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Introduction
Coronavirus is one of the major viruses which primarily 
affecting the respiratory system in human.1 However, coro-
naviruses have been also diagnosed in animals and can 
cause a range of severe diseases such as gastroenteritis and 
pneumonia.2 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.3 Moreover, circulating mediators could interact 
with kidney-resident cells resulting in endothelial dysfunc-
tion, microcirculatory derangement, and tubular injury.4

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 
27E10.5 It is expressed as an anti-bacterial agent, mainly but 
not exclusively by neutrophils, when activated.6 Previous 
studies have reported significantly elevated levels of calpro-
tectin in patients with severe Covid-19 and the possible ability 
of calprotectin to discriminate between mild and severe form 
of the disease.6

There are three distinct types of cystatins that share 
sequence and structure homology but differ in size, site of 
action, and disulfide bond topology.7 Renal tubular epithelial 
cells do not secrete sCys C into the lumen, therefore its 
serum concentration is mainly determined by glomerular 
filtration rate which is an important indicator of glomerular 
filtration.8 Furthermore, cystatin C was suggested as an inde-
pendent predictive factor of high mortality among the 
elderly population.9 Several studies reported kidneys altera-
tions, as reflected by increased serum creatinine, in Covid-19 
patients. SARS-CoV-2 could directly infect kidney tubular 
cells, which express the ACE-2 receptor on their cellular 
surface.5

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.10 KIM-1 also functions as a scav-
enger receptor, mediating the uptake of modified low-density 
lipoprotein and necrotic-cell debris.11 The ability of the virus 
to bind the ubiquitous angiotensin-converting enzyme 
(ACE)-2 receptors allows SARS-CoV-2 to target organs other 
than the lungs, such as the heart, central nervous system, gas-
trointestinal tract, etc.12
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Materials and Methods
This cross-sectional study included 91 samples (56 male, 35 
female) infected with Covid-19 divided into two group 
according to their clinical and biochemical investigations, 46 
patients of them were infected with severe Covid-19 and the 
other 45 patients with moderate Covid-19 with match age 
ranged between (22–88) years. The patients were admitted 
Al-hayat unit, Al-Hussein Teaching Hospital, Al-Hussein 
Medical City, Kerbala Health Directorate/Kerbala - Iraq 
during Oct., 2020 to July, 2021). The study proposal was 
approved by local medical ethics and all participants, informa-
tion consent before the onset of study. The study excluded 
patients with any chronic or immune diseases like diabetes 
mellitus, infection and inflammation, and receiving long term 
oral corticosteroid, anti-IL-6 or anti-TNF therapy and patients 
had history of vasculitis connective tissue disease. The patients 
were registered and handed over a file for recording their data 
such as name, age, gender, weight, height, smoking states, cur-
rent chronic diseases (diabetes mellitus, hypertension). Serum 
calprotectin, cystatin C, kidney injury molecule-1, C-reactive 
protein, ferritin, creatnine, urea concentration was investi-
gated by ELISA (for Cys. C and CLP), chemical and spectro-
photometric procedure Maglumi technique and (S. Cr, blood 
urea and CRP) and by chemiluminescence technique (CLIA). 

Results
The clinical demographic characteristics and laboratory 
parameters of both patients’ groups of Covid-19 were summa-
rized in Table 1. 

Table 1 illustrates the mean ± SD of participants age which 
were within the age group of (22–88) years and they are higher 
in severe Covid-19 as compared with moderate. Gender distri-
bution among the studied groups was: 62% male, 38% female 
for patients’ group. The diabetes mellitus, hypertension and 
oxygen saturation were higher in severe Covid-19 than that 
found in moderate. The patient’s group was divided into (mod-
erate and severe) based on severity of disease based on WHO 
guideline. The data was collected through self-reported tech-
nique (student questionnaire).

This study showed significant positive correlation between 
KIM-1 and Cys C in moderate group infected with Covid-19 
(r = 0.44, P = 0.002) and also in severe group (r = 0.54, P = 
0.000). Also, positive correlation between KIM-1 and creati-
nine (r = 0.46, P = 0.001) and blood urea (r = 0.32, P = 0.03) in 
severe Covid-19 group were obtained. These findings are 
shown in Figures 1–5. 

Table 1. Demographic characteristics of Covid-19 patients in severe and moderate 
groups

Characteristics
Patient group

Moderate Severe

Demographics Age 56.82 ± 12.574 63.04 ± 11.143

Gender (Male/Female) (28/17) (29/17)

Medical history Smoking (Yes/No) (6/39) (8/38)

DM (Yes/No) (17/28) (22/24)

HT (Yes/No) (19/26) (26/20)

Sat. O2 91.87 ± 3.181 70.87 ± 10.340

Figures 6 and 7 showed no correlation between KIM-1 
and CLP in moderate group of Covid-19 patients (r = 0.27, P = 
0.06) and severe group of Covid-19 patients (r = 0.02, P = 0.8).

Table 2 showed the biochemical changes in the concentra-
tions of different biomarkers in both severe and moderate 
groups. There were significant increments in levels of ferritin 
and LDH activity (0.02) respectively. There was a non-signifi-
cant level in CLP, Cys. C, KIM-1 and other biomarkers as com-
pared between moderate Covid-19 and severe Covid-19.

Fig. 1 Correlation between Kidney Injury Molecule-1 and Calpro-
tectin in moderate group of Covid-19 patients.

Fig. 2 Correlation between Kidney Injury Molecule-1 and Calpro-
tectin in severe group of Covid-19 patients.
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 Fig. 3 Correlation between Kidney Injury Molecule-1 and Creati-
nine in  severe group of Covid-19 patients.

Fig. 4 Correlation between Kidney Injury Molecule-1 and Blood 
Urea in  severe group of Covid-19 patients.

Fig. 5 Correlation between Cystatin C and Creatinine in severe 
group of Covid-19 patients.

Fig. 6 Correlation between Kidney Injury Molecule-1 and Calpro-
tectin in moderate group of Covid-19 patients.

Fig. 7 Correlation between Kidney Injury Molecule-1 and Calpro-
tectin in severe group of Covid-19 patients.

Discussion
Various biomarker and genetic polymorphism studies on sera 
of Covid-19 have been performed in Iraqi pandemic.13,14 Most 
data on Covid-19 are from China, and although most con-
firmed cases have been classified into mild or moderate, 14% 
are severe and 5% critical.15 Another report showed that the 
most frequent comorbidities in patients with Covid-19 who 
developed the acute respiratory distress syndrome were hyper-
tension (27%), diabetes (19%), and cardiovascular disease 
(6%).16 In this study found male more than female that is 
infected with Covid-19 agreed with Zhao et al. found cell 
type-specific expression of the ACE2 receptor in type II alve-
olar epithelial cells is higher in males than in females.17 In Italy, 
the reported death rate in men (16.6%) is significantly higher 
than that in women 9.1%.18 With regard to coronaviruses, in 
particular, smoking is associated with increased susceptibility 
and mortality in MERS‐CoV infection, potentially due to 
upregulation of dipeptidyl peptidase‐IV, the host receptor for 
MERS‐CoV, in smokers.19 In addition, a meta-analysis per-
formed failed to find a relationship between active smoking 
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Table 2. Change in biochemical parameters between severe and moderate Covid-19 groups

P-value Severe Covid-19 Cases 
Mean ± SD

Moderate Covid-19 Cases 
Mean ± SDVariables with normal range 

0.2763.65 ± 59.8985.58 ± 122.14CRP, (0–6 mg/l)

0.02894.99 ± 712.82598.63 ± 502.53Ferritin, (20–350 ng/ml)

0.02409.31 ± 217.30LDH, (240–480 U/l)

0.31.11 ± 0.692.67 ± 10.28S. Creatinine, (0.7–1.2 mg/dl)

0.654.45 ± 35.3257.70 ± 35.45Blood urea, (12–45 mg/dl)

0.589.27 ± 49.9078.24 ± 130.38Calprotectin, (31.64–126.97 ng/ml)

0.50.48 ± 0.1030.49 ± 0.104Cystatin C, (0.24–0.76 mg/dl)

0.11.702 ± 0.1041.50 ± 0.52Kidney Injury Molecule-1, (0.76–3.26 ng/ml)

and severe Covid-19 on Chinese patients, and another 
meta-analysis indicates that active smoking is not a predis-
posing factor for hospitalization.20 The ratio of oxygen satura-
tion as measured by pulse oximetry divided by the fraction of 
inspired oxygen is a simple measure, which has been previ-
ously used in the setting of acute respiratory distress syndrome 
instead of more complex variables,21 and thus can be evaluated 
in each patient with Covid-19 pneumonia to help identify 
patients at higher risk of severe disease.

During the pandemic period, it has been shown that 
56.9% of hospitalized COVID-19 positive patients and 37.2% 
of COVID-19 negative patients developed AKI.22 In this 
meta-analysis, although the rate of patients with increased 
serum creatinine levels was 9.6%, proteinuria was found in 
57.2% of all patients.23 For now, it is well known that KIM-1 
expression is elevated in various etiologies of AKI, chronic 
kidney disease, the kidney transplant population, and renal 
cell carcinoma.24 Most of the cases present with complications 
and is diagnosed by blood levels of conventional marker, 
which is serum creatinine. 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.25 
An increase in urea level is seen when there is damage to the 
kidney. Increase in blood urea level in the presence of high 
blood sugar level in diabetic patient indicates damage to the 
kidney. Studies conducted by Anjaneyulu et al had found that 
increase urea and serum creatinine in diabetic rats indicates 
progressive renal damage.26

Calprotectin could play a pivotal regulatory role in con-
trolling the inflammatory cascades and leukocyte trafficking 
to yield more coordinated immune reactions.27 Serum calpro-
tectin was significantly increased in patients with AKI com-
pared to patients without AKI. Serum calprotectin was also 
significantly increased in patients with sepsis) compared to 
patients without sepsis.28 In another study, they concluded that 
KIM-1 is a blood biomarker that specifically reflects acute and 
chronic kidney injury.29

In our study ferritin is increased in severe than moderate 
group Table 2 and it is significant when compare between it 
and that is agreement with Qin et al. reported that Covid-19 
patients with high levels of ferritin have greater proportions of 
severe and deceased cases (P = 0.0016).30 Theoretically, ele-
vated serum LDH is an important laboratory indicator for 
evaluating Covid-19.31 In this study showed significant incre-
ment in LDH levies in severe and moderate group that is 
agreed with Zhou et al. showed that the levels of serum ferritin, 

D-dimer, lactate dehydrogenase, and interleukin-6 (IL-6) are 
increased during the worsening of the disease, providing an 
indication of the risk of mortality.32 Tan et al. and other studies 
concluded that CRP was associated with disease progression 
and predicted early severe Covid-19.15 In present study there is 
a non-significant increment when measure the kidney func-
tion biomarkers serum (Cr, urea, Cys C and KIM-1) and the 
mechanism of kidney injury following Covid-19 infection 
remains unclear, although the co-expression of angiotensin- 
converting enzyme 2 (ACE2) receptors and transmembrane 
serine proteases (TMPRSSs) is key for the entry of SARS-CoV-2 
into host cells.33 Calprotectin is a protein that is especially 
secreted by neutrophils secondary to inflammation. It has 
recently been reported that calprotectin can be used as a bio-
marker of inflammation for assessing the activity of some 
inflammatory disorders.34 In addition, according to that study, 
a significant elevation of serum calprotectin was associated 
with high mortality in Covid-19 patients.35 Studies are ongoing, 
but there is not enough evidence at this time to support this 
finding and no scientific consensus whether 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.36

Conclusion
There is a positive correlation between KIM-1 with Cys C in 
severe and moderate Covid-19 groups, but only in severe group 
with serum Creatinine and blood urea. Also a significant posi-
tive correlation between Cys C and serum creatinine in severe 
group of Covid-19 patients. There is a non-significant elevation 
in CLP, Cys C and KIM-1 and they cannot serve as indicator 
biomarkers, but. Hyperferritinemia can serve as predictor of 
severe and fatal Covid-19 and extent of cytokine storm and its 
risk factor of poor prognosis in patients with Covid-19. Also 
elevated levels of LDH activity served as parameter for evalu-
ating Covid-19 and increased during acute lung damage.
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