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I 

Summary 

Background: Coronavirus disease (Covid-19) causes severe acute respiratory 

syndrome, coronavirus 2 (SARS-CoV-2) was spread to hundreds of countries 

and it is served as global pandemic. Death occurs as a result of severe Covid-

19 due to increasing hypoxemia, acute respiratory distress syndrome (ARDS), 

and multi-organ failure. Covid-19 affects the kidneys in approximately 3-

9% of patients and its developed  acute kidney damage (AKI) and it is 

significantly higher.  

Calprotectin is a member of the calcium-binding S100 protein family and it is 

a heterodimeric protein, found in the cytoplasm of neutrophils and monocytes, 

both of which play important roles in the inflammatory response in the human 

body. Calprotectin used an early biomarker in coronavirus disease with 

bacterial co-infections and patients at risk to develop severe events. Kidney 

injury molecule 1 (KIM-1) is a transmembrane glycoprotein that is up-

regulated in the proximal tubule after kidney injury. 

The aim of this study for evaluating severity in cases of Covid- 19 patients by 

measuring Calprotectin and Cystatin C levels and study the correlation with 

Kidney injury molecule-1 and others biomarkers.  

Material and Methods: The study was a cross sectional study. This study 

included 91 samples patients with Covid-19 include (56 male, 35 female) 

ranged between (22-88)years patients. The study was conducted from Al-

hayat unit, Al-Hussein Teaching Hospital, Al-Hussein Medical City during 

the period from (Oct., 2020 to July., 2021). COVID-19 cases were divided 

into three groups based on disease severity (moderate and severe). The  levels 

of bio-markers were measured for following parameter Ferritin, C-reactive 

protein total lactate dehydrogenase activity, creatinine, urea, (cystatin C, 

calprotectin, and kidney injury molecule-1) by ELISA and complete blood 

count test by XP-300™ Automated hematology analyzer Sysmex. 



II 

Results: According to the presented results which include 46 case of severe 

group and 45 case of moderate group of Covid-19 patients, there is positive 

correlation between Kidney injury molecule-1 and Cystatin C in severe(p< 

0.01)  and moderate group (p>0.05) and with Calprotectin (p<0.01) in severe 

group. There was positive correlation between Cystatin C and S.Creatinine in 

severe group. There is no significant correlation when compared (Calprotectin 

Cystatin C and kidney injury molecule-1) among moderate and severe group 

(p  < 0.05) 

Conclusion: The obtained results illustrated that was positive correlation 

between Kidney Kidney injury molecule-1, Cystatin C and Calprotectin. And 

positive correlation between Cystatin C and S.Creatinine in severe group. 

There is no significant correlation in Calprotecti, Cystatin C and Kidney 

injury molecule-1 among moderate and severe cases of Covid-19. 
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1. Introduction 

     Coronavirus is one of the major viruses which primarily affecting the 

respiratory system in human (Chen, Y. et. al., 2020).  However, coronaviruses 

have been also diagnosed in animals and can cause a range of severe diseases 

such as gastroenteritis and pneumonia (Hoek, et. al., 2004 ; Gralinski and 

Menachery, 2020). Previous coronavirus outbreaks have been reported, 

including severe acute respiratory syndrome (SARS-CoV) and Middle East 

respiratory syndrome (MERS-CoV), which is described as a significant public 

health threat (Rothan and Byrareddy, 2020).  

      Recently, novel coronaviruses emerge periodically in different areas around 

the world. Severe acute respiratory syndrome coronavirus (SARS‐CoV) 

occurred in 2002, which reportedly infected 8422 people and caused 916 

deaths worldwide during the epidemic. Middle East respiratory syndrome 

coronavirus (MERS‐CoV) was first identified in 2012, bringing a total of 1401 

MERS‐CoV infections, and 543 (~39%) of which died (WHO, 2020). On 

Feb.13
th
, 2021, there were 107,838,255 confirmed cases worldwide with 

2,373,398 confirmed deaths (WHO, 2021). 

1.1. Covid-19 Virus 

     Coronaviruses (CoVs) are enveloped viruses with a single-stranded, 

positive-sense RNA genome, which is the largest discovered genome of RNA 

virus (Su, et. al., 2020). Before the appearance of SARS-CoV-2, six types of 

human coronavirus (HCOV) have been discovered by researchers, including 

HCoV-229E, HCoV-HKU1, HCoV-NL63, HCoV-OC43, severe acute 

respiratory syndrome (SARS) CoV and Middle East Respiratory Syndrome 

(MERS) CoV (Huang, et. al., 2018). There are currently 7 CoVs (including 

SARS-CoV-2) that can cause human respiratory diseases, but to date, only 

SARS-CoV, MERS-CoV, and SARSCoV-2 have caused a large outbreak with 

high mortality. World Health Organization (WHO) has classified Covid-19 as a 
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β CoV of group 2B (Hui, et. al., 2020). Ten genome sequences of Covid-19 

obtained from a total of nine patients exhibited 99.98% sequence identity (Lu, 

et. al., 2020). Another study showed there was 99.8–99.9% nucleotide identity 

in isolates from five patients and the sequence results revealed the presence of 

a new beta-CoV strain. The genetic sequence of the Covid-19 showed more 

than 80% identity to SARS-CoV and 50% to the MERS-CoV (Ren, et. al., 

2020 ; Lu, et. al., 2020), both SARS-CoV and MERS-CoV originate in bats 

(Cui, et. al.,2019). Thus, the evidence from the phylogenetic analysis indicates 

that the Covid-19 belongs to the genus beta coronavirus, which includes 

SARS-CoV,  that infects humans, bats, and wild animals (Zhu, et. al., 2020). 

      Based on the genetic sequence identity and the phylogenetic reports, 

Covid-19 is sufficiently different from SARS-CoV and it can thus be 

considered as a new beta coronavirus that infects humans. The Covid-19 most 

likely developed from bat origin coronaviruses. In a preliminary report, 

complete viral genome analysis revealed that the virus shared 88% sequence 

identity to two bat-derived SARS-like coronaviruses, but more distant from 

SARS coronavirus (Lu, et. al., 2020). Hence, the virus was temporarily called 

2019 novel coronavirus (2019-nCoV). Coronavirus is an enveloped and single-

stranded ribonucleic acid named for its solar corona-like appearance due to 9–

12-nm-long surface spikes (Wang, Q. et. al., 2020).  

      There are four major structural proteins encoded by the coronaviral genome 

on the envelope, one of which is the spike protein (S) that binds to angiotensin- 

converting enzyme 2 receptor and mediates subsequent fusion between the 

envelope and host cell membranes to aid viral entry into the host cell 

(Kirchdoerfer, et. al., 2016 ; Xu, X. et. al., 2020). On Feb. 11
th

, 2020, the 

Coronavirus Study Group of the International Committee on Taxonomy of 

Viruses finally designated it as SARS coronavirus 2 based on phylogeny, 

taxonomy, and established practice (Gorbalenya, et. al., 2020). Shortly 
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thereafter, the WHO named the disease caused by this coronavirus Covid-19 

(WHO, 2020). On the basis of current data, it seems that SARS coronavirus 2 

might be initially hosted by bats and might have been transmitted to humans by 

means of pangolin (Lam, et. al., 2020) or other wild animals (Lu, et. al., 2020 

; Zhang, L. et. al., 2020) sold at the Huanan Seafood Market but subsequently 

spread by means of human to- human transmission. 

 

1.1.2. Viral Transmission and Spread  

     Based on the large number of infected people that were exposed to the wet 

animal market in Wuhan City where live animals are routinely sold, it is 

suggested that this is the likely zoonotic origin of the Covid-19. Efforts have 

been made to search for a reservoir host or intermediate carriers from which 

the infection may have spread to humans. Initial reports identified two species 

of snakes that could be a possible reservoir of the Covid-19.  

     Genomic sequence analysis of Covid-19 showed 88% identity with two bat-

derived SARS like coronaviruses (Wan et. al., 2020), indicating that mammals 

are the most likely link between Covid-19 and humans. Several reports have 

suggested that person-to-person transmission is a likely route for spreading 

Covid-19 infection. This is supported by cases that occurred within families 

and among people who did not visit the wet animal market in Wuhan (Carlos, 

et. al., 2020 ; Wu, P. et. al., 2020). Person-to-person transmission occurs 

primarily via direct contact or through droplets spread by coughing or sneezing 

from an infected individual. In a small study conducted on women in their third 

trimester who were confirmed to be infected with the coronavirus, there was no 

evidence that there is transmission from mother to child. However, all pregnant 

mothers underwent cesarean sections, so it remains unclear whether 

transmission can occur during vaginal birth. The binding of a receptor 

expressed by host cells is the first step of viral infection followed by fusion 

with the cell membrane. Thus, it has been reported that human-to-human 
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transmissions of SARS-CoV occurs by the binding between the receptor-

binding domain of virus spikes and the cellular receptor which has been 

identified as angiotensin- converting enzyme 2 (ACE2) receptor (Jaimes, et. 

al., 2020). Importantly, the sequence of the receptor-binding domain of Covid-

19 spikes is similar to that of SARS-CoV. This data strongly suggests that 

entry into the host cells is most likely via the ACE2 receptor (Wan, et. al., 

2020) . 

 

1.1.3. Covid-19 Pathophysiology  

1.1.3.1. Virus Entry and Spread 

     Primary viral replication is presumed to occur in mucosal epithelium of 

upper respiratory tract (nasal cavity and pharynx), with further multiplication 

in lower respiratory tract and gastrointestinal mucosa (Xiao, et. al., 2020), 

giving rise to a mild viremia. Few infections are controlled at this point and 

remain asymptomatic. Some patients have also exhibited non-respiratory 

symptoms such as acute liver and heart injury, kidney failure, diarrhea (Cheng, 

et. al., 2020), implying multiple organ involvement. Angiotensin Converting 

Enzyme 2 is broadly expressed in nasal mucosa, bronchus, lung, heart, 

esophagus, kidney, stomach, bladder, and ileum, and these human organs are 

all vulnerable to SARS-CoV-2 (Zou, et. al., 2020). Recently, potential 

pathogenicity of the SARS-CoV-2 to testicular tissues has also been proposed 

by clinicians, implying fertility concerns in young patients (Fan, et. al., 2020). 

The postulated pathogenesis of SARS-CoV-2 infection is graphed in Figure (1-

1) (Jin, et al., 2020).  
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Figure (1-1): Postulated pathogenesis of SARS-CoV-2 infection. Antibody-dependent 

enhancement (ADE); ACE2: angiotensin-converting enzyme 2; RAS: renin-angiotensin 

system; ARDS: acute respiratory distress syndrome. Red words represent the 

important turning points in SARS-CoV-2 infection. 

 

1.1.3.2. Pathological Findings 

     The first report (Xu, Z. et. al., 2020) of pathological findings from a severe 

Covid-19 showed pulmonary bilateral use alveolar damage with cellular 

fibromyxoid exudates. The right lung showed evident desquamation of 

pneumocytes and hyaline membrane formation, indicating acute respiratory 

distress syndrome. The left lung tissue displayed pulmonary edema with 

hyaline membrane formation, suggestive of early-phase acute respiratory 

distress syndrome. Interstitial mononuclear inflammatory infiltrates, dominated 

by lymphocytes, could be observed in both lungs. Multinucleated syncytial 
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cells with atypical enlarged pneumocytes characterized by large nuclei, 

amphophilic granular cytoplasm, and prominent nucleoli were identified in the 

intra-alveolar spaces, indicating viral cytopathic-like changes. These 

pulmonary pathological findings extremely resemble those seen in SARS 

(Ding, et. al., 2003) and MERS (Ng, et. al., 2016). Moderate microvascular 

steatosis and mild lobular and portal activity were observed in liver biopsy 

specimens, which might be caused by either SARS-CoV-2 infection or drug 

use. In addition, only a few interstitial mononuclear inflammatory infiltrates 

were found in the heart tissue, which means that SARS-CoV-2 might not 

directly impair the heart (Xu, Z. et. al., 2020). Massive mucus secretion in both 

lungs was found in death cases with Covid-19, which was different from SARS 

and MERS (Liu, X. et. al., 2020). 

 

1.1.4. Clinical Symptom Spectrum 

      The period from the onset of Covid-19 symptoms to death ranged from 6 to 

41 days with a median of 14 days. This period is dependent on the age of the 

patient and status of the patient's immune system. It was shorter among 

patients> 70-years old compared with those under the age of 70 (Wang, W. et. 

al., 2020). The most common symptoms at onset of Covid-19 illness are fever, 

cough, and fatigue, while other symptoms include sputum production, 

headache, haemoptysis, diarrhoea, dyspnea, and lymphopenia (Wang, W. et. 

al., 2020). Clinical features revealed by a chest CT scan presented as 

pneumonia, however, there were abnormal features such as RNAaemia, acute 

respiratory distress syndrome, acute cardiac injury, and incidence of grand-

glass opacities that led to death (Huang, et. al., 2020). In some cases, the 

multiple peripheral ground-glass opacities were observed in subpleural regions 

of both lungs (Lei, et. al., 2020) that likely induced both systemic and localized 

immune response that led to increased inflammation. Regrettably, treatment of 

some cases with interferon inhalation showed no clinical effect and instead 
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appeared to worsen the condition by progressing pulmonary opacities (Lei, et. 

al., 2020). 

     It is important to note that there are similarities in the symptoms between 

Covid-19 and earlier beta coronavirus such as fever, dry cough, dyspnea, and 

bilateral ground-glass opacities on chest CT scans (Huang, et. al., 2020). 

However, Covid-19 showed some unique clinical features that include the 

targeting of the lower airway as evident by upper respiratory tract symptoms 

like rhinorrhea, sneezing, and sore throat (Assiri, et. al., 2013). In addition, 

based on results from chest radiographs upon admission, some of the cases 

show an infiltrate in the upper lobe of the lung that is associated with 

increasing dyspnea with hypoxemia (Phan, et. al., 2020) . 

     Importantly, whereas patients infected with Covid-19 developed 

gastrointestinal symptoms like diarrhea, a low percentage of MERS-CoV or 

SARS-CoV patients experienced similar GI distress. Therefore, it is important 

to test fecal and urine samples to exclude a potential alternative route of 

transmission, specifically through health care workers, patients etc. (Assiri, et. 

al., 2013).  

1.1.5. Diagnosis of Covid-19 

      Clinical features of Covid-19 include dry cough, fever, diarrhea, vomiting, 

and myalgia. Individuals with multiple comorbidities are prone to severe 

infection and may also present with acute kidney injury (AKI) and features of 

ARDS (Chen, N. et. al., 2020). Extensive laboratory tests should be requested 

for patients with suspected infection. Patients may present with an elevated C-

reactive protein, erythrocyte sedimentation rate, lactate dehydrogenase, 

creatinine, and a prolonged prothrombin time (Wang, D. et. al., 2020). Full 

genome sequencing and phylogenetic analysis on fluid from bronchoalveolar 

lavage can confirm Covid-2019 infection (Zhu, et. al., 2020). 
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National Institutes of Health concluded an clinical classification for Covid-19 

disease (American Academy of Pediatrics, 2019)  

A. Asymptomatic or presymptomatic infection: People who test positive 

for SARS-CoV-2 but have no symptoms. 

B. Mild illness: People who have any of various signs and symptoms (e.g., 

fever, cough, sore throat, malaise, headache, muscle pain) without 

shortness of breath, dyspnea, or abnormal imaging. 

C. Moderate illness : People who have evidence of lower respiratory 

disease by clinical assessment or imaging and an oxygen saturation 

(SpO₂) >93% on room air at sea level. 

D. Severe illness : People who have respiratory frequency >30 breaths per 

minute, SpO₂ ≤ 93% on room air at sea level, ratio of arterial partial 

pressure of oxygen to fraction of inspired oxygen (PaO₂/FiO₂) <300, or 

lung infiltrates >50%. 

E. Critical illness: People who have respiratory failure, septic shock, 

and/or multiple organ dysfunctions. 

1.1.5.1. Nucleic Acid Amplification Test 

      Nucleic acid amplification test (NAAT) is the technology of choice to 

make a diagnosis of an active Covid-19 infection. Use of real time polymerase 

chain reaction (RT-PCR) assay to detect SARS-CoV-2 RNA from the upper 

respiratory tract is the preferred initial diagnostic test (Patel and Jernigan, 

2020). Other NAAT techniques, such as Loop-mediated isothermal 

amplification (LAMP)-based (Carter, et. al., 2020) and clustered regularly 

interspaced short palindromic repeats (CRISPR-based) assays has also been 

developed (Yan, et. al., 2020) . 

     The NAAT assays targets the SARS-CoV-2 nucleocapsid (N), envelope (E), 

and spike (S) genes, and regions in the first open reading frame 
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(orf1a and orf1b), and the RNA-dependent RNA polymerase (RdRp) gene 

(Chu, et. al., 2020). When performing in-house assays, ideally two 

independent gene targets should be utilized as the performance of single target 

assays may be affected by viral mutations. When using commercially available 

assays ensure a means to keep track of possible performance variation due to 

cumulating genetic mutations (WHO, 2020). 

1.1.5.2. Serology of Covid-19. 

     Members of the coronavirus family have four structural proteins: the spike 

(S), membrane (M]), envelope (E), and nucleocapsid (N) proteins. Two of 

these proteins appear to be important antigenic sites for the development of 

serological assays to detect Covid-19. Serological methods have focused on 

detecting serum antibodies against S proteins from the coronavirus spike 

(Chan, et. al., 2009).  

The coronavirus envelope spike is responsible for receptor binding and fusion 

and determines host tropism and transmission capability (Cui, et. al., 2019; 

Lu, et. al., 2020). S proteins are determined by the S gene and are functionally 

divided into two subunits (S1 and S2). The S1 domain is responsible for 

receptor binding while the S2 domain is responsible for fusion. SARS-CoV and 

SARS-CoV-2 bind to human angiotensin-converting enzyme 2 recptor, which 

is found on human respiratory cells, renal cells, and gastrointestinal cells (Liu, 

Z. et. al., 2020). The other protein that appears to be an important antigenic site 

for the development of serological assays to detect Covid-19 is the N protein, 

which is a structural component of the helical nucleocapsid. The N protein 

plays an important role in viral pathogenesis, replication, and RNA packaging. 

Antibodies to the N protein are frequently detected in Covid-19 patients (Liu, 

Z. et. al., 2020), suggesting that the N protein may be one of the 

immunodominant antigens in the early diagnosis of Covid-19 (Guo, . et. al., 

2020). As mentioned above, rapid lateral flow assays for antibodies (IgM and 
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IgG) produced during Covid-19 have been developed (Li, Z. et. al., 2020). 

Seroconversion occurred after 7 days of symptomatic infection in 50% of 

patients (14 days in all) but was not followed by a rapid decline in viral load 

(Wolfel, et. al., 2020). Serological methods, when available, will play an 

important role in the epidemiology of Covid-19 and in determining the immune 

status of asymptomatic patients but are unlikely to play any role in screening or 

for the diagnosis of early infections (Wolfel, et. al., 2020). However, serology 

may be useful for confirming the diagnosis of Covid-19 (Zhang, W. et. al., 

2020) . 

1.1.6. Biochemical Profiles Alterations in Covid-19 

      According to the severity of the disease, the clinical course of Covid-19 can 

be classified into three stages, namely early infection, pulmonary phase, and 

hyper-inflammation phase, each one characterized by specific biochemical 

alterations, Figure (1-2) (Siddiqi and Mehra, 2020).  

 

Figure (1-2): Disease progression and main laboratory findings(Siddiqi and Mehra, 

2020). 
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     The first stage occurs at the time of the infiltration of the virus in the lung 

parenchyma, where SARS-CoV-2 infects ciliated bronchial epithelial cells 

through the interaction with the ACE2. angiotensin-converting enzyme2 is a 

monocarboxypeptidase with a critical role in regulating the cleavage of several 

peptides within the renin-angiotensin system. It is highly expressed on 

pneumocytes in the lung (Yang, W. et. al., 2020). At this stage, most of the 

patient‘s present non-specific symptoms, such as dry cough and fever, 

associated with an initial inflammatory response due to the innate immunity, 

mainly monocytes and macrophages (Akhmerov and Marban, 2020). At this 

stage, most of the patients require hospitalization. The third stage of Covid-19 

is the most severe, characterized by systemic inflammation, or cytokine storm, 

leading to ARDS and MOF (Xu, Z. et. al., 2020). At this stage, patients should 

be admitted to an Intensive Care Unit (ICU). Several inflammatory biomarkers 

are significantly increased. Moreover, most of the patients present cardiac and 

kidney injury, which can be detected by circulating biomarkers. Also, 

alterations of the central nervous system (CNS) have been described (Roe, 

2020) .  

The laboratory provides critical support for the appropriate clinical 

management of Covid-19, from screening to diagnosis, prognosis, and 

monitoring (Lippi and Plebani, 2020). 

 

1.1.6.1. Hematological Alterations  

    Several mechanisms have been proposed to explain the reduced lymphocyte 

levels. As showed for SARS-CoV, it has been hypothesized that the virus 

might directly infect lymphocytes, principally T cells, inducing depletion of 

CD4+ and CD8+ cells (Guan, et. al., 2020) and, thus, suppressing the cellular 

immune response (Yang, W. et. al., 2020).The evidence that lymphocytes 

express the ACE2 receptor on their cellular membrane supports such a 
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hypothesis (Xu, H. et. al., 2020). Additionally, the virus might directly destroy 

lymphatic organs. However, this hypothesis needs to be confirmed by the 

evidence of pathological dissection in such organs. Finally, pro-inflammatory 

cytokines, such as IL-6 and TNF-alpha, could induce lymphocyte deficiency 

(Liao, et. al., 2002). Leucocytosis, especially neutrophilia, is another SARS-

CoV2 infection-induced alteration detectable at the CBC of Covid-19 patients 

(Mo, et. al., 2020). Some authors proposed neutrophil-to-lymphocyte ratio 

(NLR) as an independent risk factor for severe disease (Liu, Y. et. al., 2020).  

    Finally, thrombocytopenia has been described in Covid-19 patients and 

associated with the progression and prognosis of the disease (Xu, P. et. al., 

2020). Several causes can induce platelet deficiency, such as the direct SARS-

CoV2 infection of hematopoietic cells or bone marrow stromal cells, leading to 

hematopoietic inhibition (Eickmann, et. al., 2020). The lung injury could also 

contribute to the platelet depletion due to the activation, aggregation, and 

retention of platelets in the lung, and the formation of thrombus at the injured 

site, leading to decreased platelet production and increased consumption 

(Pilaczynska, et. al., 2020).  

1.1.6.2. Coagulation Dysfunction  

    A hypercoagulable state, which might promote thrombotic coagulopathies 

such as pulmonary microthrombosis and disseminated intravascular 

coagulation (DIC), is a common complication of severe Covid-19 (Chen, N. et. 

al., 2020).   

     In addition increasing D-dimer level was related to a hazard ratio for death 

due to the underlying thromboembolic burden and increased mortality among 

those patients (Naymagon, et. al., 2020). Moreover, D-dimer is a reflective of 

high thrombotic activity and may not only be a biomarker of prothrombotic 

state and a hypercoagulability but may contribute in pathogenesis of acute 
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pulmonary dysfunction (Berger, et. al., 2020). While the reduction in 

antithrombin levels in patients with Covid-19 are also appear to have an 

important role in patient prognosis through both arterial and venous thrombotic 

complications (Liao, et. al., 2020 ; Christensen, et. al., 2020). Like 

antithrombin, a low platelet count is accompanying by fivefold increased risk 

of disease and mortality in Covid-19 patients and therefore should used as 

prognostic indicator of worsening disease during hospitalization (Lippi, et. al., 

2020).  

1.1.6.3. Inflammatory Response   

     The hallmark of severe Covid-19 is the hyper-inflammatory host response 

due to the so-called ―cytokine storm‖, defined as an uncontrolled systemic 

inflammatory response due to the release of large amounts of pro-inflammatory 

cytokines, resulting from the SARS-CoV-2 induced activation of both natural 

and cellular immunity. 

     Increased levels of several inflammatory biomarkers, including cytokines 

such as IL-6, IL-2, IL-7, TNF-α, interferon (IFN)-γ, monocyte chemo-

attractant protein (MCP)-1, macrophage inflammatory protein (MIP)-1α, 

granulocyte-colony stimulating factor (G-CSF), and CRP,  procalcitonin 

(PCT), lactate dehydrogenase (LDH), erythrocyte sedimentation rate (ESR) 

and ferritin, have been reported in Covid-19 patients. Among inflammatory 

biomarkers, CRP levels increase significantly at the early stage of the disease, 

and a positive correlation between increased CRP levels and disease severity 

has been described (Wang, D. et al., 2020). 

1.1.6.4. Liver Dysfunction  

     The alteration of hepatocytes damage biomarkers, such as aspartate 

aminotransferase (AST), alanine aminotransferase (ALT), bilirubin, and 

albumin, is a common laboratory finding in Covid-19 patients. However, the 
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underlying mechanism is not fully understood. Although hepatocytes and bile 

duct epithelial cells express ACE2 receptor (Chai, et. al., 2020) no significant 

altered histopathological features have been detected in such cells from Covid-

19 patients (Xu, Z. et. al., 2020). Thus, Covid-19-related liver dysfunction 

could be the result of secondary liver damage due to the administration of 

hepatotoxic drugs, systemic inflammatory response, respiratory distress 

syndrome-induced hypoxia, and MOF (Feng, et. al., 2020) . 

1.1.6.5.  Muscle Injury   

    Covid-19 patients typically present increased levels of biomarkers of muscle 

injury, namely creatine-kinase (CK) and myoglobin (Lippi and Plebani, 2020) 

. However, the alterations of such biomarkers could be the result of several 

clinical conditions, including kidney dysfunction and cardiac injury, or a direct 

effect of the SARS-CoV-2, which can also infect cells of the muscle tissue due 

to the expression of the ACE-2 receptor. 

1.1.6.6. Kidney Dysfunction   

     Several studies reported kidneys alterations, as reflected by increased serum 

creatinine, in Covid-19 patients. SARS-CoV-2 could directly infect kidney 

tubular cells, which express the ACE2 receptor on their cellular surface. 

Moreover, circulating mediators could interact with kidney-resident cells 

resulting in endothelial dysfunction, microcirculatory derangement, and tubular 

injury (Joannidis, et. al., 2020). 

1.1.6.7. Electrolyte Imbalance  

     Some authors described alterations of electrolyte levels, including sodium, 

potassium, chloride, and calcium, in Covid-19 patients (Huang, et. al., 2020). 

Specifically, hyponatremia, hypokalemia, and hypocalcemia have been 

associated with severe disease (Lippi, et. al., 2020). Although 
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pathophysiological mechanisms underlying such alterations are not fully 

understood yet, some hypotheses have emerged. The interaction of SARS-Cov-

2 with ACE2 receptor might reduce ACE2 expression, resulting in an increased 

angiotensin II, which promote potassium excretion, leading to hypokalemia 

(Chen, D. et. al., 2020). Also, gastrointestinal impairment, characterized by 

diarrhea, could contribute to electrolyte disequilibrium (Pan, L. et. al., 2020).   

 

1.1.7. Kidney and Covid-19  

     The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 

primarily affects the lungs, however, this virus can also affect other organs 

such as intestine, kidney, heart, and brain ( Rodriguez, et. al., 2020). Kidney 

dysfunctions are also observed in a large proportion of Covid-19 patients (Li, 

Z. et. al., 2020).  

     Subsequently, AKI incidence in Covid-19 patient was found to be up to 

15% in comparison to an earlier suggested range of 3%–9% potentiating the 

evidence that AKI is common and that the virus can specifically damage the 

kidneys (Gabarre, et. al., 2020). The incidence of AKI could be up to 25% 

among critically-ill Covid-19 patients with underlying comorbidities 

(Gabarre, et. al., 2020). An autopsy study also showed the virus tropism to the 

kidney (Puelles, et. al., 2020).  

      The exact mechanism of SARS-CoV-2 associated renal damage is not fully 

known. Studies showed that the cellular components required for virus entry 

such as ACE2, cellular transmembrane serine protease 2 (TMPRSS2), and 

cathepsin L (CTSL) are highly expressed in kidneys (Puelles, et. al., 2020). 

Expressions of ACE2 RNA in the small intestine, duodenum and kidneys were 

found much higher (around 100-fold) than the lung (Li, Z. et. al., 2020). 

Furthermore, the co-expression of ACE2 and TMPRSS is reported to be 
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relatively high in the proximal straight tubule cells and podocytes, suggesting 

favorable condition for localization of the SARS-CoV-2 in kidneys (Pan, X. et. 

al., 2020).  

     Studies reporting albuminuria and hematuria in the Covid-19 patients along 

with the detection of viral RNA from the urine samples further support the 

potential tropism of the SARS-CoV-2 for the renal tissues (Li, Z. et. al., 2020 ; 

Guan, et. al., 2020). The cytokine storm associated along with the direct 

cytopathic effect of SARS-CoV-2 is suggested as the probable cause of kidney 

dysfunction (Naicker, et. al., 2020). 

      Moreover, the AKI in response to cytokine storm might occur due to renal 

inflammation, increased vascular permeability, cardiomyopathy and volume 

depletion leading to cardiorenal syndrome-1 (Ronco, et. al., 2020). 

Additionally, injuries of the renal tubules related to the hypoperfusion in 

response to cytokine storm may also be partly responsible for the kidney injury 

(Naicker, et. al., 2020). The computed tomography of the kidneys revealed a 

reduction in the density suggesting the renal inflammation and oedema (Li, Z. 

et. al., 2020). Those Covid-19 patients suffering from the chronic kidney 

disease and other comorbidities are reported to be at higher risk of a severe 

form of the disease and they are advised to take extra preventive measures to 

avoid the exposure of SARS-CoV-2 (Henry, et. al., 2020). A higher number of 

comorbidities was also found to be associated with this virus tropism for 

kidney (Puelles, et. al., 2020). Patients with renal injury are at high risk of 

developing Covid-19 and AKI is an important risk factor for Covid-19 patients 

(Naicker, et. al., 2020). Furthermore, renal impairment is one of the 

complications of SARS-CoV-2 infection. A large prospective study 

demonstrated that kidney impairment is more prevalent among hospitalized 

Covid-19 patients and is also associated with increased in-hospital death.  
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    Of the hospitalized patients, 43.9-75.4% had evidence of abnormal kidney 

function, and 5.1–10.5% of them presented AKI with an excess mortality rate 

(Pei, et. al., 2020). Postmortem evaluations detected viral antigen in tubular 

epithelial cells and revealed severe acute tubular injury (Su, et. al., 2020). 

Moreover, preexisting chronic kidney disease (CKD) could reasonably act as 

an ominous clinical predictor and associate with high mortality (Pei, et. al., 

2020). Accumulating evidence has suggested that patients with chronic 

comorbidities were more likely to develop into severe cases (Chen, T. et. al., 

2020). Data from multiple cohorts and meta-analyses have listed aging, 

hypertension, diabetes, and cardiovascular disease as adverse prognostic 

markers for Covid-19 patients (Pan, L. et. al., 2020), which were also 

commonly seen in CKD (Guan, et. al., 2020). While AKI is often carefully 

monitored in such a complicated infectious disease (Hoste, et. al., 2018), CKD, 

affecting over 10% of the general population, is often neglected (Liu, 2013). 

        In fact, a meta-analysis by Ali et al. 2020 evaluating the outcome of 

Covid-19 subjects who developed AKI observed that those with severe AKI, 

defined as Kidney Disease Improving Global Outcome (KDIGO) stage III or 

need of acute renal replacement therapy (RRT), showed a higher mortality than 

those with stage I or II stage (Ali, et. al., 2020). Early reports from China and 

Italy found the rate of AKI to range widely from 0.5% to 29%, with most 

estimates on the lower end (Wang, D. et. al. 2020) .U.S. data has been limited 

to critically ill patients in the ICU in a Seattle hospital showing a 19% rate of 

AKI (Henry and Lippi, 2020). Data on the risk of patients with CKD are 

limited and highly variable, especially in a scenario of lung-dominated 

infectious disease (Arentz, et. al., 2020). 

1.1.7.1. Pathogenesis of Kidney Injury 

     Severe Acute Respiratory Syndrome by Coronavirus2 infects the host using 

the ACE2, a membrane-bound peptidase, expressed more in the kidney than in 
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other organs (lung, heart, intestine, and endothelial cells). (Serfozo, et. al., 

2020) .While ACE converts angiotensin I (Ang I) to angiotensin II (Ang II), 

ACE2 degrades Ang II to angiotensin 1–7 [Ang-(1–7)]. Ang II plays a role in 

vasoconstriction and adrenergic stimulation, binding type 1 Ang II receptors 

(AT1), (South, et. al., 2020) while Ang-(1–7) opposes the Ang II-AT1 axis 

through vasodilatation, and anti-inflammatory and anti-fibrotic action, mainly 

increasing the production of nitric oxide. 

By downregulating ACE2, SARS-CoV2 determines an increase in ACE 

activity and a shift to overproduction of Ang II (Chappell, et.al, 2014).  

 

1.2. Calprotectin 

1.2.1. Chemistry  

       Calprotectin (CLP) is a heterodimeric complex formed by two binding 

proteins of the calcium ion, which belong to the S-100 protein family, S100A8 

and S100A9, having both anti-inflammatory and anti-bacterial properties. The 

first applied name to CLP was major leukocyte protein L1 or 27E10 (Ometto, 

et. al., 2016). Calprotectin is a 36-kDa protein, with 2 heavy and 1 light non-

covalently linked chains that binds calcium and zinc, Figure (1-3) 

(Korndorfer, et. al., 2007). CLP represents almost two-thirds of the soluble 

cytosolic protein content of neutrophils. CLP may also be detected at various 

levels in monocytes, macrophages, epithelial cells, and platelets (Shabani, et. 

al., 2018) .  
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Figure (1-3): The heterotetramer structure of calprotectin (Gupta and Bamezai, 2010). S100A8 

chains (upper left); S100A9 chains (upper right); CA501 and CA502 sites where Ca
2+

 ions 

(spheres) bind (Korndorfer, et. al., 2007). 

 

1.2.2. Physiological Roles 

     It is expressed as an anti-bacterial agent, mainly but not exclusively by 

neutrophils, when activated (Ometto, et. al., 2016). Upon cell activation or 

death, CLP is released extracellularly, acts as an alarmin, or damage-associated 

molecular pattern (DAMP). It serves as a stimulatory ligand for the innate cell-

surface receptors such as receptor for advanced glycation end products 

(RAGE) and Toll-like receptor 4 (TLR4) (Shabani, et. al., 2018). However, 

there are data demonstrating that physiological levels of S100A9 homodimers 

can trigger an inflammatory response in vivo despite the capacity of RAGE and 

TLR4 blockade to inhibit responses in vitro (Chen, et. al., 2015). Calprotectin 

inhibits the oxidative metabolism of polymorphonuclear neutrophils in vitro, an 

effect that can be potentiated by the controlled activation of the protease-

activated receptor-2 (PAR2) (Sun, et. al., 2013). In particular, the survival rate 

was almost doubled from 33% to 65% or 63% in mice treated with S100A8 or 

PAR2 activating peptide, respectively, whereas 85% of the mice were treated 

with both PAR2 activating peptide and S100A8 survived, at a statistically 

significant higher rate than those treated with a single agent (Sun, et. al., 

2013). 
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     Calprotectin has microbicidal, cytotoxic functions via heavy-metal 

detoxification (Vogl, et. al., 2007). Calprotectin plays a critical role in multiple 

cellular processes, including cell cycle progression, proliferation, 

differentiation, chemotaxis, and migration in a calcium-dependent manner, and 

survival, as well as in redox regulation, proteins‘ phosphorylation, and 

cytoskeletal components rearrangement (Shabani, et. al., 2018). The features 

that CLP possesses, such as its small size, easy diffusion between tissue and 

blood, and enzymatic degradation resistance, make it a sensitive marker of 

neutrophil activation anywhere in the body (Roseth, et. al., 1992).   

1.2.3. Intracellular Functions of Calprotectin 

     In polimorphonucleates (PMNs), CLP is implicated in the rapid 

rearrangement of tubulin-dependent cytoskeleton, which allows cell migration. 

In the presence of calcium, S100A8 and S100A9 form heterotetramers and 

translocate to the cell membrane allowing tubulin polymerization (Vogl, et. al., 

2004). The evidence that S100A9 knockout mice have reduced granulocyte 

migration supports the idea that CLP has a role in cytoskeleton rearrangement 

(Vogl, et. al., 2004). CLP is implicated in the activation of the respiratory 

burst. In the presence of calcium, S100A9 binds to arachidonic acid in the 

cytosol and transports it to the nicotinamide adenine dinucleotide phosphate 

(NADPH) oxidase complex in the neutrophil plasma membrane through a 

PKC-dependent mechanism. S100A8 and S100A9 have multiple effects on 

NADPH oxidase. By interacting with gp91phox, p67phox, and rac-2 subunits 

of the NADPH oxidase complex, S100A8 and S100A9 induce the production 

of reactive-oxygen species, which are necessary for PMNs activity (Kerkhoff, 

et. al., 2005). Calprotetin is secreted by granulocytes and other cells after a 

danger signal by PAMPs or DAMPs. It appears to be mostly released through a 

non-Golgi associated pathway with an active non-classical secretion, which 

requires again PKC activation (Vogl, et. al., 2004). An additional more 
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recently discovered mechanism is the release of CLP bound to chromatin in 

neutrophil extracellular traps (NETs) (McCormick, et. al., 2010). The protein 

can also be passively secreted from necrotic cells after tissue insult has 

occurred (Vogl, et. al., 2004). 

1.2.4. Extracellular Functions of Calprotectin 

     S100A8 and S100A9 bind their receptors with different affinity according 

to the protein conformation (Bjork, et. al., 2009). CLP heterodimer binds 

different cell-surface proteins like heparan sulphate proteoglycan, carboxylated 

N-glycan, and, directly or through carboxylated glycans, TLR4 and receptor 

for advanced glycated end products (RAGE) (Leclerc, et. al., 2009). TLR4 is 

the main CLP receptor34 and is preferentially bound by the heterodimer (Vogl, 

et. al., 2007). The signal transduction cascade is mediated by MyD88 and NF-

kB, which translocate into the nucleus (Ichikawa, et. al., 2011) and promote 

the expression of proinflammatory cytokines, such as TNF-a, interleukin (IL)-

1b, IL-6, IL-8, IL-23, chemokine (CXC)-8, and other CXCs (Sunahori, et. al., 

2006 ; Vogl, et. al., 2007). receptor for advanced glycated end is also bound by 

CLP33 and activates inflammatory signaling pathways, including MAPK and 

NF-Kb (Ichikawa, et. al., 2011). Notably, the expression of S100A8 and 

S100A9 increases following NF-kB activation, thereby generating a positive 

feedback loop which amplifies inflammation via an autocrine and paracrine 

stimulation of the cells responsible for S100A8 and S100A9 production (Vogl, 

et. al., 2007). A major function of S100A8 and S100A9 is the regulation of 

leukocyte chemotaxis and tissue infiltration. Calprotectin induces the 

expression of integrin receptors on leukocytes, thus increasing their adhesion to 

fibrinogen, fibronectin, and endothelial cells (Sunahori, et. al., 2006). CLP 

causes a pro-inflammatory and thrombogenic response in the endothelium: it 

binds to endothelial cells through carboxylated glycans and TLR4 leading to 

cell activation. Following CLP activation, endothelial cells express CXCs, such 
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as IL-8 and MCP-1, and further S100A8 and S100A9. Endothelial cells also 

express VCAMs, ICAMs, and selectins on their surface which results in a 

chemotactic gradient, which then attracts PMNs and favors their binding to the 

endothelium (Sunahori, et. al., 2006). Calprotectin release leads to loss of 

cell–cell contacts and consequently alters the permeability of endothelium with 

leukocyte extravasation. It also triggers endothelial cell apoptosis and necrosis 

which are responsible for vascular and tissue damage (Viemann, et. al. 2007). 

1.2.5. Putative Role in Adaptive Immunity 

    Along with its classical role as an endogenous activator of innate immune 

response, CLP might represent a connection between inflammation and the 

adaptive immune response. Calprotectin contributes to the induction of auto-

reactive CD8  T cells during the activation process by antigen-presenting cells. 

This molecule is a co-stimulatory enhancer together with CD40/CD40 ligand 

signaling and leads to the loss of tolerance of T cells (Loser, et. al., 2010). In a 

murine model of autoimmunity, the absence of S100A8 and S100A9 resulted 

in reduced IL-17 production by auto-reactive CD8  T cells and in lower 

autoantibody production (Loser, et. al., 2010). In addition to its pro-

inflammatory activity, CLP exerts also a regulatory function in the adaptive 

immune system. Calprotectin overexpression in dendritic cells (DCs) is 

associated with an impaired T cell proliferation (Averill, et. al., 2011).  

     During inflammatory response, neutrophils and monocytes quickly arrive to 

the site of inflammation. The heterodimeric protein S100A8/A9, named as 

calprotectin which is an alarmin mainly derived by both cell types which play a 

critical role in inflammatory response, exerting its functions by binding to two 

patterns recognition receptors: Toll-like receptor and receptor of advanced 

glycation end products and activating pro-inflammatory signaling pathways 

leading to further recruitment and activation of immune cells (Pruenster, et. 
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al., 2016). Infection-induced inflammation is one of the main triggers that leads 

to calprotectin liberation (Wang, et. al., 2018). 

1.3. Cystatin C  

      There are three distinct types of cystatins that share sequence and structure 

homology but differ in size, site of action, and disulfide bond topology 

(Barrett, 1986). Human cystatin C (hCC) belongs to the type 2 cystatins that 

are generally secreted as extracellular polypeptides. Human cystatin C is 

broadly distributed and found in most body fluids (Grubb, 2000).  

1.3.1. Chemistry  

     Cystatin C (Cys C) contains four conserved cysteine residues that can form 

two disulfide bonds but, unlike other family members, was neither shown to be 

glycosylated (cystatin E/M and cystatin F) nor phosphorylated (chicken 

cystatin) (Turk, et. al., 2008). Cystatin C is a non-glycosylated protein with 

low molecular weight of 13 kDa consisting of 120 amino acids, belonging to 

cysteine-proteases family. It is produced at a constant rate by lysosomes of all 

nucleated cells in the organism and can be found in several biological fluids, 

such as serum, seminal liquid and cerebrospinal fluid (Macissac, et. al., 2011). 

Because of its small size and positive charge, Cys C is freely filtered by 

glomerulus, where it is taken up and degraded by proximal tubular cells. It also 

does not provide tubular secretion and can therefore be used as a biomarker for 

renal function (Dharnidharka, et. al., 2002). 

1.3.2. Biological Roles 

      In terms of biological function, hCC is a target of proteolysis, and primarily 

functions as a protease inhibitor. It is degraded by cathepsin D and elastase 

(Lenarcic, et. al., 1991). Uncontrolled proteolysis leads to an imbalance 

between active proteases and endogenous inhibitors, eventually leading to 

disease. The hCC concentration in blood correlates with the glomerular 
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filtration rate(GFR) (Grubb, et. al., 2014), an important marker of kidney 

health and the progression of diabetes, chronic kidney disease, etc. (Roos, et. 

al., 2007). Cystatin C is a cysteine protease inhibitor, also known as γ-trace 

basic protein or post-gamma globulin, which is encoded by the Cys C gene that 

can be continuously transcribed and expressed in all nucleated cells at a 

constant speed.. It is freely filtered in the glomeruli, completely reabsorbed by 

the renal tubular epithelial cells, and degraded within cells without returning to 

the blood. Renal tubular epithelial cells do not secrete serum Cys C (sCys C) 

into the lumen, therefore its serum concentration is mainly determined by 

glomerular filtration rate which is an important indicator of glomerular 

filtration (Liu, 2012). In addition, it has been reported that sCys C can be used 

to evaluate the survival rate of patients with sepsis (Al-Beladi, 2015). 

1.3.3. Cystatin C as Biomarker in Kidney Function Diagnosis 

    Several studies have shown that Cys C is an effective marker for diagnosing 

kidney damage, such as acute kidney injury (Al-Tu’ma et. al., 2017 ; Yong, et. 

al., 2017)  and kidney failure, in patients with diabetes mellitus (Yong, et. 

al.,2017) . Kidney function and glomerular filtration rate (GFR) decline, the 

blood levels of cystatin C rise, previous studies have shown that serum levels 

of Cys C are more precise test of kidney function than serum creatinine levels 

(Roos, et. al.,2007). Cystatin C levels are less dependent on age, gender, 

ethnicity and muscle mass compared to creatinine (Perrone, et. al., 1992). 

      Cross-sectional studies (based on a single point in time) suggest that serum 

levels of cystatin C are a more precise test of kidney function (as represented 

by the glomerular filtration rate, GFR) than serum creatinine levels (Roos, et. 

al., 2007). It has been suggested that cystatin C might predict the risk of 

developing CKD, thereby signaling a state of 'preclinical' kidney dysfunction 

(Shlipak, et. al., 2006). Additionally, the age-related rise in serum cystatin C is 
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a powerful predictor of adverse age-related health outcomes, including all-

cause mortality, death from cardiovascular disease, multimorbidity, and 

declining physical and cognitive function (Justice, et. al., 2018). 

     However, inflammation does not cause an increase in the production of 

cystatin C, since elective surgical procedures, producing a strong inflammatory 

response in patients, do not change the plasma concentration of cystatin C. 

Levels seem to be increased in HIV infection, which might or might not reflect 

actual renal dysfunction (Odden, et. al., 2007). The role of cystatin C to 

monitor GFR during pregnancy remains controversial (Akbari, et. al., 2005). 

Like creatinine, the elimination of cystatin C via routes other than the kidney 

increase with worsening GFR (Sjostrom, et. al., 2005). 

     Cystatin C can be measured in a random sample of serum (the fluid in blood 

from which the red blood cells and clotting factors have been removed) using 

immunoassays such as nephelometry or particle-enhanced turbidimetry 

(Croda, et. al., 2007). 

     The normal values decrease until the first year of life, remaining relatively 

stable before they increase again, especially beyond age 50 (Kottgen, et. al., 

2008; Ognibene, et. al., 2007). Creatinine levels increase until puberty and 

differ according to gender from then on, making their interpretation 

problematic for pediatric patients (Filler, et. al., 2005).  

     For optimal assessment, the serum/urinary levels of new biomarkers of AKI 

should increase rapidly at early stages of the injury, prior to the decrease in 

GFR (Rossaint, et. al., 2016), and should not be affected by concomitant 

infections, diseases of the liver, and inflammatory conditions. Moreover, these 

markers should be specific and enable to differentiate the etiology of AKI 

(Royakkers, et. al., 2007). Available evidence suggests that these criteria may 

be met by several proteins, including neutrophil gelatinase-associated lipocalin 
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(NGAL) (Wheeler, et. al., 2008), kidney injury molecule-1 (KIM-1) (Trof, et. 

al., 2006), Cys C (Mishra, et. al., 2003), and some interleukins (Bonventre 

and Yang, 2010). Serum cystatin C is freely filtered through the glomerular 

membrane and completely reabsorbed and metabolized by the proximal tubular 

cells without secretion (Dharnidharka, et. al., 2002). Acute Cys C changes 

may therefore provide more accurate AKI diagnosis; this would increase 

validity of novel biomarker and of AKI-outcome studies. Some studies have 

suggested that serum Cys C rise with AKI occurs before rise in serum 

creatinine, leading to evaluation of Cys C as an ―early AKI biomarker‖ 

(Parikh, et. al., 2011). However, malignancy, corticosteroids and thyroid 

dysfunction may lead to Cys C variability ( Manetti, et. al., 2005). Among the 

potential markers, sCys C performs a consistent accuracy in various conditions. 

For both the healthy individuals and CKD patients, serum Cys C has ever been 

proposed as a superior marker to Scr to evaluate GFR (Filler, et. al., 2005). 

Performed a meta-analysis to compare serum and/or urine cystatin C for 

diagnosis of AKI, and then they found Scys appeared to be a better biomarker 

in the prediction of AKI (Zhang, et. al., 2011). 

 

1.4. Kidney Injury Molecule-1 

     Kidney Injury Molecule-1 (KIM-1) was identified by our group as the most 

up-regulated protein in the kidney proximal tubule after a wide variety of 

injurious influences including ischemia, nephrotoxicants, sepsis and immune 

related injury and its cleaved ectodomain is often used as  a serum and urine 

marker for kidney injury (Brooks, et al., 2015).  

 

1.4.1. Chemistry and General Biological Roles 

      Kidney Injury Molecule-1, also identified as Hepatitis A Virus Cellular 

Receptor 1 (HAVCR1) in hepatocytes (Kaplan, et al., 1996), and T-cell 

immunoglobulin and mucin domain 1 (TIM-1), has been reported to be a 
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receptor for Ebola virus (Kondratowicz, et al., 2011), and dengue virus 

(Meertens, et al., 2012).  

    Kidney injury molecule-1 (KIM1, also known as TIM1, HAVCR1, or 

CD365) is primary expressed in kidney and drastically up-regulated in injured 

kidney proximal tubule in AKI or CKD, and plays crucial roles in 

inflammation infiltration and immune response (Gardiner, et. al., 2012). 

    Based on previous studies, kidney injury molecule-1, a recently discovered 

transmembrane protein with extracellular mucin and immunoglobulin domains, 

is believed to play a role in tubule-interstitial damage (Al-Tu’ma, et. al. , 2017 

; Ichimura, et. al., 1998). Kidney Injury Molecule-1 is not detectable in 

normal human or rodent kidneys but KIM-1 expression is increased more than 

that of any other protein in injured kidneys, and it is localized predominantly to 

the apical membrane of surviving proximal epithelial cells (Ichimura, et. al., 

2008).   

    Normal kidney tissues rarely express KIM-1, except in the acute injury 

resulting from ischemia, hypoxia, toxicity, or some renal tubular interstitial, 

and polycystic kidney disease (Wu, et. al., 2018). After injury to renal tubular 

cells, the extracellular section of KIM-1 is released into the renal tube cavity 

and is further shed into the urine, mediated by mitogen-activated protein kinase 

(MAPK) signaling pathways (Zhang, et. al., 2007).   

    Interestingly, KIM-1 has a phosphatidylserine receptor which enhances 

apoptotic bodies and necrotic debris phagocytosis. This molecule is, therefore, 

unique for giving epithelial cells a function characteristic of phagocytes; Figure 

(1-4) (Visnagri, et. al., 2015). It seems that KIM-1 down-regulates proximal 

tubular cell (PTC) cytokine secretion, modulates translational changes through 

nuclear factor kappa-light-chain-enhancer of activated B cells (NF-_B) 

pathway and interaction with phosphatidylinositol3 PI3 kinase subunit p85 

(Brooks, et. al., 2015). Experimentally, KIM-1 gene expression reflects 
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ongoing damage in various tubulointerstitial segments and in the renal cortex 

(Chiusolo, et. al., 2015)  . For these reasons, authors began considering KIM-1 

a biomarker capable of identifying early AKI and may even hold a possible 

predictive role (Tsigou, et. al., 2013). 

 

Figure (1-4): Structure of the Human KIM-1 protein. Schematic representation of 

KIM-1, showing the signal peptide, IgV, mucin, transmembrane, and cytoplasmic 

domains. The triangles are the predicted location of N-linked glycosylation sites. KIM-

1, kidney injury molecule-1; MLIBS, metal ion-dependent ligand binding site; T/S/P, 

threonine /serine /proline ; TM, transmembrane(Visnagri, et. al., 2015). 

 

1.4.2. Physiological Functions of Kidney Injury Molecule-1 

     Kidney Injury Molecule-1 functions as a phosphatidylserine receptor that 

recognizes and internalizes apoptotic cells (Ichimura, et. al., 2008).  Kidney 

Injury Molecule-1 also functions as a scavenger receptor, mediating the uptake 

of modified low-density lipoprotein and necrotic-cell debris (Ichimura, et. al., 

2008). Kidney Injury Molecule-1 expression transforms proximal tubular 

epithelial cells into semiprofessional phagocytes. In the immune system, KIM-

1/ Tim-1 has been implicated in activation of T-helper 2 (Th 2), Th 1, and Th 

17 differentiation (Rennert, 2011). It has also been proposed to be an 

activating receptor in B cells, dendritic cells, and natural killer T cells 

(Rennert, 2011). Many of the experiments that have led to these conclusions 

have relied on antibodies against KIM-1/ Tim-1, which have been presumed to 

be agonists or antagonists, or KIM-1 / Tim-1-Fc fusion proteins as key reagents 

(Rennert, 2011). In addition to its role in mediating phagocytosis, KIM-1 is 
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also involved in the repair process after injury to renal tubular epithelial cells. 

In vitro, transient KIM-1 overexpression can promote the migration and 

proliferation of renal tubular epithelial cells by activation of the ERK/MAPK 

signaling pathway.  

1.4.3. Kidney Injury Molecule-1 as Biomarker  

     Recent studies explored the ability of KIM-1 to diagnose early and/or 

predict AKI development in special populations. KIM-1 also is a sensitive 

biomarker for chronic proximal tubular injury (Gardiner, et. al., 2012). In 

protein-overload nephropathy, increasing KIM-1 levels are associated with 

inflammation of the renal tubules (van Timmeren, et. al., 2006). Kidney 

Injury Molecule-1 is the only effective clinical biomarker for CKD associated 

with hypertension (Hosohata, 2017). In more severe CKD, KIM-1 is an 

independent risk factor for progression to end-stage renal disease (ESRD) 

(Alderson, et. al., 2016) . In decompensated liver cirrhosis patients, AKI may 

be early diagnosed by combining several biomarkers, such as KIM-1, NGAL, 

and sCys C (Sun, et. al., 2017) . Elevated levels have also been identified in 

diabetic nephropathy (Ornellas, et. al., 2017), while in transplanted patients it 

may help in early detection of allograft rejection associated AKI (Szeto, et. al., 

2010). Notably, KIM-1 is overexpressed in renal cell carcinoma, therefore its 

extracellular domain can be detected in the urine of these patients (Zhang, et. 

al., 2014). Taking into consideration its specificity and sensitivity in early 

detection of renal injury, this biomarker may be used to detect renal 

dysfunction caused by nephrotoxic drugs (Dieterle, et. al., 2010) . 

     Kidney Injury Molecule-1 is an established marker of ischemia and 

proximal tubular injury (Zhang, et. al., 2017). It was approved by the US Food 

and Drug Administration (FDA) as a biomarker of AKI in preclinical drug 

research (Dieterle, et. al., 2010). This protein was proved to be particularly 
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useful in the diagnosis of AKI resulting from shock, surgery, or toxic damage 

and sepsis (Liang, et. al., 2010).  

1.5. Calprotectin, Cystatin C, and Kidney Injury Molecule-1 in Covid-19  

1.5.1. Calprotectin in Covid-19  

     Calprotectin levels were significantly higher in Covid- 19 patients who 

required mechanical ventilation, similarly to CRP (Shi, et. al., 2020).  A severe 

course of disease is characterized by a dysregulated immune response, 

suspected to be initiated by dysregulation of innate immune cells of the 

granulomonocytic lineage.  The pro-inflammatory mediator calprotectin 

(S100A8/A9, MRP 8/14) is reported to be an early signal, mediating the 

cytokine storm associated with an increased severity of Covid-19 (Silvin, et. 

al., 2020).  The expression of calprotectin is predominantly restricted to the 

intracellular compartment of neutrophil granulocytes, where it presents about 

half of the total cytosolic protein content. In contrast to routinely used 

inflammatory biomarkers such as CRP and PCT, it is released into the 

bloodstream without need for de novo protein biosynthesis. Thereby, 

circulating calprotectin possibly has a decisive kinetic advantage in that it 

might be one of the first responses of an organism to an inflammatory disease. 

Previous studies have reported significantly elevated levels of calprotectin in 

patients with severe Covid-19 and the possible ability of calprotectin to 

discriminate between mild and severe form of the disease (Chen, L. et. al., 

2020). In addition, elevated fecal calprotectin has been shown to associate with 

thromboembolic events in Covid-19 in the absence of gastrointestinal 

manifestations (Giuffre, et. al., 2020). 

1.5.2. Cystatin C in Covid-19  

      Cystatin C is a cysteine protease inhibitor secreted from human cells to 

blood circulation and directly interacts with human coronaviruses (Zi and Xu, 
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2018). Apart from the indication of renal function (Fernando and 

Polkinghorne, 2020), serum cystatin C originated from human alveolar 

macrophages might also associate with lung inflammation and respiratory 

dysfunction (Telo, et. al., 2018). Furthermore, cystatin C was suggested as an 

independent predictive factor of high mortality among the elderly population 

(Ingelfinger and Marsden, 2013). As yet, little was known of the relationship 

between circulating cystatin C levels and disease severity or all-cause death in 

Covid-19. Several studies reported kidneys alterations, as reflected by 

increased serum creatinine, in Covid-19 patients. SARS-CoV-2 could directly 

infect kidney tubular cells, which express the ACE2 receptor on their cellular 

surface. Moreover, circulating mediators could interact with kidney- resident 

cells resulting in endothelial dysfunction, microcirculatory derangement, and 

tubular injury (Joannidis, et. al., 2020). 

1.5.3. Kidney Injury Molecule-1 in Covid-19    

     Kidney Injury Molecule-1 has been identified as a new entry pathway for 

SARS‐CoV‐2 and its increase in correlation with disease severity as shown in 

study indicates that it may be used as a therapeutic target in the future (Kerget, 

et al., 2021).  The interaction of KIM‐1/TIM‐1 with T cells plays an important 

role in immune response, allergy, asthma, autoimmune diseases, and response 

to viral infections (Ichimura, et. al., 2020). Initial evaluations of KIM1/TIM‐1 

in Covid‐19 patients primarily focused on its relationship with acute kidney 

damage (Luther, et. al., 2020). Like ACE‐2 receptor, KIM‐1/TIM‐1 was found 

to facilitate the viral entry into cells via the IgV domain. Higher pro-

inflammatory cytokine levels due to increase the presence of virus in blood 

may cause further progression of kidney damage (Yang, X. et. al., 2020).  In 

studies with SARS‐CoV and MERS‐CoV, it was also determined that the IgV 

unit facilitates entry for other members of the family (Rabaan, et. al., 2020). In 
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another publication, it was suggested that KIM‐1/TIM‐1 receptors are abundant 

in the lungs and kidneys and that TW‐37, a molecule that can inhibit anti‐KIM‐

1/TIM‐1 antibody and endocytosis, may be used as a therapeutic target 

(Ichimura, et. al., 2020). 

  

1.6. Aim of the Study: 

According to the previous background, the aims of the presented study include: 

1. Measuring of each biomarker calprotectin, cystatin C and kidney injury 

molecule-1 in sera of Covid-19 to evaluatin severity among moderate 

and severe group of Covid-19 patients.  

2. Measuring of the other biomarkers used in Covid-19 diagnosis. 

3. Study the correlations between each of calprotectin, cystatin C and 

kidney injury molecule-1 with the other biomarkers in severe Covid-19 

cases. 
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2. Subjects, Materials, and Methods 

2.1. Subjects 

     The presented cross-sectional study was included a group of (91) patient 

samples with age ranged between (22 – 88) years and they are divided into: 

(45) of them were patients infected with moderate Covid-19 and (46) cases 

were patients infected with severe Covid-19. The patients with Covid -19 were 

selected from Al-Hayat unit, Al-Hussein Teaching Hospital, Al-Hussein 

Medical City / Kerbala Health Directorates / Kerbala - Iraq during Oct., 2020 

to July, 2021. The sociodemographic aspects of the patients were collected 

through the self-reported technique (student questionnaire) including age, 

gender, and having any current chronic diseases (Hypertension, diabetes 

mellitus, ischemic heart disease, smokers or non-smokers) were taken from 

each patient.  

      The patients were considered to have severe / 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.  

      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, smoking states, current chronic diseases (diabetes 

mellitus, hypertension). Serum Calprotectin, Cystatin C, Kidney injury 
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molecule-1, C- reactive protein, Ferritin, Creatnine, Urea, Complete blood 

counts were investigated.  

Fig. (2-1): Schematic representation of subjects groups 

Exclusion criteria: 

      The study excluded patients with any chronic or immune diseases like 

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, systematic immune disease, and also thyroid gland diseases were 

also excluded. 

Approval of the Ethical Committee 

     The protocol of the study was approved by Ethical Committee of College of 

Medicine, University of Kerbala, and committee of Al-hayat unit in Al-Hussein 

Total Covid-19 subjects  

N = 91 

With age ranged between 

(22-88 years ) 

Moderate Covid-19 Patients   

 N = 45  

With age ranged between 

(22-88 years ) 

Severe Covid-19 Patients 

 N = 46 

With age ranged between 

(22-88 years ) 

  

F

i
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Teaching Hospoital, Kerbala Medical City. Samples from serum were obtained 

after consent from patients or the patients' relatives. 

A structured questionnaire was specifically design to obtained information 

which helps to select individuals according to the selection criteria of the study. 

Sociodemographic aspects of the patients were also collected through the self-

reported technique (student questionnaire) which including: age, gender. 

  Blood Collection 

     Blood samples were collected from Al-hayat unit of Al Hussein Teaching 

Hospital. 5 ml of blood samples were drown by venipuncture using 5 ml 

disposable syringes. 3 ml of blood was left for (15 min) at room temperature in 

gel tube. Serums were separated by centrifuging for 10 minutes at 

approximately 300 x g. Serum samples were aliquot into two eppendrof tube 

and store at -20°C to avoiding multiple freezing-thawing cycles, and 2 ml of 

blood was collected by ethylene diamine tetraacetic acid (EDTA) anticoagulant 

tube. The samples were left on mixruller at room temperature to avoid 

formation of clot. The samples were used for determination of CBC. 

2.2. Materials 

2.2.1. Instruments  

All the instruments and tools which are used in this study are shown below in 

the table 2-1. 
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Table (2-1): The instruments used in the study 

Instrument Suppliers 

Centrifuge HETTICH/ Germany 

Deep Freeze COOLTECH/ China 

ELISA system UNO/HUMAN/ Germany 

XP-300™ automated  hematology 

analyzer Sysmex 

Japan 

Cobas e 411     Germany 

Cobas e 311     Germany 

Roller Mixer China 

Various laboratory tools Various suppliers 

 

2.2.2. Chemicals and Kits 

     The chemicals and kits with their supplier which were used in this study are 

listed in table (2-2). 

Table (2-2): Chemicals and kits which used in this study 

Chemicals Source 

Human Calprotectin ELISA kit Bioassay technology laboratory, China 

Human Cystatin C Elisa kit Bioassay technology laboratory, China 

Human Kidney injury molecule-

1ELISA kit 

Bioassay technology laboratory, China 

C-Reactive protein Kit China 

CBC Kit  Japan 

Ferritin Kit Maglumi, German 

Creatinine Kit  Randox , U.K 

Urea Kit Mindray, China 
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2.3. Methods 

2.3.1. Determination of Serum Calprotectin Levels 

Enzyme Linked Immunosorbent Assay System (ELISA) was performed using 

sandwich method to determine the concentrations of serum calprotectin levels.  

Principle:The plate was been pre-coated with human CLP antibody. CAL 

present in the sample was added and binds to antibodies coated on the wells. 

And then biotinylated human CLP Antibody is added and binds to CLP in the 

sample. Then Streptavidin-HRP was added and binds to the Biotinylated CLP 

antibody. After incubation unbound Streptavidin-HRP was washed away 

during a washing step. Substrate solution was then added and color develops in 

proportion to the amount of human CLP. The reaction was terminated by 

addition of acidic stop solution and absorbance is measured at 450 nm.  

Reagent Provided: The following table indicate the reagents used for CLP 

determination (2-3). 

Table (2-3): Reagents used for CAL determination 

Components Quantity 

Standard Solution (640ng/ml) 0.5 ml x 1 

Pre-coated ELISA Plate 12* 8 well strips x 1 

Standard Diluent 3 ml x 1 

Streptavidin-HRP 6 ml x 1 

Stop Solution 6 ml x 1 

Substrate Solution A 6 ml x 1 

Substrate Solution B 6 ml x 1 

Wash Buffer Concentrate (25x( 20 ml x 1 

Biotinylated human CAL Antibody 1 ml x 1 

User Instruction 1 

Plate Sealer 2 pics 

Zipper bag 1 pic 
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Reagent Preparation : All reagents should be brought to room temperature 

before use.  

Standard: The 120μl of the standard Reconstitute the 120 μl (640 ng/ml) was 

reconstituted with 120μl of standard diluent to generate a 320 ng/ml standard 

stock solution. The standard was allowed to sit for (15 min) with gentle 

agitation prior to making dilutions. The duplicate standard points were 

prepared by serially diluting the standard stock solution (320 ng/ml) 1:2 with 

standard diluent to produce 160 ng/ml, 80 ng/ml, 40 ng/ml and 20 ng/ml 

solutions. Standard diluent was served as the zero standard (0 ng/ml). Any 

remaining solution should be frozen at -20°C and used within one month.  

Table (2-4): Dilutions of standard solutions of 

Standard 

Concentration 

Standard No.     

320 ng/ml Standard No.5 120µl Original Standard + 120µl Standard Diluent   

160 ng/ml Standard No.4 120µl Standard No.5+ 120µl Standard Diluent   

80 ng/ml Standard No.3 120µl Standard No.4 + 120µl Standard Diluent   

40 ng/ml Standard No.2 120µl Standard No.3 + 120µl Standard Diluent   

20 ng/ml Standard No.1 120µl Standard No.2  + 120µl Standard Diluent    

 

       

Figure (2-2): Dilutions of standard solutions of Calprotectin 
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Wash Buffer:  20 ml of wash buffer concentrate 25 X was diluted  into 

deionized or distilled water to yield 500 ml of 1x Wash Buffer. When crystals 

had formed in the concentrate, the solution was mixed gently until the crystals 

had completely dissolved.  

Assay procedure: 

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

All reagents were brought to room temperature before use. The assay was 

performed at room temperature. 

2. Determine the number of strips required for the assay. Insert the strips in 

the frames for use. The unused strips should be stored at 2-8°C.  

3. 50 μl standard was added to standard well. Note: Antibody did not added 

to standard well because the standard solution contained biotinylated 

antibody. 

4. 40 μl sample was added to sample wells and then 10μl anti-CLP antibody 

was added to sample wells, then 50μl streptavidin-HRP  was added to 

sample wells and standard wells ( Not blank control well ). They were 

mixed well. The plate was covered with a sealer and it was incubated 60 

minutes at 37°C. 

5. The sealer was removed and the plate was washed 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 buffer, overfilling wells with wash buffer. Blot the 

plate onto paper towels or other absorbent material.  

6. 50 μl substrate solution A was added to each well and then  50μl substrate 

solution B was added to each well. Plate was incubated and covered with 

a new sealer for 10 minutes at 37°C in the dark. 

7. 50 μl Stop Solution was added to each well, the blue color  changed into 

yellow immediately. 
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8. The optical density value of each well was determined by using a 

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

solution. 

 

Calculation of Result: 

     Construct a standard curve by graphing the average OD for each standard 

on the vertical (Y) axis against the concentration on the horizontal (X) axis, 

and then drawing a best fit curve through the points on the graph. These 

calculations are best carried out using computer-based curve-fitting software, 

and the optimum fit line can be determined by regression analysis. 

2.3.2. Measurement of Serum Cystatin C 

Assay Principle: 

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

been pre-coated with human Cys C antibody. Cystatin C present in the sample 

was added and binds to antibodies coated on the wells. And then biotinylated 

human Cys C Antibody was added and binds to Cys C in the sample. Then 

Streptavidin-HRP is added and binded to the Biotinylated Cys C antibody. 

After incubation unbound Streptavidin-HRP was washed away during a 

washing step. Substrate solution was then added and color develops in 

proportion to the amount of human Cys C. The reaction was terminated by 

addition of acidic stop solution and absorbance was measured at 450 nm.  
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Table (2-5): Reagents used for Cys C determination 

Components Quantity 

Standard Solution (4.8mg/dl) 0.5 ml x 1 

Pre-coated ELISA Plate 12* 8 well strips x 1 

Standard Diluent 3 ml x 1 

Streptavidin-HRP 6 ml x 1 

Stop Solution 6 ml x 1 

Substrate Solution A 6 ml x 1 

Substrate Solution B 6 ml x 1 

Wash Buffer Concentrate (25x( 20 ml x 1 

Biotinylated human Cys-C Antibody 1 ml x 1 

User Instruction 1 

Plate Sealer 2 pics 

Zipper bag               1 pics 

 

Reagent Preparation: All reagents should be brought to room temperature 

before use. 

Standard: The 120 μl of the standard (4.8 mg/dl) was reconstituted with 120 

μl of standard diluent to generate a 2.4 mg/dl standard stock solution. The 

standard was allowed for 15 min with gentle agitation prior to making 

dilutions. The duplicate standard points were prepared by serially diluting the 

standard stock solution (2.4 mg/dl) 1:2 with standard diluent to produce 1.2 

mg/dl, 0.6 mg/dl, 0.3 mg/dl and 0.15 mg/dl solutions. Standard diluent was 

served as the zero standards (0 ng/ml). Any remaining solution should be 

frozen at -20°C and used within one month.  
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Table (2-6): Dilutions of standard solutions of Cystatin C 

Standard 

Concentration 

Standard No.     

0.15 mg/dl Standard No.1 120µl Standard No.2 + 120µl Standard Diluent   

0.3 mg/dl Standard No.2 120µl Standard No.3 + 120µl Standard Diluent   

0.6 mg/dl Standard No.3 120µl Standard No.4 + 120µl Standard Diluent   

1.2 mg/dl Standard No.4 120µl Standard No.5 + 120µl Standard Diluent   

2.4 mg/dl Standard No.5 120µl Original Standard + 120µl Standard Diluent    

 

Table (2-3): Dilutions of standard solutions of Cystatin C 

 

Wash Buffer: 20 ml of wash buffer concentrate 25 X was diluted  into 

deionized or distilled water to yield 500 ml of 1x Wash Buffer. When crystals 

had formed in the concentrate, the solution was mixed gently until the crystals 

had completely dissolved. 

 

Assay Procedure: 

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

All reagents were brought to room temperature before use . The assay 

was performed at room temperature. 

2. Determine the number of strips required for the assay. The strips were 

inserted in the frames for use. The unused strips should be stored at 2-

8°C. 

3. 50 μl standards were added to standard well. Note: Antibody did not 

added to standard well because the standard solution contained 

biotinylated antibody. 
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4. 40μl sample was added to sample wells and then 10μl anti-Cys C 

antibody was added to sample wells, then 50μl streptavidin-HRP  was 

added to sample wells and standard wells (Not blank control well). They 

were mixed well. The plate was covered with a sealer and it was 

incubated 60 minutes at 37 °C 

5. The sealer was removed and the plate was washed 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 buffer, overfilling wells with wash buffer. Blot 

the plate onto paper towels or other absorbent material. 

6. 50 μl substrate solution A was added to each well and then 50 μl                                                      

substrate solution B was added to each well. Plate was incubated and 

covered with a new sealer for 10 minutes at 37°C in the dark 

7. 50 μl stop solution was added to each well, the blue color changed into    

yellow immediately. 

8. The optical density (OD value) of each well was determined 

immediately using a microplate reader set to 450 nm within 10 minutes 

after adding the stop solution. 

Calculation of Result: 

     Construct a standard curve by graphing the average OD for each standard 

on the vertical (Y) axis against the concentration on the horizontal (X) axis, 

and then drawing a best fit curve through the points on the graph. These 

calculations are best carried out using computer-based curve-fitting software, 

and the optimum fit line can be determined by regression analysis. 
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2.3.3. Measurement of Serum Kidney Injury Molecule-1 

Assay Principle 

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

been pre-coated with human KIM-1 antibody. Kidney Injury Molecule-1 

present in the sample was added and binded to antibodies coated on the wells. 

And then biotinylated human KIM-1 Antibody was added and binds to KIM-1 

in the sample. Then Streptavidin-HRP was added and binded to the 

Biotinylated KIM-1 antibody. After incubation unbound Streptavidin-HRP was 

washed away during a washing step. Substrate solution was then added and 

color developed in proportion to the amount of human KIM-1. The reaction 

was terminated by addition of acidic stop solution and absorbance was 

measured at 450 nm. 

Table (2-7): Reagents used for KIM-1 determination 

Components Quality 

Standard Solution (40 μg/ml) 0.5 ml x 1 

Pre-coated ELISA Plate 12 x 8 well strips x 1 

Standard Diluent 3 ml x 1 

Streptavidin-HRP 6 ml x 1 

Stop Solution 6 ml x 1 

Substrate Solution A 6 ml x 1 

Substrate Solution B 6 ml x 1 

Wash Buffer Concentrate (25x( 20 ml x 1 

Biotinylated human KIM-1Antibody 1 ml x 1 

User Instruction 1 

Plate Sealer 2 pics 

Zipper bag 1 pic 
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Reagent Preparation: All reagents were prepared freshly at room temperature 

before used. 

1. The 120 μl of the standard (12.8 ng/ml) was reconstituted with 120μl of 

standard diluent to generate a 6.4ng/ml standard stock solution. The 

standard was allowed to sit for (15 mins) with gentle agitation prior to 

making dilutions. The duplicate standard points were prepared by serially 

diluting the standard stock solution (6.4 ng/ml) 1:2 with standard diluent to 

produce 3.2 ng/ml, 1.6ng/ml, 0.8ng/ml and 0.4ng/ml solutions. Standard 

diluent served as the zero standard (0 ng/ml). Any remaining solution 

should be frozen at -20°C and used within one month.    

2. Wash Buffer Dilute 20ml of Wash Buffer Concentrate 25 X into deionized 

or distilled water to yield 500 ml of 1 X Wash Buffer. If crystals have 

formed in the concentrate, mix gently until the crystals have completely 

dissolved. 

 

Table (2-8): Dilution of standard solutions of Kidney Injury Molecule-1 

Standard 

Concentration 

Standard No.     

0.15 ng/ml Standard No.5 120µl Original Standard + 120µl Standard Diluent   

0.3 ng/ml Standard No.4 120µl Standard No.5+ 120µl Standard Diluent   

0.6 ng/ml Standard No.3 120µl Standard No.4 + 120µl Standard Diluent   

1.2 ng/ml Standard No.2 120µl Standard No.3 + 120µl Standard Diluent   

2.4 ng/ml Standard No.1 120µl Standard No.2  + 120µl Standard Diluent    
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Table (2-4): Dilution of standard solutions of Kidney Injury Molecule-1 

 

Assay Procedure: 

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

reagents were brought to room temperature before use. The assay was 

performed at room temperature. 

2. Determine the volume of strips needed for the assay. For use, the strips were 

inserted into the frames. Unused strips should be kept at 2-8 °C. 

3. 50 μl standards were added to standard well. Note: Antibody did not added 

to standard well because the standard solution contained biotinylated 

antibody 

4. 40 μl sample was added to sample wells and then 10μl anti-KIM-1 antibody 

was added to sample wells, then 50μl streptavidin-HRP was added to sample 

wells and standard wells ( Not blank control well ). They were mixed well. 

The plate was covered with a sealer and it was incubated 60 minutes at 

37°C. 

5. After removing the sealer, the plate was washed five times with wash buffer. 

For each wash, soak wells in at least 0.35 mL wash buffer for 30 seconds to 

1 minute. Aspirate all wells and wash with wash buffer five times, 

overfilling wells with wash buffer, for automatic washing. Using paper 

towels or some other absorbent material, blot the plate. 
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6. Each well added 50 of substrate solution A, followed by 50μl of substrate 

solution B. For 10 minutes at 37 °C in the dark, the plate was incubated and 

covered with a new sealer. 

7. 50 μl Stop Solution was added to each well, the blue color  changed into 

yellow immediately  

8. Within 10 minutes of adding the stop solution, the optical density (OD 

value) of each well was measured using a microplate reader set to 450 nm. 

Calculation of Result: 

      Construct a standard curve by graphing the average OD for each standard 

on the vertical (Y) axis against the concentration on the horizontal (X) axis, 

and then drawing a best fit curve through the points on the graph. These 

calculations are best carried out using computer-based curve-fitting software, 

and the optimum fit line can be determined by regression analysis. 

2.3.4. Determination of C-Reactive Protein Level  

Principle 

   The FinecareTM CRP Quantitative test is based on fluorescence 

immunoassay technology. The FinecareTM CRP Rapid Quantitative Test uses 

a sandwich immunodetection method. When the sample is added to the sample 

well of the Test Cartridge, the fluorescence- labled CRP antibody binds to CRP 

antigen in blood specimen. As the sample mixture migrates on the 

nitrocellulose matrix of test strip by capillary action, the complexes of detector 

antibody and CRP are captured to CRP antibody that has been immobilized on 

test strip. Thus, if more CRP antigen is in blood specimen, more complexes are 

accumulated on test strip. Signal intensity of fluorescence of detector antibody 

reflects the amount of CRP captured and FinecareTM FIA Meter shows CRP 

concentrations in blood specimen. The default results unit of FinecareTM CRP 

Rapid Quantitative test is displayed as x mg/L from Finecare TM FIA Meter. 
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The working range and the detection limit of the CRP Test system are 0.5 - 200 

mg/L and 0.5 mg/L.  

Procedure 

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

for  90 minutes at 37 °C  

2. Discarded the liquid, immediately added 100μL Biotinylated detection Ab 

working solution 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. 

6. Fifty µl of stop solution was added. Determined the Abs value at 450 nm 

immediately. 

Calculation 

   The concentration was calculated from the standard curve. The standard 

curve has demonstrated a direct relation between CRP concentration and the 

corresponding absorbance. The results have appeared automatically by the 

ELISA reader program from the calibration curve. 
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Figure (2-5): Standard curve of serum C-Reactive Protein 

2.3.5. Determination of Serum Ferritin Level  

Principle  

The method for measurement of Ferritin on the cobas e601 is a sandwich 

principle with a total duration time of 18 minutes. The 1st incubation uses 10 

μL of sample, a ferritin-specific antibody and a labeled ferritin-specific 

antibody to form a sandwich complex. The 2nd incubation occurs after the 

addition of microparticles that cause the complex to bind to the solid phase. 

The reaction mixture is aspirated into the measuring cell where the 

microparticles are magnetically captured onto the surface of the electrode. 

Unbound substances are then removed. Application of a voltage to the 

electrode then induces chemiluminescence emission which is measured by a 

photomultiplier, then the results are determined via a calibration curve.  

Procedure  

1. Allow Calibrators, QC and patient samples to reach ambient temperature.  

2. Ensure that the amount of reagents, diluent, and wash solutions are adequate 

for the amount of samples to be run. You may place more than one bottle of 
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reagent at a time on the analyzer; however, avoid using more than one lot 

number of reagent for a single run.  

3. Make sure the analyzer and/or tests required are not masked.  

4. Check to see if calibration is required for the tests that will be run.  

5. If running the same tests on all samples, go to the ―Start‖ global button and 

set the ―default profile‖.  

6. Be sure to clear all previously programmed samples from the Data Review 

screen after backing up the data.  

7. Perform the required maintenance on the e601 system.  

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

 

Interpretation of test result  

An instrument for Cobas tests calculates the test result automatically and 

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

off  

2.3.6. Determination of Serum Lactate Dehydrogenase Activity Level 

Principle 

     Lactate dehydrogenase (LDH) catalyzes the conversion of L-lactate to 

pyruvate; NAD is reduced to NADH in the process. The initial rate of NADH 

formation is directly proportional to the catalytic LDH activity and is 

determined by measuring the increase in absorbance at 340 nm.  

                                                       LDH 

L-Lactate + NAD
+
 ◄==========►Pyruvate + NADH + H

+
 

 

 

D



Materials and Methods Subjects,                                 Chapter Two                          
 

  53 

Reagents- working solutions 

 R1:- N-methyl glucamine: 400 mmol/l, pH 9.4 (37 °C); lithium lactate: 

62 mmol/l; stabilizers and preservatives 

 R2 :- NAD: 62 mmol/l ; stabilizers and preservatives precautions  . 

Procedure: 

 The gel tube containing serum was entered to the equipment and analyzed 

automatically. 

Calculations 

The concentration of the serum LDH is measured automatically by using 

Cobas integra 400 plus analyzer.  

3.3.7. Determination of Complete Blood Count 

The measures of CBC were done by XP-300™ Automated hematology 

analyzer Sysmex . 

Principle: 

 DC detection method for WBC . 

 DC detection method for RBC/PLT . 

 Non-cyanide haemoglobin analysis method for HGB . 

Parameters: WBC, RBC, HGB, HCT, MCV, MCH, MCHC, PLT, LYM%, 

MXD%, NEU%, LYM#, MXD#, NEU# RDW-SD, RDW-CV, PDW, and 

MPV. 

Sample volume: 

 Whole blood (WB) mode : Approximately 50µL . 

 Pre-diluted (PD) mode : Approximately 20µL . 

 



Materials and Methods Subjects,                                 Chapter Two                          
 

  54 

2.3.8. Measurment of Blood Urea 

Reaction Principle: 

                                 Urea + 2H2O ◄==========►2NH4
+ 

+ CO3 
2-

 

α-Oxoglutarate + NH4
+
 + NADH ◄==========►L-Glutamate+ NAD 

+
+ H2O 

Urea was hydrolyzed by urease, and one of the products, ammonia, was helped 

to turn NADH to NAD
+
 with the catalysis of GLDH. The absorbency decrease 

was directly proportional to the concentration of urea. 

Table (2-9): Reagents Components and concentrations: 

R1 Tris buffer 

ADP 

120 mmol/l 

750 mmol/l 

Urease 

GLDH 

240 KU/l 

0.4 KU/l 

R2 

 

NADH 

Oxoglutrate 

1.2 mmol/l 

25 mmol/l 

 

Method: Urease-glutamate Dehydrogenase, UV method 

Assay procedure:  

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

following table (2-10). 

Table (2-10) Assay procedure of urea determination 

 Blank Sample 

Reagent 1                                        1000 µl 1000 µl 

Dist. Water                                       15 µl                                        …………. 

Sample ………….. 15 µl                                        
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The tubes were mixed and incubated for 2 min at 37C ., then reagent 2 was 

added : 

Reagent 2                                        250 µl 250 µl 

The tubes were mixed thoroughly, incubated at 37C for 90 s and then the 

absorbance change was read value over a further 90 s. 

 Change in Absorbance / min, ∆Amin  = [∆A sample]- [∆A blank] 
 

Calculation: The analyzer was calculated the Urea concentration of each 

sample automatically after calibration .Conversion factor: mg/dl × 0.166 = 

mmol/l ; Or: C sample  = (∆A sample/∆A calibration) × C calibration  

2.3.9. Measurement of Serum Creatinine Concentration  

Principle: Creatinine was a colored complex formed when an alkaline solution 

reacted with picric acid. The amount of complex produced was proportional to 

the concentration of creatinine (Henry, 1974). The reagents used in this 

procedure are 

1. Picric Acid 35 mmol/l  

2. Sodium Hydroxide 0.32 mol/l 

Assay procedure:  

 Blank S0 Standard S1 Sample 

Distilled  50 µl -- -- 

Standard  -- 50 µl -- 

Sample  -- -- 50 µl 

Reagent 500 µl 500 µl 500 µl 

The tubes were mixed and the absorbance was read after 30 seconds A1 of the 

standard and sample. The absorbance was read A2 of standard and sample at 

2 minute later 
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Calculation:  

Concentration of creatinine in serum  

Conc. Creatinine = 
 ∆A Sample

 ∆A Standard
  X Standard concentration µmol/l 

Conc. Creatinine =  
 ∆A Sample

 ∆A Standard
  X Standard concentration mg/dl 

Normal value = 0.6-1.1 mg/dl for men, 0.5-0.9 mg/dl for women  

2.4. Statistical Analysis 

  Information from the questionnaire and all test results from patients 

samples were organized in several data sheets. The data analysis for this work 

was generated using the Real Statistics Resource Pack software for 

Mac(Release 7.2) of the resource pack for Excel 2016. Copy-right (2013 – 

2020).  

       Descriptive statistics was performed on the participants‘ data of each 

group. Spearman correlation test was used to calculate the association 

coefficient (r) to assess the strength, direction and significance of association 

positive signed (r) indicated direct (positive association) and the negative 

signed indicated versed association, the value of (r) ranged from 0 (no 

association) and 1(perfect ssociation), the higher (r) value, the stronger the 

association . The distribution of the data was checked for normality using the 

Box plot test. 

     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. Demographic Characteristics of Covid-19 Patients Groups 

           The clinical demographic characteristics and laboratory 

parameters of both patients groups of Covid 19 were summarized in 

Table (3-1).Table illustrated the mean age of participants which was 

within the age group of (22 – 88) years old that is higher in severe than 

in moderate. Older people are more likely to progress to severe disease 

than middle-aged adults or young people (Liu, W. et al, 2020). Gender 

distribution among the studied groups was: 62% males, 38% females 

for patients group. These disparities in sex mainly relate to factors 

., et alGebhard, ( 
concerning social behaviour and human biology

ic expression of the ACE2 specif-. found cell typeet alZhao  .2020)

receptor in type II alveolar epithelial cells is higher in males than in 

females (Zhao, Y. et al., 2020).The diabetes mellitus and hypertension 

were higher in severe than moderate. Another report showed that the 

most frequent comorbidities in patients with Covid-19 who developed 

the acute respiratory distress syndrome were hypertension (27%), 

diabetes (19%), and cardiovascular disease (6%) (Wu, C. et al.,  2020).  

     There is growing evidence to support WHO‘s statements that 

smokers are at a higher risk of developing severe Covid-19 and 

consequent death (Grundy, et al., 2020).  
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Table (3-1): Demographic characteristics of Covid-19 patients in 

severe and moderate groups 

Characteristics Patient Group Normal Value 

Moderate Severe  

Demographics Age Mean(Median) 56.82(56) 63.04(62)  

Gender 

(Male/Female) 

(28/17) (29/17)  

Medical 

History 

Smoking(Yes/No) (5/40) (7/39)  

DM(Yes/No) (17/28) (22/24)  

HT(Yes/No) (19/26) (26/20)  

Sat. O2 

Mean(Median) 

91.87(92) 70.87(72) 95% or higher 

Biochemical 

parameters  

Mean(Median) 

CRP  85.58  (42) 63.65 (42.95) 0-6 mg/L 

LDH 409.31 (348)  524.31 (444) 240-480 U/L 

Ferritin 598.63 (490) 894.99 (630.4) 20-350 ng/mL 

S.Creatinine  2.67 (1.03)  1.11(0.79) 0.7-1.2 mg/dl 

S.Urea 57.708 (44.3) 54.45 (44.1) 12-45 mg/dl 

CLP 78.24 (64.98) 

 

89.27 (65.14) 

 

31.64-126.97 

ng/ml 

Cys C 0.49 (0.48) 0.48 (0.47) 0.24-0.76 mg/dl 

KIM-1 1.701 (1.43) 1.506 (1.36) 0.76-3.26 ng/ml 

Complete 

Blood Count 

Mean(Median) 

RDW-CV 14.01 (13.80)   14.91(14.55) 11.5-14.5% 

WBC 14.47 (11.70)  14.99 (14.60) 4-11(10^9/L) 

NEU% 82.51(85.30)  84.77 (87.90) 39.3-73.7 % 

LYM% 10.84 (8.40) 8.77 (6.70) 18-45.3 % 

HGB 16.081(12.80)  12.62(12.55) 13.5-17.5 g/dL 
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3.2. Examination the distribution of data in the studied groups 

      In descriptive statistics, a box plot or boxplot (also known as box 

and whisker plot) is a type of chart often used in explanatory data 

analysis. Box plots visually show the distribution of numerical data and 

skewness through displaying the data quartiles (or percentiles) and 

averages. 

Box plots show the five-number summary of a set of data: 

including the minimum score, first (lower) quartile, median, third 

(upper) quartile, and maximum score. The median is the average value 

from a set of data and is shown by the line that divides the box into two 

parts. In statistics, dispersion (also called variability, scatter, or spread) 

is the extent to which a distribution is stretched or squeezed. The 

smallest value and largest value are found at the end of the ‗whiskers‘ 

and are useful for providing a visual indicator regarding the spread of 

measurements. On the other hand, figures also indicated that the 

interquartile ranges of the boxes regarding patients groups have more 

dispersion of a data set with indicated more variability. 

 

3.2.1. Distribution (CRP, Ferritin and LDH) 

Figure (3-1) to figure (3-3) demonstrate the distribution of CRP, 

Ferritin, and LDH in different stage of Covid-19 patients groups. The 

levels of CRP, Ferritin, and LDH were varied  based on severity of 

disease. The median levels of CRP in moderate and severe groups were 

42, 42.95 mg/l while the mean of ferritin in moderate and severe groups 

were 491.2, 630.1 ng/mL respectively and the mean of LDH in 

moderate and severe groups were 348, 444.23 U/L respectively, table 

(3-1). 
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A) C-reactive protein : Higher CRP levels are also linked to 

development of acute respiratory distress syndrome, which is observed 

in patients with severe Covid-19 (Wu, J. et. al.,2020). In COVID-19, 

the exact effect of CRP remains unclear, but it was reported that their 

level can be used for early diagnosis of pneumonia (Chalmers, et. 

al.,2020), and assessment of severe pulmonary infectious diseases. The 

elevated levels of CRP might be linked to the overproduction of 

inflammatory cytokines in patients with COVID‐19. Cytokines fight 

against the microbes, Thus, CRP production is induced by inflammatory 

cytokines and by tissue destruction in patients with COVID‐19. CRP 

levels in our studies increased in severe and moderate group, in others 

study CRP level could also be used in monitoring the progression and 

improvement of patients with Covid-19 (Li, H. et. al.,2020). CRP was 

found at increased levels in the initial stage than those in the critical 

group (Tan, et. al.,2020).  

 

Figure (3-1): Boxplot of the Distribution of serum level of CRP mg/L in 

COVID-19 patients based on their disease severity.  

B) Ferritin: Hyperferritinemia caused by the excessive inflammation 

due to the infection is associated with the admission to the intensive 

care unit and high mortality, and represents an indication to recognize 

high-risk patients to guide the therapeutic intervention to control 

inflammation (Kernan and Carcillo, 2017). Ferritin levels greater than 
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800 g/l were found in 100% of patients with severe disease and 30% of 

those with non-severe disease (Ji, et. al., 2020). Ferritin showed higher 

levels in non-survivors throughout the clinical course, and increased 

with disease deterioration (Zhou, P. et. al., 2020). Ferritin levels were 

also elevated in severe compared to moderate cases in a smaller 

retrospective study of 21 patients with Covid-19 conducted in China 

(Chen, Q. et. al., 2020). A study focusing on early hyperinflammation 

in Covid-19 patients evaluated the high levels of serum ferritin in the 

first seven days of hospitalization as a predictor for the cytokine storm 

syndrome, (Henry, et. al., 2020),and a meta-analysis including 21 

studies (3377 patients and 33 laboratory parameters) also demonstrated 

serum ferritin as a biomarker for potential progression to critical illness. 

(Caricchio, et. al., 2020). 

 

Figure (3-2):  Boxplot of the Distribution of serum level of Ferritin ng/mL in 

COVID-19 patients based on their disease severity. 

C) Lactate Dehydrogenase (LDH): To date, studies have shown that 

patients with severe Covid-19 have elevated serum LDH levels (Zhang, 

B. et al., 2020 ) , but no study has specifically evaluated its effect on the 

severity and mortality of COVID-19. 
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Figure (3-3):  Boxplot of the Distribution of serum level of Lactate 

Dehydrogenase U/L in Covid-19 patients based on their disease severity. 

3.2.2. Distribution of Calprotectin (CLP): Figure (3-4) demonstrate 

the distribution of CLP in different stage of Covid-19 patients groups. 

The levels of CLP were varied  based on severity of disease. The 

median levels of CLP in moderate and severe groups were 64.98, 65.15 

ng/ml.  

 

Figure (3-4):  Boxplot of the Distribution of serum level of Calprotectin ng/ml 

in Covid-19 patients based on their disease severity 

There was no significant correlation in CLP when compare it between 

moderate and severe group of Covid-19 patient group (rs= 0.2 p < 0.05), 

figure (3-4). Studies are ongoing, but there is not enough evidence at 

this time to support this finding and no scientific consensus whether or 
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not calprotectin can serve as a prediction of how serious the virus will 

be in some patients. Researchers will continue studying calprotectin in 

COVID-19 patients, but for now, calprotectin is still used primarily as a 

way for doctors to see if patients have inflammation in their intestines 

(Shi, et al., 2020). 

3.2.3. Distribution of Kidney Injury Markers (S,Creatinine, S.Urea, 

Cystatin C and Kidney Injury Molecule-1) 

Figure (3-5) to figure (3-8) demonstrate the distribution of S.Cr, S.Urea, 

Cys C and KIM-1 in different stage of Covid-19 patients groups. The 

levels of theses biomarker were varied  based on severity of disease. 

The median levels of S.Cr in moderate and severe groups were 1.03, 

0.79 mg/dl while the median of serum urea in moderate and severe 

groups were 44.3, 44.1 mg/dl respectively,  the median of Cys C in 

moderate and severe groups were 0.48, 0.47 mg/dl and the median of 

KIM-1 in moderate and severe groups were 1.43, 1.36 ng/mL 

respectively. 

A) Distribution S,Creatinine and S.urea: To date, a number of 

studies have revealed that patients with Covid-19 may have renal 

function damage, and the clinical manifestations include rise in 

sCr, and AKI (Henry, et. al., 2020) . Analyzed kidney function in 

193 Covid-19 patients and found that 31% of patients had an 

elevated level of blood urea nitrogen (BUN) and 22% had 

increased serum Creatinine (Li, Z. et. al., 2020). Prospective 

cohort study of 701 Covid-19 patients, the incidences of elevated 

creatinine and BUN were 14.4 and 13.1%, respectively (Cheng, 

et al., 2020).  
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Figure (3-5):  Boxplot of the Distribution of serum level of Creatinine mg/dl in 

Covid-19 patients based on their disease severity 

 

 

Figure (3-6):  Boxplot of the Distribution of serum level of Urea mg/dl in 

Covid-19 patients based on their disease severity. 

 

B) Distribution of Cystatin C: In support of While higher serum 

concentrations of cystatin C are likely to reflect the presence of kidney 

dysfunction, e.g., AKI, in patients with Covid-19, they might also be a 

marker of the excessive systemic inflammatory and pro-oxidant state 

that characterizes this group (Fajgenbaum, et al., 2010). In this study 

In Figure (3-4) there was no significant correlation in Cys C when 

compare it between moderate and severe group of Covid-19 patient 

group (rs= 0.3 p<0.05), figure (3-7). 
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Figure (3-7):  Boxplot of the Distribution of serum level of Cystatin C mg/dl in 

Covid-19 patients based on their disease severity. 

 

Table (3-2) shows that correlation between Cys C, S.Cr and S.Urea 

in moderate and severe groups of Covid-19 patients. In severe group, 

there was a weakly significant positive-correlation between Cys C and 

S.Cr [rs=0.3, P value= 0.01].  

 

Table (3-2): Correlation coefficients by Spearman rank test 

between Cystatin C and Creatinie and Urea based on severity of 

COVID-19 patients. 

 Cyc C  in Moderate 

patients 

 

Cys C  in Severe patients 

 

rs P value rs P value 

S.Creatinine 0.14 0.3 0.3 0.01 

S.Urea 0.16 0.2 0.04 0.7 
 

Estimation of serum cystatin C can help early diagnosis of CKD, 

Compared with traditional renal function indexes, such as serum 

creatinine and urea nitrogen, Cys C can reflect glomerular filtration rate 

more accurately (Iyare, et al., 2019). Serum creatinine is a more 
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sensitive index of kidney function compared to serum urea level. The 

mechanism of kidney injury following Covid-19 infection  remains 

unclear, although the coexpression of ACE2 receptors and 

transmembrane  serine proteases (TMPRSSs) is key for the entry of 

SARS-CoV-2 into host cells (Zhang, B. et al., 2020). A single-cell 

transcriptome analysis showed that ACE2 and TMPRSS genes have 

relatively high coexpression in podocytes and proximal straight tubule 

cells (Pan, X. et al., 2020). Therefore, kidney injury may be caused by 

direct viral infection. Moreover, cytokine storm syndrome, which is 

associated with sepsis following SARS-CoV-2 infection, might also 

cause kidney cell damage (Mubarak, et al., 2020). Renal dysfunction 

may also result from volume depletion and multiple organ failure 

(Selby, et al., 2020). A large retrospective study indicated that AKI 

occurred in approximately 90% of Covid-19 patients who required 

ventilation (Hirsch, et. al., 2020). 

C) Distribution of Kidney Injury Molecule-1: KIM‐1 has been 

identified as a new entry pathway for SARS‐CoV‐2 and its increase in 

correlation with disease severity as shown in study indicates that it may 

be used as a therapeutic target in the future. KIM-1 has been associated 

with inflammation in renal tubular injury. Although the role of KIM-1 

in AKI has been usually viewed as anti-inflammatory (as a receptor to 

phosphatidylserine, it increases the uptake of apoptotic and necrotic 

bodies) and involved in tubular cells‘ repair (Song, et al., 2019). 
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Figure (3-8):  Boxplot of the Distribution of serum Kidney Injury Molecule-1 

level of ng/ml in Covid-19 patients based on their disease severity. 

Table (3-3) shows that correlation between KIM-1, CLP, Cys C, S.Cr 

and S.Urea in moderate and severe groups of Covid-19 patients. In 

severe group, there was a moderately significant positive-correlation 

between KIM-1 and CLP[rs=0.4, P value= 0.002].In modetate group 

there was weakly significant positive-correlation between KIM-1 and 

Cys C [rs=0.3, P value= 0.01] and in severe group there was strongly 

significant positive-correlation between KIM-1 and Cys C [rs=0.5, P 

value= 0.0001]. 

 

Table (3-3): Correlation coefficients by Spearman rank test 

between KIM-1 and CLP, Cys C, Creatinine and Urea based on 

severity of COVID-19 patients. 

 KIM-1  in Moderate 

patients 

 

KIM-1  in Severe patients 

 

rs P value rs P value 

CLP 0.1 0.2 0.4 0.002 

Cys C 0.3 0.01 0.5 0.0001 

S.Creatinine 0.08 0.5 0.2 0.08 

S.Urea 0.1 0.5 0.1 0.3 
 

0
0.5

1
1.5

2
2.5

3
3.5

Moderate KIM-1 Severe KIM-1

Spearman Rank Correlation 
 rs= 0.3  p < 0.05 
 



Results and Discussion                                                    Chapter Three 
 

69 

As a consequence of its role in enhancing the clearance of dead cells by 

the surviving tubular cells, KIM-1 may act to modulate immune 

response in AKI, and phagocytosis of apoptotic cells may downregulate 

the proinflammatory immune response (Bonventre and Yang,2010). 

Van Timmeren et al. reported that in various kidney diseases, KIM-1 

expression in kidney bioptates was detected in areas of inflammation 

and fibrosis, while urinary KIM-1 increased in parallel to increased 

tissue expression and correlated with inflammation (Van Timmeren, et 

al., 2007). There was no significant correlation in KIM-1 when compare 

it between moderate and severe group of Covid-19 patient group (rs= 

0.2 p<0.05), figure (3-8). There are not enough studies that illustrated 

the association between KIM1 and Covid-19 , but Notably, KIM1 and 

ACE2 co-expressed in kidney, colon, rectum, testis and gallbladder 

which are all among the target organs of SARS-CoV-2 (Cha, et. al., 

2020) implicating a potential close correlation of KIM1 with Covid-19 

manifestations. 
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Conclusions and Recommendations 

1. Conclusion  

 There is no significant correlation in CLP, Cys C and KIM-1 and 

cannot serve as indicator biomarkers when compare them among 

severe and moderate group. 

 There is positive correlation between KIM-1 with Cys C in severe 

and moderate group, but only in severe group with CLP positive 

correlation. 

 Significant positive correlation between Cys C and S.Cr in severe 

group of Covid-19 patients. 
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2. Recommendations  

 Further research is warranted to better characterize and justify the 

routine clinical use of serial CLP assessments in Covid-19. 

 Future studies using multivariate analyses are needed to identify 

independent predictors of severe disease and to define the best 

combination of markers to aid in the risk stratification and 

management of Covid-19 cases. 

 Since most of the studies were retrospective in design, 

incomplete, and failed to report final outcomes due to the need 

for rapid publishing during the current pandemic, It might be a 

good idea to correlate the CLP, Cys C, and KIM-1  levels with 

pre/post Covid-19 cases in order to investigate their contributions 

through monitoring of disease or prediction of complications of 

disease.  

 For make a superior information about the job of CLP, CysC, and 

KIM1 biomarkers in Covid-19, we recommend to creators to get 

different gatherings of Covid-19 patients (Mild and Critical) in 

the review and measure the GFR and contrast it and CysC and 

KIM1 

 

 

 

 

 



 

73 

 

 

 

 

 

 

 

  

   

 

 

 

 

 

 

 
References 

 



   References                                                                                                                

                                      
  

  74 

 Akbari, A., Lepage, N., Keely, E., Clark, H. D., Jaffey, J., 

MacKinnon, M., et al. (2004). Cystatin-C and beta trace protein as 

markers of renal function in pregnancy. BJOG: an International 

Journal of Obstetrics and Gynaecology, 112, 575-578.  

 Akhmerov, A. and Marbán, E. (2020).   COVID-19 and the 

heart. Circulation research, 126(10),1443-1455.                                                                                                                                                                                                             

 Al-Beladi, F. I. (2015). Cystatin C is an early marker of contrast-

induced nephropathy in patients with sepsis in the intensive care 

unit. Saudi Journal of Kidney Diseases and Transplantation, 26(4), 

718.  

 Alderson, H. V., Ritchie, J. P., Pagano, S., Middleton, R. J., Pruijm, 

M., Vuilleumier, N., et al. (2016). The associations of blood kidney 

injury Molecule-1 and neutrophil Gelatinase–associated Lipocalin 

with progression from CKD to ESRD. Clinical Journal of the 

American Society of Nephrology, 11(12), 2141-2149.  

 Ali, H., Daoud, A., Mohamed, M. M., Salim, S. A., Yessayan, L., 

Baharani, J., Soliman, K., et al. (2020). Survival rate in acute kidney 

injury superimposed COVID-19 patients: a systematic review and 

meta-analysis. Renal failure, 42(1), 393-397.  

 Al-Tu‘ma, F. J., Dheyauldeen, M. H., Almukhtar, M. A., Al Jawad, S. 

Y. and Al-Saegh, R. M. (2017). The role of serum cystatin C in the 

early detection of contrast-induced nephropathy after coronary 

intervention. J Kidney, 3(154), 2472-1220.  

 Al-Tu‘ma, F. J., Dheyauldeen, M. H., and Al-Saegh, R. M. (2017). 

Measurement of urinary kidney injury molecule-1 as a predictive 

biomarker of contrast-induced acute kidney injury. Journal of 

Contemporary Medical Sciences, 3(9), 178-181.  

 American Academy of Pediatrics. (2019). children and COVID-19 – 

state-level data report . 

 Arentz, M., Yim, E., Klaff, L., Lokhandwala, S., Riedo, F. X., Chong, 

M., et al. (2020). Characteristics and outcomes of 21 critically ill 

patients with COVID-19 in Washington State. Jama, 323(16), 1612-

1614.  

 Assiri, A., Al-Tawfiq, J. A., Al-Rabeeah, A. A., Al-Rabiah, F. A., Al-

Hajjar, S., Al-Barrak, A., et al. (2013). Epidemiological, 

demographic, and clinical characteristics of 47 cases of Middle East 



   References                                                                                                                

                                      
  

  75 

respiratory syndrome coronavirus disease from Saudi Arabia: a 

descriptive study. The Lancet infectious diseases, 13(9), 752-761.  

 Averill, M. M., Barnhart, S., Becker, L., Li, X., Heinecke, J. W., 

LeBoeuf, R. C., et al. (2011). S100A9 differentially modifies 

phenotypic states of neutrophils, macrophages, and dendritic cells: 

implications for atherosclerosis and adipose tissue 

inflammation. Circulation, 123(11), 1216-1226. 

 Barrett, A. J. (1986). The cystatins: a diverse superfamily of cysteine 

peptidase inhibitors. Biomedica biochimica acta, 45(11-12), 1363-

1374.  

 Berger, J. S., Kunichoff, D., Adhikari, S., Ahuja, T., Amoroso, N., 

Aphinyanaphongs, Y., et al. (2020). Prevalence and outcomes of D-

dimer elevation in hospitalized patients with COVID-

19. Arteriosclerosis, thrombosis, and vascular biology, 40(10), 2539-

2547.  

 Bjork, P., Björk, A., Vogl, T., Stenström, M., Liberg, D., Olsson, A., 

et al. (2009). Identification of human S100A9 as a novel target for 

treatment of autoimmune disease via binding to quinoline-3-

carboxamides. PLoS Biol, 7(4), e1000097.   

 Bonventre, J.V. and Yang, L. (2010). Kidney injury molecule-

1. Current opinion in critical care, 16(6), 556-561.    

 Brooks, C. R., Yeung, M. Y., Brooks, Y. S., Chen, H., Ichimura, T., 

Henderson, J. M., et al .(2015). KIM‐1‐/TIM‐1‐mediated phagocytosis 

links ATG 5‐/ULK 1‐dependent clearance of apoptotic cells to antigen 

presentation. The EMBO journal, 34(19), 2441-2464 

 Caricchio, R., Gallucci, M., Dass, C., Zhang, X., Gallucci, S., Fleece, 

D., et al .(2021). Preliminary predictive criteria for COVID-19 

cytokine storm. Annals of the rheumatic diseases, 80(1), 88-95 

 Carlos, W. G., Dela Cruz, C. S., Cao, B., Pasnick, S. and Jamil, S. 

(2020). Novel Wuhan (2019-nCoV) Coronavirus. Am J Respir Crit 

Care Med, 201(4) P7-P8.  

 Carter, L. J., Garner, L. V., Smoot, J. W., Li, Y., Zhou, Q., Saveson, 

C. J., et al. (2020). Assay techniques and test development for 

COVID-19 diagnosis 6 (5) 591–605.  

 Cha, M. H., Regueiro, M. and Sandhu, D. S. (2020). Gastrointestinal 

and hepatic manifestations of COVID-19: A comprehensive 

review. World journal of gastroenterology, 26(19), 2323.  



   References                                                                                                                

                                      
  

  76 

 Chai, X., Hu, L., Zhang, Y., Han, W., Lu, Z., Ke, A., et al. (2020). 

Specific ACE2 expression in cholangiocytes may cause liver damage 

after 2019-nCoV infection.  

 Chalmers, S., Khawaja, A., Wieruszewski, P. M., Gajic, O., & 

Odeyemi, Y. (2019). Diagnosis and treatment of acute pulmonary 

inflammation in critically ill patients: the role of inflammatory 

biomarkers. World journal of critical care medicine, 8(5), 59.  

 Chan, C. M., Tse, H., Wong, S. S. Y., Woo, P. C. Y., Lau, S. K. P., 

Chen, L., et al. (2009). Examination of seroprevalence of coronavirus 

HKU1 infection with S protein-based ELISA and neutralization assay 

against viral spike pseudotyped virus. Journal of clinical 

virology, 45(1), 54-60.  

 Chappell, M. C., Marshall, A. C., Alzayadneh, E. M., Shaltout, H. A. 

and Diz, D. I. (2014). Update on the angiotensin converting enzyme 2-

angiotensin (1–7)-Mas receptor axis: fetal programing, sex 

differences, and intracellular pathways. Frontiers in endocrinology, 4, 

201.   

 Chen, B., Miller, A. L., Rebelatto, M., Brewah, Y., Rowe, D. C., 

Clarke, L., et al. (2015). S100A9 induced inflammatory responses are 

mediated by distinct damage associated molecular patterns (DAMP) 

receptors in vitro and in vivo. PLoS One, 10(2), e0115828.  

 Chen, D., Li, X., Song, Q., Hu, C., Su, F., Dai, J., et al. (2020). 

Hypokalemia and Clinical Implications in Patients with Coronavirus 

Disease 2019 (COVID-19). 3(6), e2011122.   

 Chen, L., Long, X., Xu, Q., Tan, J., Wang, G., Cao, Y., et al. (2020). 

Elevated serum levels of S100A8/A9 and HMGB1 at hospital 

admission are correlated with inferior clinical outcomes in COVID-19 

patients. Cellular & molecular immunology, 17(9), 992-994.  

 Chen, N., Zhou, M., Dong, X., Qu, J., Gong, F., Han, Y., et al. (2020). 

Epidemiological and clinical characteristics of 99 cases of 2019 novel 

coronavirus pneumonia in Wuhan, China: a descriptive study. Lancet, 

507-513.  

 Chen, Q., Zheng, Z., Zhang, C., Zhang, X., Wu, H., Wang, J., et al . 

(2020).Clinical characteristics of 145 patients with corona virus 

disease 2019 (COVID-19) in Taizhou, Zhejiang, China. Infection, 

48(4), 543-551.  



   References                                                                                                                

                                      
  

  77 

 Chen, T., Wu, D. I., Chen, H., Yan, W., Yang, D., Chen, G., et al. 

(2020). Clinical characteristics of 113 deceased patients with 

coronavirus disease 2019: retrospective study. bmj, 368 (m1091), 1.   

 Chen, Y., Liu, Q. and Guo, D. (2020). Emerging coronaviruses: 

genome structure, replication, and pathogenesis. Journal of medical 

virology, 92(4), 418-423.  

 Cheng, Y., Luo, R., Wang, K., Zhang, M., Wang, Z., Dong, L., et al. 

(2020). Kidney impairment is associated with in-hospital death of 

COVID-19 patients. 97(5), 829-838. 

 Chiusolo, A., Defazio, R., Zanetti, E., Mongillo, M., Mori, N., 

Cristofori, P. et al. (2010). Kidney injury molecule-1 expression in rat 

proximal tubule after treatment with segment-specific 

nephrotoxicants: a tool for early screening of potential kidney 

toxicity. Toxicologic pathology, 38(3), 338-345.  

 Christensen, B., Favaloro, E. J., Lippi, G. and Van Cott, E. M. (2020).  

Hematology laboratory abnormalities in patients with coronavirus 

disease 2019 (COVID-19). In Seminars in Thrombosis and 

Hemostasis. Thieme Medical Publishers.  46(7), 845-849 

 Chu, D. K., Pan, Y., Cheng, S. M., Hui, K. P., Krishnan, P., Liu, Y., et 

al. (2020). Molecular diagnosis of a novel coronavirus (2019-nCoV) 

causing an outbreak of pneumonia. Clinical chemistry, 66(4), 549-

555.  

 Croda-Todd, M. T., Soto-Montano, X. J., Hernández-Cancino, P. A. 

and Juárez-Aguilar, E. (2007). Adult cystatin C reference intervals 

determined by nephelometric immunoassay. Clinical 

biochemistry, 40(13-14), 1084-1087.  

 Cui, J., Li, F. and Shi, Z. L. (2019). Origin and evolution of 

pathogenic coronaviruses. Nature Reviews Microbiology, 17(3), 181-

192.  

 Dharnidharka, V. R., Kwon, C. and Stevens, G. (2002). Serum 

cystatin C is superior to serum creatinine as a marker of kidney 

function: a meta-analysis. American journal of kidney diseases, 40(2), 

221-226.  

 Dharnidharka, V. R., Kwon, C. and Stevens, G. (2002). Serum 

cystatin C is superior to serum creatinine as a marker of kidney 

function: a meta-analysis. American journal of kidney diseases, 40(2), 

221-226.  



   References                                                                                                                

                                      
  

  78 

 Dieterle, F., Sistare, F., Goodsaid, F., Papaluca, M., Ozer, J. S., Webb, 

C. P., et al. (2010). Renal biomarker qualification submission: a 

dialog between the FDA-EMEA and Predictive. 

 Ding, Y., Wang, H., Shen, H., Li, Z., Geng, J., Han, H., et al. (2003). 

The clinical pathology of severe acute respiratory syndrome (SARS): 

a report from China. The Journal of Pathology: A Journal of the 

Pathological Society of Great Britain and Ireland, 200(3), 282-289.  

 Eickmann, M., Gravemann, U., Handke, W., Tolksdorf, F., 

Reichenberg, S., Müller, T. H., et al. (2020). Inactivation of three 

emerging viruses–severe acute respiratory syndrome coronavirus, 

Crimean–Congo haemorrhagic fever virus and Nipah virus–in platelet 

concentrates by ultraviolet C light and in plasma by methylene blue 

plus visible light. Vox sanguinis, 115(3), 146-151.   

 Fajgenbaum, D. C. and June, C. H. (2020). Cytokine storm. New 

England Journal of Medicine, 383(23), 2255-2273 

 Fan, C., Li, K., Ding, Y., Lu, W. L. and Wang, J. (2020). ACE2 

expression in kidney and testis may cause kidney and testis damage 

after 2019-nCoV infection. 13(7), 563-893.  

 Feng, G., Zheng, K. I., Yan, Q. Q., Rios, R. S., Targher, G., Byrne, C. 

D., et al. (2020). COVID-19 and liver dysfunction: current insights 

and emergent therapeutic strategies. Journal of clinical and 

translational hepatology, 8(1), 18.  

 Fernando, S. and Polkinghorne, K. R. (2020). Cystatin C: not just a 

marker of kidney function. Brazilian Journal of Nephrology, 42(1), 6-

7.  

 Filler, G., Bokenkamp, A., Hofmann, W., Le Bricon, T., Martinez-

Bru, C., et al. (2005). Cystatin C as a marker of GFR-history, 

indications, and future research. Clinical Biochemistry, 38(1), 1- 

 Gabarre, P., Dumas, G., Dupont, T., Darmon, M., Azoulay, E and 

Zafrani, L. (2020). Acute kidney injury in critically ill patients with 

COVID-19. Intensive care medicine, 46(7), 1339-1348.  

 Gardiner, L., Akintola, A., Chen, G., Catania, J. M., Vaidya, V., 

Burghardt, R. C., et al. (2012). Structural equation modeling 

highlights the potential of Kim-1 as a biomarker for chronic kidney 

disease. American journal of nephrology, 35(2), 152-163. 



   References                                                                                                                

                                      
  

  79 

 Gebhard, C., Regitz-Zagrosek, V., Neuhauser, H. K., Morgan, R. and 

Klein, S. L. (2020). Impact of sex and gender on COVID-19 outcomes 

in Europe. Biology of sex differences, 11, 1-13.  

 Giuffre, M., Di Bella, S., Sambataro, G., Zerbato, V., Cavallaro, M., 

Occhipinti, A. A., et al. (2020). COVID-19-induced thrombosis in 

patients without gastrointestinal symptoms and elevated fecal 

calprotectin: hypothesis regarding mechanism of intestinal damage 

associated with COVID-19. Tropical Medicine and Infectious 

Disease, 5(3), 147.  

 Gorbalenya, A. E., Baker, S. C., Baric, R., Groot, R. J. D., Drosten, 

C., Gulyaeva, A. A., et al. (2020). Severe acute respiratory syndrome-

related coronavirus: The species and its viruses–a statement of the 

Coronavirus Study Group. 5(4), 536-544 . 

 Gralinski, L. E. and Menachery, V. D. (2020). Return of the 

Coronavirus: 2019-nCoV. Viruses, 12(2), 135.  

 Grubb, A. O. (2000). Cystatin C--properties and use as diagnostic 

marker. Advances in clinical chemistry, 35, 63-99.  

 Grubb, A., Horio, M., Hansson, L. O., Björk, J., Nyman, U., Flodin, 

M., et al .(2014). Generation of a New Cystatin C–based estimating 

equation for glomerular filtration rate by use of 7 assays standardized 

to the international calibrator. Clinical chemistry, 60(7), 974-986.  

 Grundy, E. J., Suddek, T., Filippidis, F. T., Majeed, A., & Coronini-

Cronberg, S. (2020). Smoking, SARS-CoV-2 and COVID-19: A 

review of reviews considering implications for public health policy 

and practice. Tobacco induced diseases, 18, 58.  

 Guan, W. J., Ni, Z. Y., Hu, Y., Liang, W. H., Ou, C. Q., He, J. X., et 

al. (2020). Clinical characteristics of coronavirus disease 2019 in 

China. New England journal of medicine, 382(18), 1708-1720. 

 Guan, W. J., Ni, Z. Y., Hu, Y., Liang, W. H., Ou, C. Q., He, J. X., et 

al. (2020). Clinical characteristics of coronavirus disease 2019 in 

China. New England journal of medicine, 382(18), 1708-1720. 

 Guo, L., Ren, L., Yang, S., Xiao, M., Chang, D., Yang, F., et al. 

(2020). Profiling early humoral response to diagnose novel 

coronavirus disease (COVID-19). Clinical infectious diseases, 71(15), 

778-785.  



   References                                                                                                                

                                      
  

  80 

 Henry, B. M and Lippi, G. (2020). Chronic kidney disease is 

associated with severe coronavirus disease 2019 (COVID-19) 

infection. International urology and nephrology, 52(6), 1193-1194.  

 Henry, B. M., De Oliveira, M. H. S., Benoit, S., Plebani, M. and 

Lippi, G. (2020). Hematologic, biochemical and immune biomarker 

abnormalities associated with severe illness and mortality in 

coronavirus disease 2019 (COVID-19): a meta-analysis. Clinical 

Chemistry and Laboratory Medicine (CCLM), 58(7), 1021-1028.  

 Henry, R.J. (1974). Determination of serum creatinine. Clinical 

Chemistry principles and techniques. 2nd edition, Harper Row, p.525. 

 Hirsch, J. S., Ng, J. H., Ross, D. W., Sharma, P., Shah, H. H., Barnett, 

R. L., et al. (2020). Acute kidney injury in patients hospitalized with 

COVID-19. Kidney international, 98(1), 209-218.  

 Hosohata, K. (2017). Biomarkers for chronic kidney disease 

associated with high salt intake. International journal of molecular 

sciences, 18(10), 2080. 

 Hoste, E. A., Kellum, J. A., Selby, N. M., Zarbock, A., Palevsky, P. 

M., Bagshaw, S. M., et al. (2018). Global epidemiology and outcomes 

of acute kidney injury. Nature Reviews Nephrology, 14(10), 607-625.  

 Huang, C., Wang, Y., Li, X., Ren, L., Zhao, J., Hu, Y., et al. (2020). 

Clinical features of patients infected with 2019 novel coronavirus in 

Wuhan, China. The lancet, 395(10223), 497-506.  

 Huang, C., Wang, Y., Li, X., Ren, L., Zhao, J., Hu, Y., et al. (2020). 

Clinical features of patients infected with 2019 novel coronavirus in 

Wuhan, China. The lancet, 395(10223), 497-506.  

 Huang, P., Wang, H., Cao, Z., Jin, H., Chi, H., Zhao, J., et al. (2018). 

A rapid and specific assay for the detection of MERS-CoV. Frontiers 

in microbiology, 9, 1101.  

 Hui, D. S., Azhar, E. I., Madani, T. A., Ntoumi, F., Kock, R., Dar, O., 

et al. (2020). The continuing 2019-nCoV epidemic threat of novel 

coronaviruses to global health—The latest 2019 novel coronavirus 

outbreak in Wuhan, China. International journal of infectious 

diseases, 91, 264-266.  

 Ichikawa, M., Williams, R., Wang, L., Vogl, T. and Srikrishna, G. 

(2011). S100A8/A9 activate key genes and pathways in colon tumor 

progression. Molecular cancer research, 9(2), 133-148. 



   References                                                                                                                

                                      
  

  81 

 Ichimura, T., Asseldonk, E. J., Humphreys, B. D., Gunaratnam, L., 

Duffield, J. S., et al. (2008). Kidney injury molecule–1 is a 

phosphatidylserine receptor that confers a phagocytic phenotype on 

epithelial cells. The Journal of clinical investigation, 118(5), 1657-

1668.  

 Ichimura, T., Bonventre, J. V., Bailly, V., Wei, H., Hession, C. A., 

Cate, R. L., et al. (1998). Kidney injury molecule-1 (KIM-1), a 

putative epithelial cell adhesion molecule containing a novel 

immunoglobulin domain, is up-regulated in renal cells after 

injury. Journal of Biological Chemistry, 273(7), 4135-4142.  

 Ichimura, T., Mori, Y., Aschauer, P., Das, K. M. P., Padera, R. F., 

Weins, A., et al. (2020). KIM-1/TIM-1 is a Receptor for SARS-CoV-

2 in Lung and Kidney.  

 Ingelfinger, J. R. and Marsden, P. A. (2013). Estimated GFR and Risk 

of Death—Is Cystatin C Useful?. The New England journal of 

medicine, 369(10), 974.  

 Iyare, R. N., Volskiy, V. and Vandenbosch, G. A. (2019). Study of the 

correlation between outdoor and indoor electromagnetic exposure near 

cellular base stations in Leuven, Belgium. Environmental research, 

168, 428-438.     

 Jaimes, J. A., Millet, J. K., Stout, A. E., André, N. M. and Whittaker, 

G. R. (2020). A tale of two viruses: the distinct spike glycoproteins of 

feline coronaviruses. Viruses, 12(1), 83.  

 Ji, D., Zhang, D., Chen, Z., Xu, Z., Zhao, P., Zhang, M., et al. (2020). 

Clinical characteristics predicting progression of COVID-19 

 Jin, Y., Yang, H., Ji, W., Wu, W., Chen, S., Zhang, W., et al. (2020). 

Virology, epidemiology, pathogenesis, and control of COVID-

19. Viruses, 12(4), 372.  

 Joannidis, M., Forni, L. G., Klein, S. J., Honore, P. M., Kashani, K., 

Ostermann, M., et al. (2020). Lung–kidney interactions in critically ill 

patients: consensus report of the Acute Disease Quality Initiative 

(ADQI) 21 Workgroup. Intensive care medicine, 46(4), 654-672.  

 Justice, J. N., Ferrucci, L., Newman, A. B., Aroda, V. R., Bahnson, J. 

L., Divers, J., et al. (2018). A framework for selection of blood-based 

biomarkers for geroscience-guided clinical trials: report from the 

TAME Biomarkers Workgroup. Geroscience, 40(5), 419-436.  



   References                                                                                                                

                                      
  

  82 

 Kaplan, G., Totsuka, A., Thompson, P., Akatsuka, T., Moritsugu, Y. 

and Feinstone, S. M. (1996). Identification of a surface glycoprotein 

on African green monkey kidney cells as a receptor for hepatitis A 

virus. The EMBO journal, 15(16), 4282-4296.  

 Kerget, B., Kerget, F., Aksakal, A., Aşkın, S., Uçar, E. Y. and 

Sağlam, L. (2021). Evaluation of the relationship between KIM‐1 and 

suPAR levels and clinical severity in COVID‐19 patients: A different 

perspective on suPAR. Journal of medical virology.  5568-5573 

 Kerkhoff, C., Nacken, W., Benedyk, M., Dagher, M. C., Sopalla, C. 

and Doussiere, J. (2005). The arachidonic acid‐binding protein 

S100A8/A9 promotes NADPH oxidase activation by interaction with 

p67phox and Rac‐2. The FASEB journal, 19(3), 1-28.  

 Kernan, K. F. and Carcillo, J. A. (2017). Hyperferritinemia and 

inflammation. International immunology, 29(9), 401-409.  

 Kernan, K. F. and Carcillo, J. A. (2017). Hyperferritinemia and 

inflammation. International immunology, 29(9), 401-409.  

 Kirchdoerfer, R. N., Cottrell, C. A., Wang, N., Pallesen, J., Yassine, 

H. M., Turner, H. L., et al. (2016). Pre-fusion structure of a human 

coronavirus spike protein. Nature, 531(7592), 118-121.  

 Kondratowicz, A. S., Lennemann, N. J., Sinn, P. L., Davey, R. A., 

Hunt, C. L., Moller-Tank, S., et al. (2011). T-cell immunoglobulin 

and mucin domain 1 (TIM-1) is a receptor for Zaire Ebolavirus and 

Lake Victoria Marburgvirus. Proceedings of the National Academy of 

Sciences, 108(20), 8426-8431.  

 Korndorfer, I. P., Brueckner, F. and Skerra, A. (2007). The crystal 

structure of the human (S100A8/S100A9) 2 heterotetramer, 

calprotectin, illustrates how conformational changes of interacting α-

helices can determine specific association of two EF-hand 

proteins. Journal of molecular biology, 370(5), 887-898.  

 Kottgen, A., Selvin, E., Stevens, L. A., Levey, A. S., Van Lente, F. 

and Coresh, J. (2008). Serum cystatin C in the united states: The third 

national health and nutrition examination survey (NHANES 

III). American Journal of Kidney Diseases, 51(3), 385-394.  

 Lam, T. T. Y., Jia, N., Zhang, Y. W., Shum, M. H. H., Jiang, J. F., 

Zhu, H. C., et al. (2020). Identifying SARS-CoV-2-related 

coronaviruses in Malayan pangolins. Nature, 583(7815), 282-285.   



   References                                                                                                                

                                      
  

  83 

 Leclerc, E., Fritz, G., Vetter, S. W. and Heizmann, C. W. (2009). 

Binding of S100 proteins to RAGE: an update. Biochimica et 

Biophysica Acta (BBA)-Molecular Cell Research, 1793(6), 993-1007.  

 Lei, J., Li, J., Li, X. and Qi, X. (2020). CT imaging of the 2019 novel 

coronavirus (2019-nCoV) pneumonia. Radiology, 295(1), 18-18.  

 Lenarčič, B., Krašovec, M., Ritonja, A., Olafsson, I. and Turk, V. 

(1991). Inactivation of human cystatin C and kininogen by human 

cathepsin D. FEBS letters, 280(2), 211-215.  

 Liang, X. L., Liu, S. X., Chen, Y. H., Yan, L. J., Li, H., Xuan, H. J., et 

al. (2010). Combination of urinary kidney injury molecule-1 and 

interleukin-18 as early biomarker for the diagnosis and progressive 

assessment of acute kidney injury following cardiopulmonary bypass 

surgery: a prospective nested case–control study. Biomarkers, 15(4), 

332-339.  

 Liao, D., Zhou, F., Luo, L., Xu, M., Wang, H., Xia, J., et al. (2020). 

Haematological characteristics and risk factors in the classification 

and prognosis evaluation of COVID-19: a retrospective cohort 

study. The Lancet Haematology, 7(9), e671-e678.  

 Liao, Y.C., Liang, W.G., Chen., F.W., Hsu, J.H, Yang., J.J. and 

Chang, M.S. (2002). IL-19 induces production of IL-6 and TNF-α and 

results in cell apoptosis through TNF-α. The Journal of 

Immunology, 169(8), 4288-4297.  

 Lippi, G. and Plebani, M. (2020). Laboratory abnormalities in patients 

with COVID-2019 infection. Clinical Chemistry and Laboratory 

Medicine (CCLM), 58(7), 1131-1134.  

 Lippi, G. and Plebani, M. (2020). The critical role of laboratory 

medicine during coronavirus disease 2019 (COVID-19) and other 

viral outbreaks. Clinical Chemistry and Laboratory Medicine 

(CCLM), 58(7), 1063-1069.  

 Lippi, G., South, A. M. and Henry, B. M. (2020). Electrolyte 

imbalances in patients with severe coronavirus disease 2019 (COVID-

19). Annals of clinical biochemistry, 57(3), 262-265.  

 Liu, J. (2012). Evaluation of serum cystatin C for diagnosis of acute 

rejection after renal transplantation. In Transplantation 

proceedings (Vol. 44, No. 5, pp. 1250-1253). Elsevier.  

 Liu, W., Tao, Z. W., Wang, L., Yuan, M. L., Liu, K., Zhou, L., et al . 

(2020). Analysis of factors associated with disease outcomes in 



   References                                                                                                                

                                      
  

  84 

hospitalized patients with 2019 novel coronavirus disease. Chinese 

medical journal, 133(9), 1032.  

 Liu, X., Wang, R. S. and Qu, G. Q. (2020). Anatomy of a new 

coronavirus pneumonia death corpse system. J Forensic Med, 36(1), 

19-21.  

 Liu, Y., Du, X., Chen, J., Jin, Y., Peng, L., Wang, H. H., et al. (2020). 

Neutrophil-to-lymphocyte ratio as an independent risk factor for 

mortality in hospitalized patients with COVID-19. Journal of 

Infection, 81(1), e6-e12.  

 Liu, Z. H. (2013). Nephrology in china. Nature Reviews 

Nephrology, 9(9), 523-528.  

 Liu, Z., Xiao, X., Wei, X., Li, J., Yang, J., Tan, H., et al. (2020). 

Composition and divergence of coronavirus spike proteins and host 

ACE2 receptors predict potential intermediate hosts of SARS‐CoV‐

2. Journal of medical virology, 92(6), 595-601.  

 Loser, K., Vogl, T., Voskort, M., Lueken, A., Kupas, V., Nacken, W., 

et al. (2010). The Toll-like receptor 4 ligands Mrp8 and Mrp14 are 

crucial in the development of autoreactive CD8+ T cells. Nature 

medicine, 16(6), 713.  

 Lu, R., Zhao, X., Li, J., Niu, P., Yang, B., Wu, H., et al. (2020). 

Genomic characterisation and epidemiology of 2019 novel 

coronavirus: implications for virus origins and receptor binding. The 

lancet, 395(10224), 565-574.  

 Luther, T., Bülow‐Anderberg, S., Larsson, A., Rubertsson, S., 

Lipcsey, M., Frithiof, R., et al. (2020). COVID‐19 patients in 

intensive care develop predominantly oliguric acute kidney 

injury. Acta Anaesthesiologica Scandinavica, 65(3), 364-372.  

 MacIsaac, R. J., Premaratne, E. and Jerums, G. (2011). Estimating 

glomerular filtration rate in diabetes using serum cystatin C. The 

Clinical Biochemist Reviews, 32(2), 61.  

 Manetti, L., Pardini, E., Genovesi, M., Campomori, A., Grasso, L., 

Morselli, L. L., et al. (2005). Thyroid function differently affects 

serum cystatin Cand creatinine concentrations. Journal of 

endocrinological investigation, 28(6), 346-349 

 McCormick, A., Heesemann, L., Wagener, J., Marcos, V., Hartl, D., 

Loeffler, J., et al. (2010). NETs formed by human neutrophils inhibit 



   References                                                                                                                

                                      
  

  85 

growth of the pathogenic mold Aspergillus fumigatus. Microbes and 

infection, 12(12-13), 928-936 

 Meertens, L., Carnec, X., Lecoin, M. P., Ramdasi, R., Guivel-

Benhassine, F., Lew, E., et al. (2012). The TIM and TAM families of 

phosphatidylserine receptors mediate dengue virus entry. Cell host & 

microbe, 12(4), 544-557 

 Mishra, J., Ma, Q., Prada, A., Mitsnefes, M., Zahedi, K., Yang, J., et 

al. (2003). Identification of neutrophil gelatinase-associated lipocalin 

as a novel early urinary biomarker for ischemic renal injury. Journal 

of the American Society of Nephrology, 14(10), 2534-2543.  

 Mo, P., Xing, Y., Xiao, Y. U., Deng, L., Zhao, Q., Wang, H., et al. 

(2020). Clinical characteristics of refractory COVID-19 pneumonia in 

Wuhan, China. Clinical infectious diseases. 16, 270. 

 Mubarak, M. and Nasri, H. (2020). COVID-19 nephropathy; an 

emerging condition caused by novel coronavirus infection. Journal of 

Nephropathology, 9(3).  

 Naicker, S., Yang, C. W., Hwang, S. J., Liu, B. C., Chen, J. H. and 

Jha, V. (2020). The novel coronavirus 2019 epidemic and 

kidneys. Kidney International, 97(5), 824-828.  

 Naymagon, L., Zubizarreta, N., Feld, J., van Gerwen, M., Alsen, M., 

Thibaud, S et al. (2020). Admission D-dimer levels, D-dimer trends, 

and outcomes in COVID-19. Thrombosis research, 196, 99-105.  

 Ng, D. L., Al Hosani, F., Keating, M. K., Gerber, S. I., Jones, T. L., 

Metcalfe, M. G., et al. (2016). Clinicopathologic, 

immunohistochemical, and ultrastructural findings of a fatal case of 

Middle East respiratory syndrome coronavirus infection in the United 

Arab Emirates, April 2014. The American journal of 

pathology, 186(3), 652-658.  

 Odden, M. C., Scherzer, R., Bacchetti, P., Szczech, L. A., Sidney, S., 

Grunfeld, C., et al. (2007). Cystatin C level as a marker of kidney 

function in human immunodeficiency virus infection: the FRAM 

study. Archives of internal medicine, 167(20), 2213-2219.  

 Ognibene, A., Mannucci, E., Caldini, A., Terreni, A., Brogi, M., 

Bardini, G., et al. (2006). Cystatin C reference values and 

aging. Clinical biochemistry, 39(6), 658-661.  



   References                                                                                                                

                                      
  

  86 

 Ometto, F., Friso, L., Astorri, D., Botsios, C., Raffeiner, B., Punzi, L., 

et al. (2016). Calprotectin in rheumatic diseases. Experimental 

Biology and Medicine (Maywood, NJ), 242(8), 859-873.  

 Ornellas, F. M., Ornellas, D. S., Martini, S. V., Castiglione, R. C., 

Ventura, G. M., Rocco, P. R., et al. (2017). Bone Marrow–Derived 

Mononuclear Cell Therapy Accelerates Renal Ischemia-Reperfusion 

Injury Recovery by Modulating Inflammatory, Antioxidant and 

Apoptotic Related Molecules. Cellular Physiology and 

Biochemistry, 41(5), 1736-1752.  

 Pan, L., Mu, M., Yang, P., Sun, Y., Wang, R., Yan, J., et al. (2020). 

Clinical characteristics of COVID-19 patients with digestive 

symptoms in Hubei, China: a descriptive, cross-sectional, multicenter 

study. The American journal of gastroenterology, 115(5), 766-773 .  

 Pan, X. W., Xu, D., Zhang, H., Zhou, W., Wang, L. H. and Cui, X. G. 

(2020). Identification of a potential mechanism of acute kidney injury 

during the COVID-19 outbreak: a study based on single-cell 

transcriptome analysis. Intensive care medicine, 46(6), 1114-1116.  

 Parikh, C. R., Devarajan, P., Zappitelli, M., Sint, K., Thiessen-

Philbrook, H., Li, S., et al. (2011). Postoperative biomarkers predict 

acute kidney injury and poor outcomes after pediatric cardiac 

surgery. Journal of the American Society of Nephrology, 22(9), 1737-

1747.  

 Patel, A. and Jernigan, D. B. (2020). Initial public health response and 

interim clinical guidance for the 2019 novel coronavirus outbreak—

United States, December 31, 2019–February 4, 2020. Morbidity and 

mortality weekly report, 69(5), 140. 

 Pei, G., Zhang, Z., Peng, J., Liu, L., Zhang, C., Yu, C., et al. (2020). 

Renal involvement and early prognosis in patients with COVID-19 

pneumonia. Journal of the American Society of Nephrology, 31(6), 

1157-1165.  

 Perrone, R. D., Madias, N. E. and Levey, A. S. (1992). Serum 

creatinine as an index of renal function: new insights into old 

concepts. Clinical chemistry, 38(10), 1933-1953.  

 Phan, L. T., Nguyen, T. V., Luong, Q. C., Nguyen, T. V., Nguyen, H. 

T., Le, H. Q., Nguyen, T.T., et al. (2020). Importation and human-to-

human transmission of a novel coronavirus in Vietnam. New England 

Journal of Medicine, 382(9), 872-874.  

https://europepmc.org/search?query=AUTH:%22Thuc%20T%20Nguyen%22


   References                                                                                                                

                                      
  

  87 

 Pilaczynska-Cemel, M., Gołda, R., Dąbrowska, A. and Przybylski, G. 

(2019). Analysis of the level of selected parameters of inflammation, 

circulating immune complexes, and related indicators 

(neutrophil/lymphocyte, platelet/lymphocyte, CRP/CIC) in patients 

with obstructive diseases. Central-European journal of 

immunology, 44(3), 292.  

 Pruenster, M., Vogl, T., Roth, J. and Sperandio, M. (2016). 

S100A8/A9: from basic science to clinical application. Pharmacology 

and therapeutics, 167, 120-131.  

 Puelles, V. G., Lütgehetmann, M., Lindenmeyer, M. T., Sperhake, J. 

P., Wong, M. N., Allweiss, L., et al. (2020). Multiorgan and renal 

tropism of SARS-CoV-2. New England Journal of Medicine, 383(6), 

590-592. 

 Rabaan, A. A., Al-Ahmed, S. H., Haque, S., Sah, R., Tiwari, R., 

Malik, Y. S., et al. (2020). SARS-CoV-2, SARS-CoV, and MERS-

COV: a comparative overview. Infez Med, 28(2), 174-184.  

 Ren, L. L., Wang, Y. M., Wu, Z. Q., Xiang, Z. C., Guo, L., Xu, T., et 

al. (2020).  Identification of a novel coronavirus causing severe 

pneumonia in human: a descriptive study. Chinese medical 

journal, 133(9), 1015 

 Rennert, P. D. (2011). Novel roles for TIM-1 in immunity and 

infection. Immunology letters, 141(1), 28-35.  

 Rodriguez-Morales, A. J., Cardona-Ospina, J. A., Gutiérrez-Ocampo, 

E., Villamizar-Peña, R., Holguin-Rivera, Y., Escalera-Antezana, J. P., 

et al. (2020). Clinical, laboratory and imaging features of COVID-19: 

A systematic review and meta-analysis. Travel medicine and 

infectious disease, 34, 101623.  

 Roe, K. (2020). Explanation for COVID‐19 infection neurological 

damage and reactivations. Transboundary and emerging 

diseases, 67(4), 1414-1415.  

 Ronco, C. and Reis, T. (2020). Kidney involvement in COVID-19 and 

rationale for extracorporeal therapies. Nature Reviews 

Nephrology, 16(6), 308-310.  

 Roos, J. F., Doust, J., Tett, S. E. and Kirkpatrick, C. M. (2007). 

Diagnostic accuracy of cystatin C compared to serum creatinine for 

the estimation of renal dysfunction in adults and children—a meta-

analysis. Clinical biochemistry, 40(5-6), 383-391.  



   References                                                                                                                

                                      
  

  88 

 Roseth, A. G., Fagerhol, M. K., Aadland, E. and Schjønsby, H. 

(1992). Assessment of the neutrophil dominating protein calprotectin 

in feces: a methodologic study. Scandinavian journal of 

gastroenterology, 27(9), 793-798.  

 Rossaint, J. and Zarbock, A. (2016). Acute Kidney Injury: Definition, 

Diagnosis and Epidemiology. Minerva urologica e nefrologica The 

Italian journal of urology and nephrology, 68(1), 49-57.  

 Rothan, H.A. and Byrareddy, S. N. (2020). The epidemiology and 

pathogenesis of coronavirus disease (COVID-19) outbreak. Journal of 

autoimmunity, 109, 102433.  

 Royakkers, A. A., van Suijlen, J. D., Hofstra, L. S., Kuiper, M. A., 

Bouman, C. S., Spronk, P. E., et al. (2007). Serum cystatin CA useful 

endogenous marker of renal function in intensive care unit patients at 

risk for or with acute renal failure?. Current medicinal 

chemistry, 14(21), 2314-2317.  

 Selby, N. M., Forni, L. G., Laing, C. M., Horne, K. L., Evans, R. D., 

Lucas, B. J., et al.(2020). Covid-19 and acute kidney injury in 

hospital: summary of NICE guidelines. BMJ, 369.  

 Serfozo, P., Wysocki, J., Gulua, G., Schulze, A., Ye, M., Liu, P., et al. 

(2020). Ang II (angiotensin II) conversion to angiotensin-(1-7) in the 

circulation is POP (prolyloligopeptidase)-dependent and ACE2 

(angiotensin-converting enzyme 2)-independent. Hypertension, 75(1), 

173-182. 

 Shabani, F., Farasat, A., Mahdavi, M. and Gheibi, N. (2018). 

Calprotectin (S100A8/S100A9): a key protein between inflammation 

and cancer. Inflammation Research, 67(10), 801-812.  

 Shi, H., Zuo, Y., Yalavarthi, S., Gockman, K., Zuo, M., Madison, J. 

A., et al. (2020). Neutrophil calprotectin identifies severe pulmonary 

disease in COVID-19. Journal of Leukocyte Biology, 109(1), 67-72 

 Shlipak, M. G., Katz, R., Sarnak, M. J., Fried, L. F., Newman, A. B., 

Stehman-Breen, C., et al. (2006). Cystatin C and prognosis for 

cardiovascular and kidney outcomes in elderly persons without 

chronic kidney disease. Annals of internal medicine, 145(4), 237-246.  

 Siddiqi, H. K. and Mehra, M. R. (2020). COVID-19 illness in native 

and immunosuppressed states: a clinical–therapeutic staging 

proposal. The Journal of Heart and Lung Transplantation, 39(5), 405.  



   References                                                                                                                

                                      
  

  89 

 Silvin, A., Chapuis, N., Dunsmore, G., Goubet, A. G., Dubuisson, A., 

Derosa, L., et al. (2020). Elevated calprotectin and abnormal myeloid 

cell subsets discriminate severe from mild COVID-19. Cell, 182(6), 

1401-1418.  

 Sjostrom, P., Tidman, M. and Jones, I. (2005). Determination of the 

production rate and non‐renal clearance of cystatin C and estimation 

of the glomerular filtration rate from the serum concentration of 

cystatin C in humans. Scandinavian journal of clinical and laboratory 

investigation, 65(2), 111-124.  

 Song, J.; Yu, J.; Prayogo, G.W.; Cao,W.;Wu, Y.; Jia, Z.; Zhang, A., 

et.al.(2019). Understanding kidney injury molecule 1: A novel 

immune factor in kidney pathophysiology. Am. J. Transl. Res.11, 

1219–1229.  

 South, A. M., Diz, D. I. and Chappell, M. C. (2020). COVID-19, 

ACE2, and the cardiovascular consequences. American Journal of 

Physiology-Heart and Circulatory Physiology, 318(5), H1084-H1090 

 Su, H., Yang, M., Wan, C., Yi, L. X., Tang, F., Zhu, H. Y., et al. 

(2020). Renal histopathological analysis of 26 postmortem findings of 

patients with COVID-19 in China. Kidney international, 98(1), 219-

227.  

 Sun, I. O., Shin, S. H., Cho, A. Y., Yoon, H. J., Chang, M. Y. and 

Lee, K. Y. (2017). Clinical significance of NGAL and KIM-1 for 

acute kidney 

 Sun, Y., Lu, Y., Engeland, C. G., Gordon, S. C. and Sroussi, H. Y. 

(2013). The anti-oxidative, anti-inflammatory, and protective effect of 

S100A8 in endotoxemic mice. Molecular immunology, 53(4), 443-

449.  

 Sunahori, K., Yamamura, M., Yamana, J., Takasugi, K., Kawashima, 

M., Yamamoto, H., et al. (2006). The S100A8/A9 heterodimer 

amplifies proinflammatory cytokine production by macrophages via 

activation of nuclear factor kappa B and p38 mitogen-activated 

protein kinase in rheumatoid arthritis. Arthritis research & 

therapy, 8(3), 1-12.  

 Szeto, C. C., Kwan, B. C. H., Lai, K. B., Lai, F. M. M., Chow, K. M., 

Wang, G., et al. (2010). Urinary expression of kidney injury markers 

in renal transplant recipients. Clinical Journal of the American Society 

of Nephrology, 5(12), 2329-2337.  



   References                                                                                                                

                                      
  

  90 

 Tan, C., Huang, Y., Shi, F., Tan, K., Ma, Q., Chen, Y., et al. (2020). 

C‐reactive protein correlates with computed tomographic findings and 

predicts severe COVID‐19 early. Journal of medical virology, 92(7), 

856-862.  

 Telo, S., Kuluöztürk, M., Deveci, F., Kırkıl, G., Öner, Ö. and Kaman, 

D. (2018). Serum cystatin C levels in COPD: potential diagnostic 

value and relation between respiratory functions. Journal of medical 

biochemistry, 37(4), 434-440.                                                                       

 Trof, R. J., Di Maggio, F., Leemreis, J. and Groeneveld, A. J. (2006). 

Biomarkers of acute renal injury and renal failure. Shock, 26(3), 245 -

253.  

 Tsigou, E., Psallida, V., Demponeras, C., Boutzouka, E. and 

Baltopoulos, G. (2013). Role of new biomarkers: functional and 

structural damage. Critical care research and practice, 2013 

 Turk, V., Stoka, V. and Turk, D. (2008). Cystatins: biochemical and 

structural properties, and medical relevance. Front Biosci, 13(5), 

5780-5786. 

 Van Der Hoek, L., Pyrc, K., Jebbink, M. F., Vermeulen-Oost, W., 

Berkhout, R. J., Wolthers, K. C., et al . (2004). Identification of a new 

human coronavirus. Nature medicine, 10(4), 368-373.  

 van Timmeren, M. M., Bakker, S. J., Vaidya, V. S., Bailly, V., 

Schuurs, T. A., Damman, J., et al. (2006). Tubular kidney injury 

molecule-1 in protein-overload nephropathy. The Journal of 

pathology, 291(2), F456-F464.  

 van Timmeren, M. M., van den Heuvel, M. C., Bailly, V., Bakker, S. 

J., van Goor, H. and Stegeman, C. A. (2007). Tubular kidney injury 

molecule‐1 (KIM‐1) in human renal disease. The Journal of 

pathology, 212(2), 209-217.  

 Viemann, D., Barczyk, K., Vogl, T., Fischer, U., Sunderkötter, C., 

Schulze-Osthoff, K. et al. (2007). MRP8/MRP14 impairs endothelial 

integrity and induces a caspase-dependent and-independent cell death 

program. Blood, 109(6), 2453-2460. 

 Visnagri, A., Kandhare, A. D. and Bodhankar, S. L. (2015). 

Renoprotective effect of berberine via intonation on apoptosis and 

mitochondrial-dependent pathway in renal ischemia reperfusion-

induced mutilation. Renal failure, 37(3), 482-493.  



   References                                                                                                                

                                      
  

  91 

 Vogl, T., Ludwig, S., Goebeler, M., Strey, A., Thorey, I. S., Reichelt, 

R., et al. (2004). MRP8 and MRP14 control microtubule 

reorganization during transendothelial migration of 

phagocytes. blood, 104(13), 4260-4268.   

 Vogl, T., Tenbrock, K., Ludwig, S., Leukert, N., Ehrhardt, C., Van 

Zoelen, M. A., et al. (2007). Mrp8 and Mrp14 are endogenous 

activators of Toll-like receptor 4, promoting lethal, endotoxin-induced 

shock. Nature medicine, 13(9), 1042-1049.  

 Wan, Y., Shang, J., Graham, R., Baric, R. S. and Li, F. (2020). 

Receptor recognition by the novel coronavirus from Wuhan: an 

analysis based on decade-long structural studies of SARS coronavirus. 

Journal of virology, 94(7), e00127-20.  

 Wang, D., Hu, B., Hu, C., Zhu, F., Liu, X., Zhang, J., et al. (2020). 

Clinical characteristics of 138 hospitalized patients with 2019 novel 

coronavirus–infected pneumonia in Wuhan, China. Jama, 323(11), 

1061-1069.  

 Wang, Q., Wang, Y. H. and Ma, J. C. (2020) . Description of the first 

strain of 2019-nCoV, C-Tan-nCoV Wuhan Strain—National Pathogen 

Resource Center, China, 2020.China CDC Weekly, 2(6), 81-82. 

 Wang, S., Song, R., Wang, Z., Jing, Z., Wang, S. and Ma, J. (2018). 

S100A8/A9 in Inflammation. Frontiers in immunology, 9, 1298.  

 Wang, W., Tang, J. and Wei, F. (2020). Updated understanding of the 

outbreak of 2019 novel coronavirus (2019‐nCoV) in Wuhan, 

China. Journal of medical virology, 92(4), 441-447.  

 Wheeler, D. S., Devarajan, P., Ma, Q., Harmon, K., Monaco, M., 

Cvijanovich, N. and Wong, H. R. (2008). Serum neutrophil 

gelatinase-associated lipocalin (NGAL) as a marker of acute kidney 

injury in critically ill children with septic shock. Critical care 

medicine, 36(4), 1297.  

 Wolfel, R., Corman, V. M., Guggemos, W., Seilmaier, M., Zange, S., 

Müller, M. A., et al. (2020). Virological assessment of hospitalized 

patients with COVID-2019. Nature, 581(7809), 465-469.  

 World Health Organization. (2020) Middle East respiratory syndrome 

coronavirus (MERS‐CoV)[published online ahead of print January 21, 

2020].  



   References                                                                                                                

                                      
  

  92 

 World Health Organization. (2020). Diagnostic testing for SARS-

CoV-2: interim guidance, 11 September 2020 (No. WHO/2019-nCoV/ 

laboratory/2020.6). World Health Organization.  

 World Health Orginazation (WHO). (2021). Weekly operational 

update on COVID-19-13 February 2021 [Internet]. Geneva: WHO.  

 Wu, C., Chen, X., Cai, Y., Zhou, X., Xu, S., Huang, H., et al. (2020). 

Risk factors associated with acute respiratory distress syndrome and 

death in patients with coronavirus disease 2019 pneumonia in Wuhan, 

China. JAMA internal medicine, 180(7), 934-943.   

 Wu, J. T., Leung, K., Bushman, M., Kishore, N., Niehus, R., de 

Salazar, P. M., et al. (2020). Estimating clinical severity of COVID-

19 from the transmission dynamics in Wuhan, China. Nature 

medicine, 26(4), 506-510.   

 Wu, M., Chen, W., Yu, X., Ding, D., Zhang, W., Hua, H., et al. 

(2018). Celastrol aggravates LPS-induced inflammation and injuries 

of liver and kidney in mice. American journal of translational 

research, 10(7), 2078.  

 Wu, P., Hao, X., Lau, E. H., Wong, J. Y., Leung, K. S., Wu, J. T., et 

al. (2020). Real-time tentative assessment of the epidemiological 

characteristics of novel coronavirus infections in Wuhan, China, as at 

22 January 2020. Eurosurveillance, 25(3), 2000044.  

 Xiao, F., Tang, M., Zheng, X., Li, C., He, J., Hong, Z., et al. (2020). 

Evidence for gastrointestinal infection of SARS-CoV-

2. Gastroenterology, 158(6), 1831-1833. 

 Xu, H., Zhong, L., Deng, J., Peng, J., Dan, H., Zeng, X., et al. (2020). 

High expression of ACE2 receptor of 2019-nCoV on the epithelial 

cells of oral mucosa. International journal of oral science, 12(1), 1-5.  

 Xu, P., Zhou, Q. and Xu, J. (2020). Mechanism of thrombocytopenia 

in COVID-19 patients. Annals of hematology, 99(6), 1205-1208.  

 Xu, X., Chen, P., Wang, J., Feng, J., Zhou, H., Li, X., et al. (2020). 

Evolution of the novel coronavirus from the ongoing Wuhan outbreak 

and modeling of its spike protein for risk of human 

transmission. Science China Life Sciences, 63(3), 457-460.  

 Xu, Z., Shi, L., Wang, Y., Zhang, J., Huang, L., Zhang, C., et al. 

(2020). Pathological findings of COVID-19 associated with acute 

respiratory distress syndrome. The Lancet respiratory medicine, 8(4), 

420-422.  



   References                                                                                                                

                                      
  

  93 

 Yan, C., Cui, J., Huang, L., Du, B., Chen, L., Xue, G., et al. (2020). 

Rapid and visual detection of 2019 novel coronavirus (SARS-CoV-2) 

by a reverse transcription loop-mediated isothermal amplification 

assay. Clinical Microbiology and Infection, 26(6), 773-779.  

 Yang, W., Cao, Q., Qin, L. E., Wang, X., Cheng, Z., Pan, A., et al. 

(2020). Clinical characteristics and imaging manifestations of the 

2019 novel coronavirus disease (COVID-19): a multi-center study in 

Wenzhou city, Zhejiang, China. Journal of Infection, 80(4), 388-393.  

 Yang, X., Jin, Y., Li, R., Zhang, Z., Sun, R. and Chen, D. (2020). 

Prevalence and impact of acute renal impairment on COVID-19: a 

systematic review and meta-analysis. Critical Care, 24(1), 1-8. 

 Yong, Z., Pei, X., Zhu, B., Yuan, H. and Zhao, W. (2017). Predictive 

value of serum cystatin C for acute kidney injury in adults: a meta-

analysis of prospective cohort trials. Scientific reports, 7(1), 1-11.  

 Zhang, B., Zhou, X., Qiu, Y., Song, Y., Feng, F., Feng, J., et al. 

(2020). Clinical characteristics of 82 cases of death from COVID-

19. PloS one, 15(7), e0235458 

 Zhang, J., Han, J., Liu, J., Liang, B., Wang, X. and Wang, C. (2017). 

Clinical significance of novel biomarker NGAL in early diagnosis of 

acute renal injury. Experimental and therapeutic medicine, 14(5), 

5017-5021.  

 Zhang, L., Shen, F. M., Chen, F. and Lin, Z. (2020). Origin and 

evolution of the 2019 novel coronavirus. Clinical Infectious 

Diseases, 71(15), 882-883.  

 Zhang, P. L., Mashni, J. W., Sabbisetti, V. S., Schworer, C. M., 

Wilson, G. D., Wolforth, S. C., et al. (2014). Urine kidney injury 

molecule-1: a potential non-invasive biomarker for patients with renal 

cell carcinoma. International urology and nephrology, 46(2), 379-388.  

 Zhang, W., Du, R. H., Li, B., Zheng, X. S., Yang, X. L., Hu, B., et al. 

(2020). Molecular and serological investigation of 2019-nCoV 

infected patients: implication of multiple shedding routes. Emerging 

microbes & infections, 9(1), 386-389.  

 Zhang, Z., Humphreys, B. D. and Bonventre, J. V. (2007). Shedding 

of the urinary biomarker kidney injury molecule-1 (KIM-1) is 

regulated by MAP kinases and juxtamembrane region. Journal of the 

American Society of Nephrology, 18(10), 2704-2714 



   References                                                                                                                

                                      
  

  94 

 Zhang, Z., Lu, B., Sheng, X. and Jin, N. (2011). Cystatin C in 

prediction of acute kidney injury: a systemic review and meta-

analysis. American Journal of Kidney Diseases, 58(3), 356-365.  

 Zhao, Y., Zhao, Z., Wang, Y., Zhou, Y., Ma, Y. and Zuo, W. (2020). 

Single-cell RNA expression profiling of ACE2, the putative receptor 

of Wuhan 2019-nCov. BioRxiv. 1;202(5), 756-759. 

 Zhou, P., Yang, X. L., Wang, X. G., Hu, B., Zhang, L., Zhang, W., et 

al . (2020).A pneumonia outbreak associated with a new coronavirus 

of probable bat origin. nature, 579(7798), 270-273.  

 Zhu, N., Zhang, D., Wang, W., Li, X., Yang, B., Song, J., et al. 

(2020). A novel coronavirus from patients with pneumonia in China, 

2019. N Engl J Med, 382, 727-733. 

 Zhu, N., Zhang, D., Wang, W., Li, X., Yang, B., Song, J., et al. 

(2020). A novel coronavirus from patients with pneumonia in China, 

2019. N Engl J Med, 382, 727-733. 

 Zi, M. and Xu, Y. (2018). Involvement of cystatin C in immunity and 

apoptosis. Immunology letters, 196, 80-90.  

 Zou, X., Chen, K., Zou, J., Han, P., Hao, J. and Han, Z. (2020). 

Single-cell RNA-seq data analysis on the receptor ACE2 expression 

reveals the potential risk of different human organs vulnerable to 

2019-nCoV infection. Frontiers of medicine, 14(2), 185-192 



 

 

Appendix:  

 

 



 

 

 الخلصت

ٔخًٛخ ،  ٔ يزلاصيخ رُفسٛخ حبدح انزبجٙ انًسزجذ   ٚسجت يشض فٛشٔط كٕسَٔب   النبذة  

انجهذاٌ ٔأصجح ثًثبثخ جبئحخ ػبنًٙ.  رحذس انٕفبح َزٛجخ انؼذٚذ يٍ ٔاَزشش انفٛشٔط انزبجٙ إنٗ 

انشذٚذ ثسجت صٚبدح َقص الأكسجخ فٙ انذو ٔيزلاصيخ انعبئقخ انزُفسٛخ  ًشض فبٚشٔط كٕسَٔبن

 انحبدح ٔفشم الأػعبء انًزؼذدح.  

 ٪ يٍ انًشظٗ ٔرهف انكهٗ انحبد انًزطٕس 9-3ػهٗ انكهٗ فٙ يب ٚقشة يٍ  رؤثش انجبئحخ

(AKI) فٙ انذو دٔسًا أكجش فٙ رقذٚش  سٙ ٚهؼت قٛبط يسزٕٚبد انسٛسزبرٍٛ .ْٕٔ أػهٗ ثكثٛش

انًشرجػ ثبنكبنسٕٛو ْٕٔ  S100 انكبنجشٔركزٍٛ ْٕ ػعٕ فٙ ػبئهخ ثشٔرٍٛ  .ٔظبئف انكهٗ

ثشٔرٍٛ يغبٚش ، يٕجٕد فٙ سٛزٕثلاصو انخلاٚب الأحبدٚخ ، ٚهؼت أدٔاسًا يًٓخ فٙ الاسزجبثخ 

ا حٕٛٚبً يجكشًا فٙ يشض فبٚشٔط كٕسَٔب يؤششً الانزٓبثٛخ فٙ جسى الإَسبٌ.  اسزخذو كبنجشٔركزٍٛ 

جض٘ء  ايب انجكزٛشٚب انًصبحجخ نهؼذٖٔ ٔانًشظٗ انًؼشظٍٛ نخطش الإصبثبد خطٛشح. ٔ يغ

 .ْٕ ثشٔرٍٛ سكش٘ ٚزى رُظًّٛ فٙ انُجٛجبد انقشٚجخ ثؼذ إصبثخ انكهٗ كهٗانجبسحخ نه

 كبنجشٔركزٍٛ يسزٕٚبد قٛبط غشٚق ػٍ 99- كٕفٛذ حبلاد فٙ انشذح رقٛٛى إنٗ انذساسخ ْزِ رٓذف

 .انحٕٛٚخ انًؤششاد يٍ ٔغٛشِ 9- انكهٗ إصبثخ ثجض٘ء ٔاسرجبغًٓب سٙ ٔسٛسزبرٍٛ

 Cross-sectional study ًسزؼشظخانانذساسخ كبٌ يٍ انذساسبد َٕع   :طزق العول و الوىاد

 56يشٚعب يُٓى ) 45حبنخ شذٚذح ٔ 99 99-ػُٛخ يٍ يشظٗ كٕفٛذ  99ْزِ انذساسخ ػهٗ شًهذ 

( سُخ فٙ سدْخ انحٛبح فٙ يذُٚخ الإيبو 88-22ثٍٛ ) اػًبسْى  أَثٗ( يشٚط رشأحذ 35ركش ، 

قسًذ انحبلاد إنٗ ثلاس يجبيٛغ إػزًبدًا ػهٗ شذح الإصبثخ ) يؼزذنخ  . كشثلاء انحسٍٛ انطجٛخ فٙ

 ٔ حبدح(.

سٛسزبرٍٛ سٙ ٔ انجضٚئخ انجبسحخ نهكهٗ  ,نهكبنجشٔركزٍٛ نقذ قٛسذ يسزٕٚبد انًؤششاد انحٕٛٚخ

ايب يسزٕٚبد ػذد كشٚبد  ELISAيزصبصٛخ انًُبػٛخ نلإَضٚى انًشرجػ رقُٛخ انًقبٚسخ الإثٕسبغخ 

 .(XP-300™ Automated hematology analyzer Sysmexانذو انكبيهخ فٙ جٓبص )

 يشظٗ يٍ يزٕسطخ حبنخ 45 انشذٚذح حبنخ 46 شًهذ ٔانزٙ انًؼشٔظخ نهُزبئج ٔفقبً: النتائج

 انحبلاد فٙ سٙ ٔسٛسزبرٍٛ 9- انكهٗ إصبثخ جض٘ء ثٍٛ إٚجبثٙ اسرجبغ ُْبك ، 99- كٕفٛذ

 فٙ (p <0.01) كبنجشٔركزٍٛ ٔيغ (p<0.05) انًزٕسطخ انحبلادفٙ  p (p<0.01)) انشذٚذح



 

 

 انحبلاد فٙ انكشٚبرٍٛ يصم ٔ سٙ انسٛسزبرٍٛ ثٍٛ اٚجبثٙ اسرجبغ ُْبك كبٌ.  انشذٚذح انًجًٕػخ

                                                                                                                  (p<0.05)ٚذحانشذ

 جض٘ء ثٍٛ يٕججخ اسرجبغ ػلاقخ ُْبك أٌ ػهٛٓب انحصٕل رى انزٙ انُزبئج أٔظحذ: الخلصت 

 ٔ سٙ انسٛزبرٍٛ ثٍٛ إٚجبثٙ ٔاسرجبغ.  ٔكبنجشٔركزٍٛ سٙ سٛسزبرٍٛ ٔجض٘ء 9- انكهٗ إصبثخ

ٔلا رٕجذ نٓى ػلاقخ ثشذح انًشض ػُذ يقبسَزٓى يغ حبلاد انًشض انشذٚذح .انكشٚبرٍُٛٛ يصم

 .ٔانًزٕسطخ
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