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Abstract Öz 
Purpose:  The aim of this study was to evaluate kallistatin 
levels in patients diagnosed with COVID-19 and compare 
them with healthy controls. 
Materials and Methods: A total of 40 patients diagnosed 
with COVID-19, and 45 healthy controls were included in 
the study. The patient group was divided into 2 groups: 
patients treated in the service (n:20) and patients treated in 
the intensive care unit (n:20). Kallistatin levels were 
measured using the ELISA method. 
Results:  There was a significant difference in kallistatin 
levels between the patient group (n:40) and the control 
group (n:45). There was no significant difference in 
kallistatin between COVID-19 patients treated in the 
service and those treated in the intensive care unit. We 
found that the AUC for kallistatin was 0.856 in the ROC 
analysis performed between the patient and control 
groups. When comparing service and ICU patients in 
terms of laboratory parameters, there was a significant 
difference between the groups due to elevated potassium, 
AST, creatinine, ferritin, HGB and LDH in ICU patients. 
Conclusion:  As a result, kallistatin levels were 
significantly higher in the patient group than in the control 
group. Comprehensive studies with more patients are 
needed to understand whether kallistatin is elevated in 
COVID-19 patients due to the effects of COVID-19 or to 
eliminate oxidative stress. 

Amaç: Bu çalışmanın amacı, COVID-19 tanısı alan 
hastalarda kallistatin düzeylerini değerlendirmek ve sağlıklı 
kontrollerle karşılaştırmaktı. 
Gereç ve Yöntem: Çalışmaya COVID-19 tanısı alan 40 
hasta ve 45 sağlıklı kontrol dahil edildi. Hasta grubu 
serviste tedavi görenler (n:20) ve yoğun bakımda tedavi 
görenler (n:20) olmak üzere 2 gruba ayrıldı. Kallistatin 
seviyeleri ELISA yöntemi kullanılarak ölçüldü. 
Bulgular: Hasta grubu (n:40) ile kontrol grubu (n:45) 
arasında kallistatin düzeyleri açısından anlamlı fark vardı. 
Serviste tedavi edilen COVID-19 hastaları ile yoğun 
bakımda tedavi edilenler arasında kallistatin açısından 
anlamlı fark yoktu. Hasta ve kontrol grubu arasında yapılan 
ROC analizinde kallistatinin EAA'sını 0.856 olarak bulduk. 
Servis ve yoğun bakım hastaları laboratuvar parametreleri 
açısından karşılaştırıldığında, yoğun bakım hastalarında 
potasyum, AST, kreatinin, ferritin, HGB ve LDH yükselişi 
nedeniyle gruplar arasında anlamlı fark vardı. 
Sonuç: Sonuç olarak hasta grubunda kallistatin düzeyleri 
kontrol grubuna göre anlamlı olarak yüksekti. COVID-19 
hastalarında kallistatinin COVID-19'un etkileri nedeniyle 
mi yoksa oksidatif stresi ortadan kaldırmak için mi 
yükseldiğini anlamak için daha fazla hasta ile yapılacak daha 
kapsamlı çalışmalara ihtiyaç vardır. 
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INTRODUCTION 

COVID-19 disease, which affects people all over the 
world, has led to an increase in hospitalisation in 
intensive care unit (ICU) admissions and deaths. 
COVID-19 disease can be asymptomatic, moderate 
or critical depending on the age, body resistance and 
the presence of comorbidities (diabetes mellitus 
(DM), chronic respiratory disease, hypertension 
(HT), cancer, etc.) 1,2. The effect of the novel 
coronavirus on the body is mainly the abnormal 
immune response caused by the viral invasion and the 
resulting imbalance in the ratio of cytokines produced 
by the body 1,3. Inflammatory mediators and cytokine 
storm target lung epithelial cells and alveolar 
microvascular endothelial cells. As a result, lung 
epithelial cells and vascular endothelial cells are 
largely destroyed. In addition, tissue ischaemia and 
hypoxia exacerbate lung injury.  As a result, patients 
with severe COVID-19 often present with 
progressive hypoxaemia. The hypoxic state not only 
causes lung tissue damage, but also increases 
inflammation, oxidative stress and free radical 
damage. In healthy people, free oxygen radicals 
produced by metabolism are removed by the 
antioxidant system, the body's defence mechanism. 
However, in COVID-19 patients, this radical damage 
is increased due to hypoxia, ischaemia, comorbidities, 
medical treatment and viral load 4-6. Due to the 
widespread damage to cells and tissues caused by 
COVID-19 infection, it is difficult to identify of a 
specific laboratory parameter that can assess the 
severity of the disease and its impact on mortality. 

Kallistatin was first identified by Chao et al. in 1986 
as a serine proteinase inhibitor (serpin) specifically 
and covalently bound to tissue kallikrein in human 
serum. Kallistatin is mainly expressed in the liver, but 
is also widely distributed in the kidney, adrenal gland, 
vascular endothelial cells and vascular smooth muscle 
cells 7,8. Kallistatin contains two structural elements, 
the active site and the heparin binding site. Through 
these domains, it provides vascular relaxation, 
regulates angiogenesis, inflammation, oxidative 
stress, cell apoptosis, the expression of several genes 
and controls the activation of several signalling 
pathways 7-9. In this way, it protects against vascular 
and organ damage. Studies have reported that serum 
kallistatin levels are significantly reduced in patients 
with coronary artery disease and are negatively 
correlated with disease severity 10,11. Kallistatin causes 
vasodilation, mainly by increasing nitric oxide (NO) 
formation, and prevents oxidative stress, 

inflammation and fibrosis. Kallistatin reduces the 
generation of reactive oxygen species and oxidative 
stress in endothelial cells, renal tubular cells and 
cardiomyocytes through NO generation 7,9,10. 
Recently, kallistatin has been suggested to play a 
protective role in diabetic nephropathy by 
suppressing inflammation, fibrosis and lowering 
blood pressure 12,13. In contrast to studies that 
highlighting the protective effect of high kallistatin 
levels in some diseases, there are also studies that 
associating high kallistatin levels with a worse 
prognosis in some diseases 14,15. Given the increased 
inflammation and oxidative stress in COVID-19 
patients, we hypothesised that kallistatin levels might 
be low in these patients. 

In this study, we aimed to evaluate kallistatin levels in 
patients with COVID-19, compare them with plasma 
from healthy controls, and compare them with other 
laboratory data in the patients' files. 

MATERIALS AND METHODS 

Study population 
The study was conducted with samples collected at 
the Van Training and Research Hospital between 
December 29 2021, and March 10 2022. The study 
was approved by the Ethics Committee. After 
receiving ethics committee approval, institutional 
permission was obtained from the hospital for the 
study. No sample size calculation was performed for 
the study. The number of participants that could be 
tested with one enzyme-linked immunosorbent assay 
(ELISA) kit was determined and samples were 
collected according to the requirement that the 
number of patients should be equal to or less than the 
number of controls. The study included 40 patients 
diagnosed with COVID-19 and 45 healthy controls. 
A total of 13 patients (5 patients >65 years of age, 4 
patients diagnosed with DM, and 4 pregnant patients) 
were excluded from the study.  

Exclusion criteria for the patient groupwere being 
<18 and >65 years of age, presence of chronic 
diseases (DM, HT, chronic obstructive pulmonary 
disease (COPD), chronic liver-renal failure, 
malignancy, etc.), pregnancy.  Exclusion criteria for 
the control group were being <18 and 65> years of 
age, COVID-19 contact, any chronic disease (DM, 
HT, COPD, chronic liver-renal failure, malignancy, 
etc.), drug use, pregnancy. 

 1200 



Volume 48  Year 2023       Kallistatin levels in COVID-19 
 

Procedure 
This study was approved by the KTO Karatay 
University, Faculty of Medicine, Ethics Committee 
for Pharmaceutical and Non-Medical Device 
Research, and research and publication ethics were 
followed in the article (No: 2021/029, date: 27 
December, 2021). The study was conducted in 
accordance with the Declaration of Helsinki. 

The patients and healthy controls were followed up 
and plasma samples were collected by a specialist in 
internal medicine. The study included healthy 
volunteers without health problems attending the 
internal medicine outpatient clinic for routine check-
ups and patients with a confirmed diagnosis of 
COVID-19 by Real-Time polymerase chain reaction 
(RT-PCR). The patient group was divided into two 
groups: patients treated in the internal medicine 
service and patients treated in the general ICU. 
Kallistatin measurements were performed from the 
blood taken on the first moment of admission to the 
service and at the first moment of admission to the 
ICU. The age range was 18-65 years in both the 
patient and healthy control groups. No invasive 
procedures were performed during the study. Plasma 
samples from the patient and control groups were 
taken from the samples whose laboratory procedures 
had been completed. The remaining plasma samples 
were divided into 2 separate eppendorf tubes and 
stored at -80 °C until the ELISA test was performed. 
After freezing, no further freeze-thawing was 
performed until the kallistatin study. During the 
kallistatin study, the sample was removed from -80 
°C and thawed. Kallistatin was measured in samples 
obtained from the patient and control groups. Age, 
gender, presence of comorbidities and other 
laboratory data of the patient and control groups 
were obtained from the hospital's automated system. 

Biochemical analysis 
Plasma kallistatin levels were measured by enzyme-
linked immunosorbent assay method (ELISA).  
FineTest brand Human SERPINA4 (Kallistatin) 
ELISA Kit Catalog No: EH0209, Wuhan Fine 
Biotech Co., Ltd., Wuhan, Hubei, China) was used 
and the ELISA study was performed according to the 
manufacturer's manual. ELISA Study was conducted 
at KTO Karatay University, Research Laboratory. 
ELISA analyses were performed by a faculty member 
of the Department of Medical Biochemistry and a 
medical student. A Multiskan Sky Thermo (A.B.D.) 
device was used to read the results in this study. A 

Combi Wash (Human) washer was used in the study. 
Results were calculated as using the percentage of the 
predicted calculated concentration. The intra and 
inter-assay coefficients of variation were <8% and 
<10%, respectively. The minimum detectable 
concentration of kallistatin was 9.375 ng/mL, and the 
diagnostic interval of the assay was 15.625-1000 
ng/mL. 

Statistical analysis 
Statistical analysis of the data was performed using 
the SPSS 27.0 package (IBM SPSS, Chicago, IL, 
USA). Means±standard deviations were used to 
summarise numerical data, and numbers and 
percentages were used to summarise categorical data. 
Visual (histogram and probability plots) and 
analytical (Kolmogrorov-Smirnov) methods were 
used to analyse the conformity of the data to the 
normal distribution. The chi-square test (χ2) was used 
to compare categorical data. The relationship 
between non-normally distributed numerical data and 
categorical data was analysed using the Man-Whitney 
U test. The Kruskal-Wallis test was used when there 
were three or more non-normally distributed groups 
with numerical data.  Post-hoc Man-Whitney U test 
with Bonferroni correction was used for pairwise 
comparisons between groups with significant 
Kruskal-Wallis test results. As the data were not 
normally distributed, comparisons between patient 
and control groups for age, laboratory parameters 
and kallistatin were made using the Mann-Whitney U 
test. The Kruskal-Wallis test was used to compare age 
and kallistatin levels between the three groups. 
Correlations of non-normally distributed numerical 
variables were analysed using Spearman's correlation 
coefficient. The correlation coefficient was in the 
range of 0.00-0.19 (very weak), 0.20-0.39 (weak), 
0.40-0.69 (moderate),0.70-0.89 (strong), and 0.90-
1.00 (very strong). The diagnostic decision-making 
properties of kallistatin levels in predicting disease 
were analysed by receiver operating characteristics 
(ROC) curve analysis. In the presence of significant 
cut-off values, the sensitivity, specificity, positive 
predictive value and negative predictive value of these 
cut-off values were calculated. The type 1 error level 
was accepted as 5% for statistical significance. 

RESULTS 

Forty (21F, 19M) patients diagnosed with COVID-
19 and 45 (25F, 20M) healthy controls were included 
in this study. Of the group of patients diagnosed with 
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COVID-19, 20 were treated in the service (S) and 20 
in the ICU. The mean age of all patients was 
49±12.05 years. According to the medical records of 
the patients treated in the service and in the ICU, 
there were no additional diseases. When comparing 
service and ICU patients in terms of laboratory 
parameters, there was a significant difference 
between the groups due to elevated potassium, 

aspartate aminotransferase (AST), creatinine, ferritin, 
hemoglobin (HGB) and lactate dehydrogenase 
(LDH) in ICU patients (p<0.05). In addition, D-
dimer levels were lover in COVID-19 ICU patients 
were lower than in service patients, but the difference 
was not statistically significant (p>0.05). Table 1 
shows a comparison of the laboratory parameters of 
COVID-19 patients in the service and in the ICU. 

Table 1. Comparison of age and laboratory parameters of patients in the service and in the ICU.  
Variables Patients of service  

(n: 20) (median- IQR) 

Patients of ICU  

(n: 20) (median - IQR) 

p 

value 

Age 49.51 ± (41.75-58.00) 48.49 ± 11.73 (40.10-56.80) 0.78 

Na (mmol/L) 140 (137-143) 138.50 (135-140) 0.10 

K (mmol/L) 3.80 (3.12 - 4.00) 4.28 (3.95-4.45) 0.00** 

AST (U/L) 15.40 (11.30 - 26.10) 32.55 (22.22 - 39.22) 0.00** 

ALT (U/L) 16.30 (9.90 - 32.50) 26.25 (20.02 - 45.05) 0.12 

Urea (mg/dL) 42 (32.80 - 62.50) 38.40 (27.62 - 48.07) 0.06 

Creatinine (mg/dL) 0.74 (0.58 - 1.00) 1.03 (0.93 - 1.17) 0.00** 

Ferritin (ng/ml) 317.25 (173.52 - 598.22) 556.10 (276.37 - 813.80) 0.03* 

D-dimer (ng/ml) 456.50 (206.25 - 784.25) 390.50 (123.00 - 621.50) 0.06 

WBC (10³/mm³) 8.93 (5.42 -11.03) 7.64 (4.59 - 10.37) 0.49 

HGB (g/dL) 13.15 (9.20 - 14.40) 13.90 (12.90 -15.70) 0.03* 

Albumin (g/dL) 3.15 (2.79 -3.39) 3.15 (2.73 - 3.61) 0.69 

Lactate (mmol/L) 1.75 (1.50 - 2.67) 2.00 (1.70 - 2.90) 0.26 

Lactate/ Albumin Ratio 0.54 (0.47 - 0.83) 0.62 (0.49 - 1.07) 0.44 

LDH (U\L) 271.00 (224.00 - 313.25) 366.00 (334.00 - 491.00) 0.00** 

The Mann-Whitney U test was used for the statistics, Na: Sodium; K: Potassium; AST: aspartate aminotransferase; ALT: alanine 
aminotransferase; WBC: white blood cell, HGB: hemoglobin; LDH: Lactate dehydrogenase, *p<0.05, **p<0.01 

 

There was no difference in age and gender between 
the patients (S+ICU) and control group (p>0.05). 
There was a significant difference in kallistatin levels 
between the patient group (40) and the control group 
(45) (p<0.01). There was no significant difference in 

kallistatin between COVID-19 patients treated in the 
service and those treated in the ICU (p: 0.13). Data 
on kallistatin parameters in the patient and control 
groups are shown in Table 2. 

Table 2. Comparison of the groups with regard to the kallistatin levels.  

Data are expressed as median-IQR, Mann-Whitney U was used for the statistics, *p<0.05, **p<0.01 

Laboratory findings Patient (S+ICU = n: 40) Control (n: 45) p value 

Kallistatin (ng/mL) 44.28 (43.68-44.67) 33.97 (23.53-43.24) 0.00** 

 Patient (S, n: 20) Patient (ICU, n: 20)  

Kallistatin (ng/mL) 44.18 (43.61-44.57) 44.39 (43.5-44.8) 0.13 
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When the correlations between the laboratory data of 
the patient group and kallistatin were analysed, there 
was a positive low correlation between kallistatin and 
ferritin (r: 0.290, p: 0.018) and a negative low 
correlation between kallistatin and D-dimer (r: -
0.333, p: 0.036). 

To investigate the predictive power of the kallistatin, 
we performed ROC curves and AUC analyses. We 
found that the AUC for kallistatin was 0.856 (p=0.00, 
CI=0.763- 0.949) in the ROC analysis performed 
between the patient and control groups. Figure 1 
shows the ROC analysis plot.  

 
Figure 1. The ROC analysis for kallistatin (AUC: 
0.856). 

DISCUSSION 

In this study, we compared kallistatin levels between 
the healthy control group and the patients diagnosed 
with COVID-19. We found that kallistatin levels 
were significantly higher in the patient group than in 
the control group. 

COVID-19 is a serious respiratory disease that affects 
people of all ages. Patients requiring intensive care 
should be monitored closely, particularly liver and 
kidney function, because of the potential for multi-
organ effects and drug side effects. In one study, a 
significant increase in AST levels in COVID-19 
patients was associated with mortality 16. In a study 
conducted in 2021 on patients with COVID-19 
treated in the ICU (n: 205) and in the non-ICU (n: 
809), the AST, ALT, LDH and ferritin levels of the 
patients treated in the ICU were significantly higher 
than those of the patients treated in the non-ICU 
(p<0.0005) 17. In a study of 56 patients, of whom 35 
were treated in the ICU and 29 in the service, 

procalcitonin, urea and creatinine levels were found 
to be significantly higher in the ICU patients than in 
service patients (p < 0.05) 18. There are studies 
reporting that uncontrolled inflammation in 
COVID-19 increases ferritin levels and that elevated 
ferritin levels are associated with ICU admission and 
high mortality. The results of the study of 2523 adult 
patients hospitalised with COVID-19 pneumonia 
reported that elevated ferritin increased in-hospital 
mortality and the need for mechanical ventilation 
19,20. Consistent with studies in the literature, we 
found that the AST, creatinine, ferritin and potassium 
levels were significantly higher in patients treated in 
the ICU compared with those treated in the service. 

In the pathogenesis of COVID-19, viral 
involvement, the excessive cytokine elevation, 
immobilization and comorbidities cause endothelial 
damage and activate of the coagulation system. 
Plasma ferritin, D-Dimer and troponin levels that are 
high at initial diagnosis, or increase during follow-up, 
are defined as “poor prognostic factors” associated 
with severe disease and mortality 1,21-23.  Zhou et al. 24 
reported that elevated plasma ferritin levels were also 
associated with disease severity. In a study of a total 
of 458 patients diagnosed with COVID-19 who 
treated in the ICU (n: 405) and those who did not 
require ICU treatment (n: 53), CRP, ferritin and D-
dimer levels were significantly higher in patients 
treated in the ICU than in the group who did not 
require ICU treatment (p<0.001) 25. 

Progressive hypoxia is common in patients with 
COVID-19. Blood lactate and LDH levels are 
commonly used to assess tissue hypoxia 5,21,26.  In a 
study conducted involving 101 COVID-19 patients 
in the ICU, the effect of increasing LDH levels on 
28-day mortality was reported to be significant (p: 
0.003) 26. In a study conducted by Ucciferri et al. 27 
that included a COVID-19 group (n: 280) and healthy 
control group (n: 206), the LDH levels were 
significantly higher in the patient group (p < 0.001). 
In our study, we found that the D-dimer levels were 
lower in ICU patients, but the difference was not 
statistically significant. Ferritin and LDH levels were 
significantly higher in patients treated in the ICU 
compared with those treated in the service. The 
reason for the lower D-dimer levels in our ICU 
patient group may be due to differences in the patient 
numbers and methodological differences. In 
addition, they may have received anticoagulant 
therapy to lower their D-dimer levels while being 
transferred from the ward to the ICU. When selecting 
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patients for our study group, we excluded patients 
with additional chronic diseases. In all the other 
studies, the presence of chronic diseases is observed 
in the patient group. Although there are some 
differences between studies, our laboratory results 
for the patient group are compatible with the results 
of existing studies.  

Kallistatin is a serine protease inhibitor with 
vasodilator, anti-angiogenic, antioxidant and anti-
inflammatory effects. Most studies mention the 
protective effect of increasing kallistatin levels against 
disease. Decreased circulating levels of kallistatin 
have been described in many diseases, including 
several types of cancer, cardiovascular disease, septic 
syndrome, liver changes or inflammatory bowel 
disease 13,28,29. In a study of patients with septic shock, 
survivors had significantly higher kallistatin levels 
than non-survivors 30. A 2017 study found that 
kallistatin levels were significantly higher in patients 
with pre-diabetes compared to healthy controls 31. 
The results of another study of 116 patients with type 
1 diabetes reported that serum kallistatin levels were 
increased in type 1 diabetic patients with 
microvascular complications and hypertension, and 
this increase was associated with renal-vascular 
dysfunction 32. 

Only one study has investigated kallistatin levels in 
COVID-19 patients. This study of patients with 
mild/moderate or severe/critical COVID-19 
pneumonia measured the levels of five biomarkers 
associated with lung injury, namely SP-D, KL-6, 
presepsin, kallistatin and stratifin. The study found 
that kallistatin showed a significant reduction in 
severe and critical stages, but kallistatin was not 
recommended as a prognostic factor for COVID-19 
33. In our study results, we found no difference in 
terms of kallistatin between the COVID-19 patient 
groups treated in the ICU unit and the service. 
However, there was a significant difference in terms 
of kallistatin between our patient group (S+ICU) and 
our healthy control group, and kallistatin levels were 
high in the patient group.  

In most studies in the literature, kallistatin levels have 
been found to be low in various diseases and it has 
been suggested that increasing kallistatin levels is 
protective. In our study, kallistatin was high in the 
patient group. One study reported that they found a 
negative relationship between kallistatin levels and 
renal function, and they attributed the increase in 
kallistatin to a decrease in excretion due to impaired 
renal function 32. There were no patients with chronic 

diseases in our patient group, but we obtained this 
information from the hospital automation system 
and we do not know how COVID-19 disease affects 
the kidneys. The creatinine levels of our patients 
hospitalized in the ICU patients were high. We can 
say that the increase in our study may be related to 
the decrease in renal excretion. Our main prediction 
is that it may have increased in order to alleviate and 
eliminate the endothelial dysfunction, inflammation 
and oxidative stress caused by COVID-19 and to play 
a protective role against these effects. However, to 
prove these hypotheses, new studies are needed with 
a larger number of patients and repeated 
measurements.  

In this study, there was no significant difference in 
kallistatin between COVID-19 patients treated in the 
service and those treated in the ICU. There was a 
significant difference in kallistatin levels between the 
patient group and the control group. Most studies 
mention the protective effect of increasing kallistatin 
levels against diseases. Therefore, our study results 
need to be confirmed by prospective studies with 
more participants and taking into account conditions 
that may affect kallistatin levels, such as oxidative 
stress, atherosclerosis, hyperlipidaemia and obesity. 

The small number of patients is a major limitation of 
this study. Kallistatin levels are also altered in 
conditions such as oxidative stress, atherosclerosis, 
hyperlipidemia and obesity. In our study, we obtained 
information about the presence of chronic diseases in 
COVID-19 patients from the automated system. For 
this reason, we were not able to obtain additional 
information about diseases that may affect kallistatin 
levels. The blood taken from the patients at the time 
of their first admission to the service and ICU was 
used. For this reason, the inability to make repeated 
measurements of kallistatin levels is among the 
important limitations of our study.  

As a result, kallistatin levels were significantly higher 
in the patient group than in the control group. 
Comprehensive studies with more patients are 
needed to understand whether kallistatin is elevated 
in COVID-19 patients due to the effects of COVID-
19 or to eliminate oxidative stress. 
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