 69(9): 1857-

1863. 



           s Refrence                                                                                     five Chapter    

009 
 

  

Middeldorp, S., M. Coppens, T. F. van Haaps, M. Foppen, A. P. Vlaar, M. C. 

Müller, et al. (2020). "Incidence of venous thromboembolism in hospitalized 

patients with COVID‐19." Journal of Thrombosis and Haemostasis 18(8): 1995-

2002. 

  

Mishra, Y., B. K. Pathak, S. S. Mohakuda, T. Tilak, S. Sen, P. Harikrishnan, et 

al. (2020). "Relation of D-dimer levels of COVID-19 patients with diabetes 

mellitus." Diabetes & Metabolic Syndrome: Clinical Research & Reviews 

14(6): 1927-1930. 

  

Munroe, P. B., R. O. Olgunturk, J.-P. Fryns, L. Van Maldergem, F. Ziereisen, 

B. Yuksel, et al. (1999). "Mutations in the gene encoding the human matrix Gla 

protein cause Keutel syndrome." Nature genetics 21(1): 142-144. 

  

Ohsaki, Y., H. Shirakawa, A. Miura, P. E. Giriwono, S. Sato, A. Ohashi, et al. 

(2010). "Vitamin K suppresses the lipopolysaccharide-induced expression of 

inflammatory cytokines in cultured macrophage-like cells via the inhibition of 

the activation of nuclear factor κB through the repression of IKKα/β 

phosphorylation." The Journal of nutritional biochemistry 21(11): 1120-1126. 

  

Ono, T., J. Mimuro, S. Madoiwa, K. Soejima, Y. Kashiwakura, A. Ishiwata, et 

al. (2006). "Severe secondary deficiency of von Willebrand factor–cleaving 

protease (ADAMTS13) in patients with sepsis-induced disseminated 

intravascular coagulation: its correlation with development of renal failure." 

Blood 107(2): 528-534. 

  

Pan, M.-H., K. Maresz, P.-S. Lee, J.-C. Wu, C.-T. Ho, J. Popko, et al. (2016). 

"Inhibition of TNF-α, IL-1α, and IL-1β by pretreatment of human monocyte-

derived macrophages with menaquinone-7 and cell activation with TLR 

agonists in vitro." Journal of medicinal food 19(7): 663-669. 

  

Panigada, M., N. Bottino, P. Tagliabue, G. Grasselli, C. Novembrino, V. 

Chantarangkul, et al. (2020). "Hypercoagulability of COVID‐19 patients in 

intensive care unit: a report of thromboelastography findings and other 

parameters of hemostasis." Journal of Thrombosis and Haemostasis 18(7): 

1738-1742. 

  

Pavoni, V., L. Gianesello, M. Pazzi, C. Stera, T. Meconi and F. C. Frigieri 

(2020). "Venous thromboembolism and bleeding in critically ill COVID-19 



           s Refrence                                                                                     five Chapter    

009 
 

patients treated with higher than standard low molecular weight heparin doses 

and aspirin: a call to action." Thrombosis research 196: 313-317. 

  

Piscaer, I., J. M. van den Ouweland, K. Vermeersch, N. L. Reynaert, F. M. 

Franssen, S. Keene, et al. (2019). "Low vitamin K status is associated with 

increased elastin degradation in chronic obstructive pulmonary disease." Journal 

of clinical medicine 8(8): 1116. 

  

Piscaer, I., E. F. Wouters, C. Vermeer, W. Janssens, F. M. Franssen and R. 

Janssen (0071" .) Vitamin K deficiency: the linking pin between COPD and 

cardiovascular diseases?" Respiratory research 18(1): 1-7. 

  

Praksch, D., B. Sandor, D. Kovacs, P. Petrovics, K. Kovacs, K. Toth, et al. 

(2019). "Impact of home-and center-based physical training program on cardio-

metabolic health and IGF-1 level in elderly women." European Review of 

Aging and Physical Activity 16(1): 1-8. 

  

Randazzo, W., E. Cuevas-Ferrando, R. Sanjuán, P. Domingo-Calap and G. 

Sánchez (2020). "Metropolitan wastewater analysis for COVID-19 

epidemiological surveillance." International Journal of Hygiene and 

Environmental Health 230: 113621. 

  

Ranucci, M., A. Ballotta, U. Di Dedda, E. Bayshnikova, M. Dei Poli, M. Resta, 

et al. (2020). "The procoagulant pattern of patients with COVID‐19 acute 

respiratory distress syndrome." Journal of Thrombosis and Haemostasis 18(7): 

1747-1751. 

  

Reddi, K., B. Henderson, S. Meghji, M. Wilson, S. Poole, C. Hopper, et al. 

(1995). "Interleukin 6 production by lipopolysaccharide-stimulated human 

fibroblasts is potently inhibited by naphthoquinone (vitamin K) compounds." 

Cytokine 7(3): 287-290. 

  

Reiter, R. A., K. Varadi, P. L. Turecek, B. Jilma and P. Knöbl (2005). "Changes 

in ADAMTS13 (von-Willebrand-factor-cleaving protease) activity after induced 

release of von Willebrand factor during acute systemic inflammation." 

Thrombosis and haemostasis 93(03): 554-558. 

  

Roccaforte, V., M. Daves, G. Lippi, M. Spreafico and C. Bonato (2020). 

"Altered lipid profile in patients with COVID-19 infection." J Lab Precis Med. 



           s Refrence                                                                                     five Chapter    

009 
 

  

Sadler, J. (2005). "von Willebrand factor: two sides of a coin." Journal of 

Thrombosis and Haemostasis 3(8): 1702-1709. 

  

Sanders, Y. V., J. Eikenboom, E. M. de Wee, J. G. van der Bom, M. H. 

Cnossen, M. E. Degenaar‐Dujardin, et al. (2013). "Reduced prevalence of 

arterial thrombosis in von W illebrand disease." Journal of Thrombosis and 

Haemostasis 11(5): 845-854. 

  

Santos, C. S., C. M. Morales, E. D. Álvarez, C. Á. Castro, A. L. Robles and T. 

P. Sandoval (2020). "Determinants of COVID-19 disease severity in patients 

with underlying rheumatic disease." Clinical rheumatology 39(9): 2789-2796. 

  

Schenck, E. J., K. Hoffman, P. Goyal, J. Choi, L. Torres, K. Rajwani, et al. 

(2020). "Respiratory mechanics and gas exchange in COVID-19–associated 

respiratory failure." Annals of the American Thoracic Society 17(9): 1158-

1161. 

  

Schmidt-Arras, D. and S. Rose-John (2016). "IL-6 pathway in the liver: from 

physiopathology to therapy." Journal of hepatology 64(6): 1403-1415. 

  

Schurgers, L. J., J. Uitto and C. P. Reutelingsperger (2013). "Vitamin K-

dependent carboxylation of matrix Gla-protein: a crucial switch to control 

ectopic mineralization." Trends in molecular medicine 19(4): 217-226. 

  

Schutgens, R. E. (2021). "DOAC in COVID-19: Yes or No?" HemaSphere 5(1). 

  

Schutte, T., A. Thijs and Y. Smulders (2016). "Never ignore extremely elevated 

D-dimer levels: they are specific for serious illness." Neth J Med 74(10): 443-

448. 

  

Schwameis, M., C. Schörgenhofer, A. Assinger, M. M. Steiner and B. Jilma 

(2015)" .VWF excess and ADAMTS13 deficiency: a unifying pathomechanism 

linking inflammation to thrombosis in DIC, malaria, and TTP." Thrombosis and 

haemostasis 113(04): 708-718. 

  



           s Refrence                                                                                     five Chapter    

009 
 

Seaman, C., J. Yabes, D. Comer and M. Ragni (2015). "Does deficiency of von 

Willebrand factor protect against cardiovascular disease? Analysis of a national 

discharge register." Journal of Thrombosis and Haemostasis 13(11): 1999-2003. 

  

Shimabukuro-Vornhagen, A., P. Gödel, M. Subklewe, H. J. Stemmler, H. A. 

Schlößer, M. Schlaak, et al ( .0070" .) Cytokine release syndrome." Journal for 

immunotherapy of cancer 6(1): 1-14. 

  

Singh, S. and H. Singh (2020). "Generic information on fennel to combat cough 

and cold in COVID19 era." 

  

Smeets, N. J., R. Fijnheer, S. Sebastian and Q. De Mast (201 0" .) Secondary 

thrombotic microangiopathy with severely reduced ADAMTS13 activity in a 

patient with Capnocytophaga canimorsus sepsis: a case report." Transfusion 

58(10): 2426-2429. 

  

Song, P., W. Li, J. Xie, Y. Hou and C. You (2020). "Cytokine storm induced by 

SARS-CoV-2." Clinica Chimica Acta 509: 280-287. 

  

Spiel, A. O., U. Derhaschnig, M. Schwameis, J. Bartko, J. M. Siller-Matula and 

B. Jilma (2012). "Effects of prasugrel on platelet inhibition during systemic 

endotoxaemia: a randomized controlled trial." Clinical Science 123(10): 591-

600. 

  

Spronk, H., B. Soute, L. Schurgers, H. Thijssen, J. De Mey and C. Vermeer 

(2003). "Tissue-specific utilization of menaquinone-4 results in the prevention 

of arterial calcification in warfarin-treated rats." Journal of vascular research 

40(6): 531-537. 

  

Stasi, A., R. Franzin, M. Fiorentino, E. Squiccimarro, G. Castellano and L. 

Gesualdo (2021). "Multifaced Roles of HDL in Sepsis and SARS-CoV-2 

Infection: Renal Implications." International journal of molecular sciences 

22(11): 5980. 

  

Sumi, T. and K. Harada (2020). "Mechanism underlying hippocampal long-term 

potentiation and depression based on competition between endocytosis and 

exocytosis of AMPA receptors." Scientific reports 10(1): 1-14. 

  



           s Refrence                                                                                     five Chapter    

002 
 

Sweeney, J. M., M. Barouqa, G. J. Krause, J. D. Gonzalez-Lugo, S. Rahman 

and M. R. Gil (2021). "Low ADAMTS13 Activity Correlates with Increased 

Mortality in COVID-19 Patients." TH Open 5(01): e89-e103. 

  

Tabatabai, A., J. Rabin, J. Menaker, R. Madathil, S. Galvagno, A. Menne, et al. 

(2020). "Factor VIII and functional protein C activity in critically ill patients 

with coronavirus disease 2019: a case series." A&a Practice 14(7): e01236. 

  

Takaya, H., H. Kawaratani, T. Kubo, K. Seki, Y. Sawada, K. Kaji, et al. (2018). 

"Platelet hyperaggregability is associated with decreased ADAMTS13 activity 

and enhanced endotoxemia in patients with acute cholangitis." Hepatology 

Research 48(3): E52-E60. 

  

Tang, N., H. Bai, X. Chen, J. Gong, D. Li and Z. Sun (2020). "Anticoagulant 

treatment is associated with decreased mortality in severe coronavirus disease 

2019 patients with coagulopathy." Journal of Thrombosis and Haemostasis 

18(5): 1094-1099. 

  

Tang, N., D. Li, X. Wang and Z. Sun (2020). "Abnormal coagulation 

parameters are associated with poor prognosis in patients with novel 

coronavirus pneumonia." Journal of Thrombosis and Haemostasis 18(4): 844-

847. 

  

Testa, S., P. Prandoni, O. Paoletti, R. Morandini, M. Tala, C. Dellanoce, et al. 

(2020). "Direct oral anticoagulant plasma levels’ striking increase in severe 

COVID‐19 respiratory syndrome patients treated with antiviral agents: The 

Cremona experience." Journal of Thrombosis and Haemostasis 18(6): 1320-

1323. 

  

Thachil, J. (2020). "The protective rather than prothrombotic fibrinogen in 

COVID‐19 and other inflammatory states." Journal of Thrombosis and 

Haemostasis 18(8): 1849-1852. 

  

Thachil, J. (2020). "The versatile heparin in COVID-19." Journal of thrombosis 

and haemostasis: JTH. 

  

Thachil, J., N. Tang, S. Gando, A. Falanga, M. Cattaneo, M. Levi, et al. (2020). 

"DOACs and'newer'haemophilia therapies in COVID-19." Journal of 

thrombosis and haemostasis: JTH. 



           s Refrence                                                                                     five Chapter    

091 
 

  

Thachil, J., N. Tang, S. Gando, A. Falanga, M. Cattaneo, M. Levi, et al. (2020). 

"ISTH interim guidance on recognition and management of coagulopathy in 

COVID‐19." Journal of Thrombosis and Haemostasis 18(5): 1023-1026. 

  

Tian, S., W. Hu, L. Niu, H. Liu, H. Xu and S.-Y. Xiao (2020). "Pulmonary 

pathology of early-phase 2019 novel coronavirus (COVID-19) pneumonia in 

two patients with lung cancer." Journal of thoracic oncology 15(5): 700-704. 

  

Turshudzhyan, A. (2020). "Anticoagulation options for coronavirus disease 

2019 (COVID-19)-induced coagulopathy." Cureus 12(5). 

  

Umishio, W., T. Ikaga, K. Kario, Y. Fujino, M. Suzuki, S. Ando, et al. (2021). 

"Impact of indoor temperature instability on diurnal and day-by-day variability 

of home blood pressure in winter: a nationwide Smart Wellness Housing survey 

in Japan." Hypertension Research 44(11): 1406-1416. 

  

Vahabi, N., M. Salehi, J. D. Duarte, A. Mollalo and G. Michailidis (2021). 

"County-level longitudinal clustering of COVID-19 mortality to incidence ratio 

in the United States." Scientific reports 11(1): 1-22. 

  

Varga, Z., A. J. Flammer, P. Steiger, M. Haberecker, R. Andermatt, A. S. 

Zinkernagel, et al. (2020). "Endothelial cell infection and endotheliitis in 

COVID-19." The Lancet 395(10234): 1417-1418. 

  

Vergouwen, M. D., K. Bakhtiari, N. Van Geloven, M. Vermeulen, Y. B. Roos 

and J. C. Meijers (2009). "Reduced ADAMTS13 activity in delayed cerebral 

ischemia after aneurysmal subarachnoid hemorrhage." Journal of Cerebral 

Blood Flow & Metabolism 29(10): 1734-1741. 

  

Voloshyna, I., S. M. Hussaini and A. B. Reiss (2012). "Resveratrol in 

cholesterol metabolism and atherosclerosis." Journal of medicinal food 15(9): 

763-773. 

  

Wada, H., J. Thachil, M. Di Nisio, P. Mathew, S. Kurosawa, S. Gando, et al. 

(2013). "Guidance for diagnosis and treatment of DIC from harmonization of 

the recommendations from three guidelines." Journal of thrombosis and 

haemostasis: JTH. 



           s Refrence                                                                                     five Chapter    

090 
 

  

Wang, D., B. Hu, C. Hu, F. Zhu, X. Liu, J. Zhang, et al. (2020). "Clinical 

characteristics of 138 hospitalized patients with 2019 novel coronavirus–

infected pneumonia in Wuhan, China." Jama 323(11): 1061-1069. 

  

Wang, F., J. Nie, H. Wang, Q. Zhao, Y. Xiong, L. Deng, et al. (2020). 

"Characteristics of peripheral lymphocyte subset alteration in COVID-19 

pneumonia." The Journal of Infectious Diseases 221(11): 1762-1769. 

  

Wang, J., M. Jiang, X. Chen and L. J. Montaner (2020). "Cytokine storm and 

leukocyte changes in mild versus severe SARS‐CoV‐2 infection: Review of 

3939 COVID‐19 patients in China and emerging pathogenesis and therapy 

concepts." Journal of leukocyte biology 108(1): 17-41. 

  

Wei, W., X.-w. Hu, Q. Cheng, Y.-m. Zhao and Y.-q .Ge (2020). "Identification 

of common and severe COVID-19: the value of CT texture analysis and 

correlation with clinical characteristics." European radiology 30(12): 6788-

6796. 

  

Wenling, Y., Q. Junchao, Z. Xiao and S. Ouyang (2020). "Pregnancy and 

COVID-19: management and challenges." Revista do Instituto de Medicina 

Tropical de São Paulo 62. 

  

White, D., S. MacDonald, T. Edwards, C. Bridgeman, M. Hayman, M. Sharp, et 

al. (2021). "Evaluation of COVID‐19 coagulopathy; laboratory characterization 

using thrombin generation and nonconventional haemostasis assays." 

International journal of laboratory hematology 43(1): 123-130. 

  

Wichmann, D., J.-P. Sperhake, M. Lütgehetmann, S. Steurer, C. Edler, A. 

Heinemann, et al. (2020). "Autopsy findings and venous thromboembolism in 

patients with COVID-19: a prospective cohort study." Annals of internal 

medicine 173(4): 268-277. 

  

Willems, B. A., C. Vermeer, C. P. Reutelingsperger and L. J. Schurgers (2014). 

"The realm of vitamin K dependent proteins: shifting from coagulation toward 

calcification." Molecular nutrition & food research 58(8): 1620-1635. 

  



           s Refrence                                                                                     five Chapter    

099 
 

Wu, X., Y. Cai, X. Huang, X. Yu, L. Zhao, F. Wang, et al. (2020). "Co-

infection with SARS-CoV-2 and influenza A virus in patient with pneumonia, 

China." Emerging infectious diseases 26(6): 1324. 

  

Wu, Y., W. Liu, Y. Zhou, T. Hilton, Z. Zhao, W. Liu, et al. (2018). "von 

Willebrand factor enhances microvesicle-induced vascular leakage and 

coagulopathy in mice with traumatic brain injury." Blood, The Journal of the 

American Society of Hematology 132(10): 1075-1084. 

  

Xu, Z., L. Shi, Y. Wang, J. Zhang, L. Huang, C. Zhang, et al. (2020). 

"Pathological findings of COVID-19 associated with acute respiratory distress 

syndrome." The Lancet Respiratory Medicine 8(4): 420-422. 

  

Yan, Y.-y., W.-m. Zhou, Y.-q. Wang, Q.-r. Guo, F.-x. Zhao, Z.-y. Zhu, et al. 

(2021). "The Potential Role of Extracellular Vesicles in COVID-19 Treatment: 

Opportunity and Challenge." Frontiers in Molecular Biosciences: 695. 

  

Yan, Y., Y. Yang, F. Wang, H. Ren, S. Zhang, X. Shi, et al. (2020). "Clinical 

characteristics and outcomes of patients with severe covid-19 with diabetes." 

BMJ open diabetes research and care 8(1): e001343. 

  

Yang, X., Y. Yu, J. Xu, H. Shu, H. Liu, Y. Wu, et al. (2020). "Clinical course 

and outcomes of critically ill patients with SARS-CoV-2 pneumonia in Wuhan, 

China: a single-centered, retrospective, observational study." The Lancet 

Respiratory Medicine 8(5): 475-481. 

  

Yao, X., T. Li, Z. He, Y. Ping, H. Liu, S. Yu, et al. (2020). "A pathological 

report of three COVID-19 cases by minimally invasive autopsies." Zhonghua 

bing li xue za zhi= Chinese journal of pathology 49: E009-E009. 

  

Yao, Y., J. Cao, Q. Wang, Q. Shi, K. Liu, Z. Luo, et al. (2020). "D-dimer as a 

biomarker for disease severity and mortality in COVID-19 patients: a case 

control study." Journal of intensive care 8(1): 1-11. 

  

Yoshikawa, T., T. Hill, K. Li, C. J. Peters and C.-T. K. Tseng (2009). "Severe 

acute respiratory syndrome (SARS) coronavirus-induced lung epithelial 

cytokines exacerbate SARS pathogenesis by modulating intrinsic functions of 

monocyte-derived macrophages and dendritic cells." Journal of virology 83(7): 

3039-3048. 



           s Refrence                                                                                     five Chapter    

099 
 

  

Zaim, S., J. H. Chong, V. Sankaranarayanan and A. Harky (2020). "COVID-19 

and multiorgan response." Current problems in cardiology 45(8): 100618. 

  

Zeng, H., C. Pappas, J. A. Belser, K. V. Houser, W. Zhong, D. A. Wadford, et 

al. (2012). "Human pulmonary microvascular endothelial cells support 

productive replication of highly pathogenic avian influenza viruses: possible 

involvement in the pathogenesis of human H5N1 virus infection." Journal of 

virology 86(2): 667-678. 

  

Zhang, S., J. Zhao, Z. Wu, Y. Shang, J. Zheng, M. Meng, et al. (2020). 

"Potential predictors for disease progression and medication evaluation of 2019 

novel coronavirus-infected pneumonia in Wuhan, China." 

  

Zhang, T., L. Sun and R. Feng (2020). "Comparison of clinical and pathological 

features between severe acute respiratory syndrome and coronavirus disease 

2019." Zhonghua jie he he hu xi za zhi= Zhonghua Jiehe he Huxi Zazhi= 

Chinese Journal of Tuberculosis and Respiratory Diseases 43: E040-E040. 

  

Zhang, W.-r., K. Wang, L. Yin, W.-f. Zhao, Q. Xue, M. Peng, et al. (2020). 

"Mental health and psychosocial problems of medical health workers during the 

COVID-19 epidemic in China." Psychotherapy and psychosomatics 89(4): 242-

250. 

  

Zhang, Y., W. Cao, W. Jiang, M. Xiao, Y. Li, N. Tang, et al. (2020). "Profile of 

natural anticoagulant, coagulant factor and anti-phospholipid antibody in 

critically ill COVID-19 patients." Journal of thrombosis and thrombolysis 

50(3): 580-586. 

  

Zhong, Y., L. Zhao, G. Wu, C. Hu, C. Wu, M. Xu, et al. (2020). "Impact of 

renin–angiotensin system inhibitors use on mortality in severe COVID-19 

patients with hypertension: a retrospective observational study." Journal of 

International Medical Research 48(12): 0300060520979151. 

  

Zhou, F., T. Yu, R. Du, G. Fan, Y. Liu, Z. Liu, et al. (2020). "Clinical course 

and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, 

China: a retrospective cohort study." The Lancet 395(10229): 1054-1062. 

  



           s Refrence                                                                                     five Chapter    

099 
 

Zhu, N., D. Zhang, W. Wang, X. Li, B. Yang, J. Song, et al. (2020). "A novel 

coronavirus from patients with pneumonia in China, 2019." New England 

Journal of Medicine382(8)727-733. 

  

Zhu, S., J. C. Gilbert, P. Hatala, W. Harvey, Z. Liang, S. Gao, et al. (2020). 

"The development and characterization of a long acting anti‐thrombotic von 

Willebrand factor (VWF) aptamer." Journal of Thrombosis and Haemostasis 

18(5): 1113-1 702.  

  

Ziliotto, N., F. Bernardi, D. Jakimovski, M. Baroni, G. Marchetti, N. Bergsland, 

et al. (2018). "Hemostasis biomarkers in multiple sclerosis." European journal 

of neurology 25(9): 1169-1176. 

  

 

 



 
 

 ٚ D-dimer ٚ ferritin فٟ ِغر٠ٛاخ (p≤0.000) ٚظذخ ٔرائط ٘زٖ اٌذساعح ص٠ادج ِؼ٠ٕٛح ػا١ٌح    

neutrophils ٚؼغاع١ح ػا١ٌح CRP ٚ TG ٚ VLDL-C  ٟٚت١أاخ ِؤشش ذظٍة اٌششا١٠ٓ ف

.  ت١ّٕا أظٙشخ إٌرائط أخفاػًا ِؼ٠ٕٛاً اطؽاء ػٕذ اٌّماسٔح  ِغ ِعّٛػح Covid-19 ِعّٛػح ِشػٝ

 اطؽاء. ِعّٛػحِغ خ اٌظفائػ اٌذ٠ِٛح ػٕذ ِماسٔرٙا ِٚغر٠ٛا HDL-C ٚ TC فٟ ِغر٠ٛاخ

ألً تشىً  ADAMTS-13 واْ ٌذ٠ُٙ ٔشاؽالاػشاع اٌشذ٠ذٖ أٚػؽد ٘زٖ إٌرائط أْ ِشػٝ      

ِشذفؼح تشىً  vWF ، ٚف١ش٠ر١ٓ.  ِغر٠ٛاخ D-dimer سذفاع وث١ش فٟ، ٚا K ٍِؽٛظ ِٚغر٠ٛاخ ف١را١ِٓ

 ٚ ADAMTS-13 ٚ vWF ذؽ١ًٍ الأؽذاس اٌخطٟ ٌـ.ٍِؽٛظ ِماسٔح تاٌّشػٝ اٌز٠ٓ خشظٛا أؼ١اء

 D-dimer ٚCRP إٌٝ اسذثاؽ وث١ش ِغ اٌؼّش ِٚؤشش ورٍح اٌعغُ ٚف١ش٠ر١ٓ ٚ Vit.K أشاسخ ِغر٠ٛاخ

ٚ NLR ٝفٟ ِعّٛػاخ ِشػCovid-19  .ٜٛأظٙش ِغر vWF  فٟ اٌّظً اسذثاؽاخ عٍث١ح ِؼ٠ٕٛح

 ADAMTS-13 ِٚغ رٌه  أظٙش  ADAMTS-13  ٚ Vit. K ٚ HDL-C ٚ LYM%، TC ِغ

 .فٟ ِعّٛػح اٌّشػٝ TG ٚ NLRٚ VLDL-C اسذثاؽاخ إ٠عات١ح وث١شج ِغ ِغر٠ٛاخ

اٌخاطح تاٌؽاٌح اٌخف١فح ظد ٘زٖ اٌذساعح إٌٝ أْ ذؽغ١ٓ اعرشاذ١ع١اخ اٌٛلا٠ح ، تّا فٟ رٌه ذٍه خٌ     

 Covid-19 وؼلاِاخ ذٛلغ ٌخطٛسج vWF ٚ ADAMTS-13 ٚ Vit.K ٚاٌشذ٠ذج تاعرخذاَ

اٌّشذفغ لذ ٠رطٍة ِض٠ذاً ِٓ اٌؼًّ الإػافٟ تّا فٟ رٌه  vWF ٚتاٌراٌٟ ، تالإػافح إٌٝ.ِٚؼاػفاذٙا

ٟ خطش ِٚغر٠ٛاخ إٌشاؽ ٔظشًا لأْ ٘ؤلاء اٌّشػٝ لذ ٠ىْٛٔٛ ف ADAMTS-13 ٚ vWF ٔشاؽ

ٚستّا  ٠غاُ٘ تشىً  Covid-19 ِرضا٠ذ ٌٍٛفاج ٚلذ ٠ىْٛ تّصاتح ِم١اط ذٕثؤٞ تغ١ؾ ٌّخاؽش اٌعٍطح فٟ

٠ّىٓ أْ ٠ذػُ  K وث١ش فٟ إؼذاز اٌّشع ٚلذ ٠غرف١ذ ِٓ اٌؼلاض الأوصش لٛج ، وّا أْ ٔمض ف١را١ِٓ

ن فٟ تٕاء الاعرعاتح ػاطفح اٌغ١رٛو١ٓ ػٓ ؽش٠ك ص٠ادج اٌغ١رٛو١ٕاخ اٌّؤ٠ذج ٌلاٌرٙاتاخ ٚاٌرٟ ذشاس

٠ٍؼة دٚسًا أعاع١اً فٟ ٔظاَ  Kٓاٌخٍط١ح.  ِٓ اٌّؼشٚف أْ ف١را١ِالاٌرٙات١ح اٌرٟ ذعٕذ اٌّىٛٔاخ اٌخ٠ٍٛح ٚ

، ستّا ػٓ ؽش٠ك ذؼذ٠ً اٌرخصش.  إظّالاً ، ا١ٌ٢اخ اٌّؽرٍّح اٌرٟ ذشتؾ ت١ٓ  Kاٌرخصش.  إتشاص دٚس ف١را١ِٓ 

أْ ٠ّاسط دٚسٖ اٌرؽ٠ٍٟٛ فٟ اٌرخصش اٌّشذثؾ تئؼذاز Kٚاػرلاي اٌرخصش ، ؼ١س ٠ّىٓ ٌف١را١ِٓ  91- وٛف١ذ

اٌّشع.إٌٝ ظأة رٌه ، ٠ّىٓ أْ ٠غاُ٘ أ٠ؼًا فٟ ذٍه الأؼذاز اٌرٟ ذٕطٛٞ ػٍٝ ذىٍظ الأٚػ١ح اٌذ٠ِٛح 

ح اٌذ٠ِٛح اٌذل١مح اٌزٞ ذر١ّض ترٍف الأٚػ١   (DIC) ِّا ٠ؤدٞ إٌٝ ذعٍؾ اٌذَ ٠ٕٚرشش اٌرخصش داخً الأٚػ١ح

 Covid-19 .ٌٛؼع فٟ ِشػٝ

 

 

 

 



 
 

 انخلاصــــت

( ٘ٛ ِشع ذٕفغٟ ٌٗ ِظا٘ش غ١ش ِرعأغح ذرشاٚغ ِٓ 91-)وٛف١ذ  9191ِشع ف١شٚط وٛسٚٔا 

اٌّشع تذْٚ أػشاع فٟ اٌثؼغ إٌٝ الاٌرٙاب اٌعٙاصٞ ٚفشً اٌؼذ٠ذ ِٓ الأػؼاء ٚاٌّٛخ اٌغش٠غ فٟ 

 .ؼالاخ أخشٜ

الأٌٚٝ ِٓ اٌّشع وؼذٜٚ فٟ اٌعٙاص اٌرٕفغٟ اٌؼٍٛٞ ١ٍ٠ٙا اٌرٙاب سئٛٞ ػٕذِا ٠غضٚ  ذرعٍٝ اٌّشؼٍح    

اٌف١شٚط ظٙاسج اٌعٙاص اٌرٕفغٟ ػثش الاسذثاؽ تاٌّماِٚاخ.  ٠ّٚىٓ أْ ذظٙش اٌّشؼٍح اٌصا١ٔح الأوصش شذج 

١ح.  فٟ ٘زٖ ػٍٝ أٔٙا أػشاس ِرؼذدج ٌلأػؼاء ، تّا فٟ رٌه إطاتح اٌعٙاص اٌرٕفغٟ ٚاٌمٍة ٚاٌىثذ ٚاٌىٍ

اٌّشؼٍح ، ٠ّىٓ أ٠ؼًا أْ ذرأشش اٌّغرمثلاخ اٌّٛظٛدج ػٍٝ اٌثطأح ، ِّا ٠رغثة فٟ ذٍف ِثاشش ٌلأٚػ١ح 

 .اٌذ٠ِٛح ٠ٚؤدٞ إٌٝ اػرلاي اٌرخصش

 ٠ؼذ الاٌرٙاب اٌعٙاصٞ ٚاػرلاي اٌرخصش ِٓ اٌغّاخ ا١ٌّّضج ٌٙزٖ اٌّشؼٍح.  ٠رعٍٝ "ِشع ذعٍؾ اٌذَ   

Covid-19"  ٍٝتشىً أعاعٟ فٟ طٛسج ؼاٌح ذخصش٠ح ذؤشش ػٍٝ الأٚػ١ح اٌذ٠ِٛح اٌىث١شج ٚاٌظغ١شج ػ

ؼذٍ عٛاء ، ٚذرظا٘ش تأؼذاز ذخصش شش٠أٟ ٚس٠ذٞ ٚاػرلاي الأٚػ١ح اٌذل١مح.  أعثاب ذعٍؾ اٌذَ اٌّشذثؾ 

 .( غ١ش ِفِٙٛح ظ١ذا91ً-)وٛف١ذ  9191تّشع ف١شٚط وٛسٚٔا 

، ٚاٌّؤششاخ  (VWF) اٌرؽم١ك فٟ ِغر٠ٛاخ ػاًِ فْٛ ٠ٍٚثشأذٌزٌه ، ذٙذف ٘زٖ اٌذساعح إٌٝ     

، ٚأؽلاي اٌذَ داخً الأٚػ١ح اٌذ٠ِٛح ، ٚاٌرخصش ،  9ِٓ إٌٛع  (ADAMTS-13)   91اٌؽ٠ٛ١ح اٌؼؼٛ 

ِش٠ؼا ٚدساعح اسذثاؽُٙ تخطٛسج اٌّشع ٚاٌٛف١اخ ٌٚٗ دٚس  91  -وٛف١ذ ِشػٝ ٚذٍف الأػؼاء فٟ

اٌّؼشػ١ٓ ٌخطش الإطاتح تّؼاػفاخ لاذٍح ٌٙزٖ اٌؽاٌح ، ِّا ٠غاػذ فٟ إٔمار ؼاعُ فٟ ذؽذ٠ذ اٌّشػٝ 

 .ؼ١اج اٌؼذ٠ذ ِٓ اٌّشػٝ

ػ١ٕح ِٓ اٌّشػٝ ٚالأشخاص الأطؽاء  11ذؼّٓ ذظ١ُّ دساعح اٌؽالاخ ٚاٌشٛا٘ذ ظّغ ِظً      

 :، ؼ١س ذُ ذمغ١ُ اٌّشػٝ إٌٝ ِعّٛػر١ٓ 9199إٌٝ ِا٠ٛ  9199خلاي اٌفرشج ِٓ ٠ٕا٠ش 

اٌّعّٛػح الاٌٚٝ: ِشػٝ ف١شٚط وٛسٚٔا اٌز٠ٓ ظّؼد ػ١ٕاذُٙ ِٓ ِغرشفٝ الاًِ ِٚشوض اٌشفاء       

تّذ٠ٕح إٌعف الاششف ِٚٓ ِغرشفٝ اٌؽغ١ٓ اٌرؼ١ٍّٟ تىشتلاء ٚذأٌفد ِٓ شلاز ِعّٛػاخ اٌّعّٛػح 

( اٌّعّٛػح اٌصا١ٔح اعرخذِد اٌر٠ٛٙح ا١ٌّىا١ٔى١ح )ٔر١عح عش٠ش٠ح ِؼاوغح ,خف١فحاػشاع الاٌٚٝ 

ػ١ٕح ِٓ الأشخاص الأطؽاء  11شذ٠ذج.  ذّد ِماسٔح إٌرائط ِغ اػشاع  وّعّٛػح ٚاٌّعّٛػٗ اٌصاٌصٗ 

 K ، ٚف١را١ِٓ vWF  ،ADAMTS-13 ذُ ذؽذ٠ذ ِغرٜٛ اٌّظً ِٓ ػٍٝ ِا ٠ثذٚ وّعّٛػح ػاتطح

 اٌذ١ٕ٘ح تاٌطشق الأٔض١ّ٠ح ٚا١ٌٍٔٛح.  ذُ ذؽذ٠ذ ف١ش٠ر١ٓ ٚ ، ٚذُ ذؽذ٠ذ ِغرٜٛ اٌثشٚف١لاخ ELISA ترم١ٕح

D-dimer تٛاعطح ichroma  ،CBC آ١ٌاً تٛاعطح ِؽًٍ أِشاع اٌذَ ا٢ٌٟ.  ذُ ؼغاب ِغر٠ٛاخ 

LDL-C ٚ VLDL-C ٚت١أاخ ِؤشش Atherogenic (AIP) ِٚؤشش ِخاؽش Catelli-I (CRI-I) 

ٚ CRI-II ُِٚؤشش ورٍح اٌعغ (BMI) ادلاخ خاطحِٓ خلاي ِؼ. 

 



 
 

  
 

 

 

وبعض  ADAMTS-13 و von Willebrand عايم دراضت

 نذي Covid-19 نشذة تنبؤَت كًؤشراث انًتغُراث انباَىكًُُائُت

 انعراقُُن انًرضً
 

 

  رضانت ياجطتُر                                                    

 

جايعت كربلاء كجسء ين يتطهباث نُم شهادة انًاجطتُر  –يقذيت انً يجهص كهُت انطب 

 فٍ انكًُُاء انطرَرَت

 

 بىاضطت                                             
 

 نُن ضعُذ يحطن انًىضىٌح                               

 

 (2014جايعت كربلاء ) –كًُُاء  –بكانىرَىش عهىو               

 

ف                                                         باشرا  

  

 انطهطانٍالاضتارة انذكتىرة هناء عذاٌ جىاد آل طعًت      و     الاضتار انذكتىر فاضم 

 جايعت انكىفت –كهُت انعهىو                         جايعت كربلاء    –كهُت انطب          

 

 

 هجـ 2221و                                                    0202

       جًهىرَت انعراق

 وزارة انتعهُى انعانٍ وانبحث انعهًٍ

                                       جايعت كربلاء

 كهُت انطب

 فرع انكًُُاء وانكًُُاء انحُاتُت


