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Abstract

Aim: The coronavirus disease (COVID-19) has been a public health problem that causes severe acute respiratory syndrome affected
all over the word since 2019. The most commonly used parameters as inflammatory response in the clinic are leukocytes, neutrophils,
erythrocyte amount and serum C-reactive protein (CRP). In recent years, it has been reported that serum PCT (procalcitonin) level
may be useful in the diagnosis of bacterial and viral infections. The aim of our study is to compare blood parameters that may play a
supportive role to diagnose of COVID-19 in healthy control and critically COVID-19 patient groups.

Material and Methods: This retrospective research was carried out in Malatya Turgut Ozal University Training and Research Hospital,
Malatya, Tirkiye. Total 88 critically ill patients and 90 healthy people accepted to the study and electronic medical records of patients
and control group has been collected from hospital information system (HIS). COVID-19 diagnose has been confirmed by real-time
polymerase chain reaction (RT-PCR) results.

Results: No statistically significant difference was found between the patient and control groups according to gender in the
participants included in the study. A statistically significant increase was observed in CRP, LDH, PCT, D-dimer, urea, sediment,
lympocyte and neutrophil levels in COVID-19 patients. According to logistic regression analysis CRP, LDH and sediment values
were found to be statistically effective in estimating the COVID-19 infection. These results also supported by ROC analysis, CRP,
neutrophil, LDH, PCT and D-dimer results were determined to be distinguishing parameters for COVID-19 patients.

Conclusion: We found that CRP, PCT and LDH levels higher in the COVID-19 patients and these parameters can be used to diagnose
and estimate the prognose of COVID-19 infection in intensive care patients.
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INTRODUCTION Middle East Respiratory Syndrome (MERS) (3,4). There is
no treatment yet whose efficacy and safety have been
proven by scientific studies. COVID-19 is transmitted
mainly through droplets. Respiratory symptoms, fever,
cough, and dyspnea are the most prevalent symptoms of
the disease (5). Efforts are being carried out intensively
for effective treatment to control the pandemic (6).
COVID-19 disease is a potent disease that leads to multi-
organ failure. Studies have shown that oxidative damage,
coagulation problems and some metabolic changes
occur due to hyperinflammation in COVID-19 disease.
These events lead to pathological conditions, especially
in critically ill patients (1). Inflammatory cytokines can
manifest themselves for a long time in acute kidney injury
(7). COVID-19 diagnostic tests are an important part of the
epidemic (8). In addition to the evaluation of inflammatory

The coronavirus disease (COVID-19) has been a public
health problem that causes severe acute respiratory
syndrome affected all over the word since 2019 and it is
originated in Wuhan, China (1). The disease spread from
the Asian Continent to Europe and America in a short period
of two months, and the World Health Organization (WHO)
declared the COVID-19 disease as a “Pandemic” on March
11, 2020. Coronaviruses are single-stranded, positively
charged viruses; have extensions on their surface. For this
reason, these viruses are named as Coronavirus (crowned
virus) (2). As a result of the examination of the samples
taken from COVID-19 patients, it was understood that the
virus causing the disease was from the coronavirus family
as well as Severe Acute Respiratory Syndrome (SARS) and
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markers, it is critical to closely monitor potential
indicators of organ failure in intensive care units. The
most used parameters in clinical acute phase response
are leukocytes, absolute neutrophils, erythrocyte amount,
serum C-reactive protein (CRP). In recent years, it has
been reported that serum procalsitonin (PCT) levels may
be useful in the diagnosis of bacterial and viral infections
(2). Procalcitonin and ferritin tests are other parameters
used in the evaluation of the inflammatory process and
“cytokine storm”. Liver and kidney function tests, creatine
kinase (CK) and D-dimer test, which is a fibrin breakdown
product, are widely used in the evaluation of complications
of the disease (9).

In the light of these information, the aim of our study is to
compare blood parameters that may play a supportive role
to diagnose of COVID-19 in healthy control and critically
COVID-19 patient groups.

MATERIAL AND METHOD
Selecting participants and Data Collecting

This retrospective research was carried out in Malatya
Turgut Ozal University Training and Research Hospital,
Malatya, Turkey. Intensive care specialists were in charge
for all the patients in the intensive care unit. Electronic
medical records of patients and control group has been
collected from hospital information system (HIS) and
screening period was between 09.04.2020 and 09.04.2022.
COVID-19 diagnose has been confirmed by real-time
polymerase chain reaction (RT-PCR) results in the HIS.
Participants forming control group have been selected
from the same health center and attention was paid to
have a parallel characteristic with the critically ill group in
terms of age and gender. Total 88 critically ill patients and
90 healthy people accepted to the study as COVID-19 and
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Control group respectively. Seconder comorbidities such
as diabetes mellitus, cardiovascular disease, hypertension,
chronic obstructive pulmonary disease, cerebrovascular
disease, and chronic kidney disease were determined as
exclusion criteria.

Biochemistry, hemogram and coagulation analysis
were performed by Abbott Architect c¢16000, Sysmex
Corporation XN-10 and Diagon Coag XL medical devices
respectively.

Statistical Analysis

The analysis of the data was carried out with the SPSS
(Statistical Programin Social Sciences) 25 program. In order
to check whether the data show the normal distribution,
Shapiro Wilk Test was used (10). The significance level (p)
for comparison tests was taken as 0,05. Since the variables
did not have a normal distribution (p>0.05), the analysis
was continued with non-parametric test methods. Mann
Whitney U test was used to comparisons in independent
pairs. ROC analysis was performed to determine the cut-
off point (11).

RESULTS
Comparison of the Demographic Characteristics

The mean age of 88 COVID-19 patients was 72.63 (IQR,
22-98). The number of women was 41 (46.6%) and the
number of men was 47 (53.4%). The mean age of 90
healthy controls was 69.97 (IQR, 24-95) and the number
of women and men were equal and 45.

No statistically significant difference was found between
the patient and control groups according to gender in the
participants included in the study (p>0.05, Table 1). The
groups show a homogeneous distribution according to
the gender and age variable.

Table 1. Comparison of groups by gender and age

Grou
Parameter  Group . 2 Total Test Value® p Value
Covid-19 (n/%) Control

Male 47 (53.4%) 45 (50.0%) 92 (51.7%)

Gender 0.207 0.649
Female 41(46.6%) 45 (50.0%) 86 (43.7%)
Total 88 (100.0%) 90 (100.0%) 178 (100.0%)

Parameter  Group n Mean £ SD Min-Max Test Value® p Value
Covid-19 88 72.63+14.92 (22-98)

Age 1.212 0.227
Control 90 69.97+14.34 (24-95)

Test value?; Ki-square test value (X?), p value; statistical significance, SD; standart deviation, Min; minimum value, Max; maximum value, Test Value®;

Mann Whitney U Test value

Laboratory Parameters of Participants

Measurements of serum biochemical parameters are given
in Table 2. A statistically significant increase was observed
in blood sediment, CRP, PCT, LDH, D-dimer, urea, lympocyte
and neutrophil levels in COVID-19 patients compared to the
healthy control group (p=0.001). On the contrary, significant

decrease was found between the patient and control
groups according to the calcium (Ca) and magnesium
(Mg) levels (p<0.05, Table 2). Apart from that there was no
statistically significant difference between the patient and
control groups according to the variables of sodium (Na),
potassium (K), chlorine (Cl), phosphorus (P) and creatinine
in the participants included in the study.
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Table 2. Comparations of the COVID positive and control groups blood parameters

Parameter . GROUPS Test Value p Value
Covid-19 (MeanSD) Control (MeanSD)
CRP (mg/dL) 8.9118.5 2.7+2.88 1864.500 0.001+
Neutrophil (103/pL) 10.4615.9 7.8315.65 2640.000 0.001+
LDH (U/L) 532.941672.13 261.74117.08 1572.500 0.001+
Lymphocyte (103/pL) 1.7148 1.8411.01 1397.000 0.001+*
PCT (ng/mL) 2.517.26 0.47+0.89 2743.500 0.001+*
D-dimer (pgr FEU/mL) 2.63+2.69 1.6812.01 2703.000 0.001+*
Urea (mg/dL) 88.23+60.05 63.91+44.03 2785.000 0.001+
Creatinine (mg/dL) 1.4741.61 1.1741.03 3327.000 0.066
Ca (mg/dL) 7.9610.94 8.4910.86 2458.000 0.001+
Mg (mg/dL) 2.24+0.76 6.16129.49 3225.500 0.033+
Na (mmol/L) 139.55+5.74 139.115.37 3859.500 0.769
K (mmol/L) 4.17+0.96 4.17+0.63 3725.000 0.494
Cl (mmol/L) 103.44+7.19 104.1815.56 3505.500 0.185
P (mg/dL) 3.57+1.78 3.611.37 3592.000 0.284
Blood sediment (mm/hour) 45.3+27.92 23.83+18.31 660.000 0.001+

SD; Standart deviation, Test Value; Mann Whitney Test value; *Shows the statistically significant difference between the groups (p<0.05)

Logistic Regression Analysis for Groups

Logistic regression analysis of the variables are given in
Table 3. CRP, LDH and sediment values were found to be
statistically effective in estimating the groups (patient —
control) (p<0.05). Neutrophil, lymphocyte, procalcitonin,
Ca, D-dimer, Mg values were not found to be statistically
effective in estimating the groups (patient — control)
(p>0.05).

Regression analyzes for CRP, LDH and sediment values
are given below.

CRP value is 0.849 times more effective in estimating

groups correctly (OR=0.849, 95% CI 0.730-0.988). 1 unit
increase in CRP value, increases the risk of COVID-19
infection 0.849 times.

LDH value is 0.985 times more effective in estimating
groups correctly (OR=0.849, 95% Cl 0.976-0.993). 1 unit
increase in LDH value, increases the risk of COVID-19
infection 0.985 times.

Sediment value is 0.961 times more effective in estimating
groups correctly (OR=0.961, 95% CI 0.935-0.988). 1 unit
increase in sediment value increases the risk of COVID-19
infection 0.961 times.

Table 3. Estimated values of the parameters in the model

Parameters B S.E. w

CRP -0.163 0.077 4.489
Neutrophil 0.014 0.057 0.062
LDH -0.015 0.004 12.078
Lymphoside 0.011 0.046 0.062
PCT -0.016 0.145 0.012
Ca 0.378 0.326 1.344
D-dimer 0.067 0.201 0.112
Mg -0.851 1.251 0.463
Blood sediment -0.040 0.014 7.958
Constant 4.569 4.097 1.244

95% ClI for EXP(B)

sd p Value (sig) Exp(B)

Lower Limit  Upper Limit

1 0.034* 0.849 0.730 0.988
1 0.803 1.014 0.908 1.134
1 0.001* 0.985 0.976 0.993
1 0.803 1.012 0.924 1.107
1 0.913 0.984 0.740 1.309
1 0.246 1.460 0.770 2.767
1 0.738 1.070 0.721 1.587
1 0.496 0.427 0.037 4.962
1 0.005* 0.961 0.935 0.988
1 0.265 96.410

B; parameter estimates, S.E.; standard error, W; Wald statistics, sd; degrees of freedom, EXP (B); odds ratio, 95% Cl; confidence intervals
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ROC Analysis

ROC analysis results are given in Table 4. According to ROC
analysis results, CRP, neutrophil, LDH, PCT and D-dimer
results were determined to be distinguishing parameters
for COVID-19 patients. It was observed that the parameter
with the highest AUC value among these parameters was
LDH and the lowest AUC value belonged to the D-dimer
parameter. As a result of the ROC analysis for LDH, 274.5
points, which corresponds to the point with the highest
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sensitivity and the lowest specificity, were determined as
the cut-off point, at this point the sensitivity of the scale
was found to be 0.778 and the specificity as 0.762. The
highest AUC value after LDH belongs to the CRP parameter
and as a result of the ROC analysis, it was determined as
the cut-off point of 3.45 points, which corresponds to the
point with the highest sensitivity and the lowest specificity.
At this point, the sensitivity of the scale was found to be
0.698 and the specificity to be 0.810. ROC curves of all
analyzed parameters are given in Figure 1.

Table 4. Result of ROC analysis

Parameters Cutting Point  Sensitivity Specificity
CRP 3.455 0.698 0.810
Neutrophil 7.205 0.730 0.714
LDH 274.500 0.778 0.762
Lymphocyte 0.165 0.968 0.001
PCT 0.134 0.762 0.690
Ca 6.950 0.905 0.024
Na 138.500 0.651 0.524
K 3.675 0.762 0.190
cl 104.500 0.460 0.571
P 5.200 0.127 0.929
D-dimer 1.315 0.635 0.619
Mg 1.715 0.905 0.095
Blood sediment 26.500 0.698 0.786

95% C.I.
p AUC
Lower Limit Upper Limit
0.001* 0.804 0.722 0.886
0.001* 0.734 0.635 0.833
0.001* 0.843 0.770 0.916
0.053 0.186 0.099 0.272
0.001* 0.773 0.680 0.866
0.051 0.246 0.153 0.338
0.113 0.592 0.483 0.701
0.291 0.439 0.329 0.549
0.419 0.453 0.343 0.564
0.353 0.446 0.332 0.560
0.004* 0.666 0.560 0.772
0.095 0.596 0.488 0.704
0.001* 0.751 0.654 0.847

*Shows statistical significant difference (p<0,05), AUC; area under the curve, %95 Cl; confidence interval
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Figure 1. Cutting points according to ROC analysis
DISCUSSION

COVID-19 disease is a severe disease that leads to
multi-organ failure. Virus infections can affect various

organs, including kidney damage. Studies have shown
that oxidative damage, coagulation problems and some
metabolic changes occur due to hyperinflammation in
COVID-19 disease. These events lead to pathological
conditions, especially in critically ill patients (7).
Inflammatory cytokines can manifest themselves for a
long time in acute kidney injury (7). PCT levels is associated
with hyper-inflammation seen in COVID-19 infection. In
our research, we analysed the level of procalcitonin in
intensive care patients and found a significant association
between disturbances in PCT and COVID-19 disease.
Serum PCT levels increase not only in severe and life-
threatening systemic inflammatory conditions, but also
return to normal soon after the septic state has resolved
(12). During infection, this value rises above 0.5ng/mL. (3).
PCT levels have been investigated during the COVID-19
process in many studies due to inflammation in COVID-19
disease, and high PCT levels in kidney patients lead to
pathology (13,14).

CRP is used to distinguish between viral and bacterial
infections and to identify developing complications (15).
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CRP levels increases significantly after surgery, infections,
tumors, autoimmune diseases, and chronic inflammatory
diseases (12). Elevated CRP is considered as a risk factor.
The normal limit values of CRP are 0-5 mg/L. CRP is slightly
higher in women than in men (16). CRP value increases
in patients with COVID-19 (17). Studies show that the
amount of CRP in plasma increases due to inflammation
in COVID-19 patients (18). We observed that CRP were
significantly different between the two groups. CRP value
groups (patient-control) are 0.849 times more effective in
estimating correctly (OR=0.849, 95% CI 0.730-0.988). 1
unit increase in CRP value increases the risk of COVID-19
infection 0.849 times.

Lactate dehydrogenase, a hydrogen transfer enzyme,
catalyzes the oxidation of L-lactate to pyruvate. The
enzyme enters the circulation in case of inflammation and
tissue damage and there is a marked increase in serum
levels (19). It is thought that high LDH levels in severe
COVID-19 patients may be a potential marker of lung
injury and tissue destruction (20). We found a significant
difference between the COVID-19 infected and healthy
control group in terms of LDH levels.

D-dimer; It is a fibrin degradation product formed by the
breakdown of thrombus by the endogenous fibrinolytic
system. D-dimer levels increase with inflammation in
COVID-19 patients (21). In a study, it was found that some
of the COVID-19 patients with high D-dimer (>5000 pg/L)
levels had an elevation associated with sepsis (22). In our
study, we found that D-dimer levels increased in patients
with critical COVID-19 compared with healthy people.

Careful control of kidney functions during COVID-19
infection is vital (23). Various studies have examined
the relationship between COVID-19 infection and acute
kidney injury, and the risk of death increases with kidney
damage in COVID-19 patients (24-26). In COVID-19
disease; fluid and electrolyte imbalance causes many
complications. Studies have reported that the risk of
death due to kidney damage increases in COVID-19
patients due to pH and electrolyte imbalances in biological
fluids. Electrolyte imbalance leads to conditions such as
hyponatremia, hypernatremia, hypokalemia, hypocalcemia,
and hypochloremia in patients. Hypokalemia (decreased
potassium level) in COVID-19 infection is important in
various pathophysiological mechanisms (27). According to
another study; sodium decreased significantly in COVID-19
patients, similarly, there was a decrease in potassium and
calcium levels, but no statistically significant difference
was observed for chlorine level (28,29). In our study, no
significant difference was observed between the patient
and control groups for chlorine levels. There was no
statistically significant difference between the patient
and control groups according to the variables of sodium,
potassium, chlorine, phosphorus and Ca in the participants
included in the study.

Structural analysis of COVID-19 is important in terms
of activation of calcium-dependent mechanisms and
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interaction of this ion with the target cell membrane
(29). Calcium ions; It is one of the substances involved
in signal transmission in every cell. Regulation of the
activity of nuclear transcription factors, intracellular and
extracellular enzymes, transmembrane channels, ion
channels, membrane receptors, various calcium sensitive
components; it depends on Ca signals in the cell. Ca is
involved in many steps such as the post-translation
process of viral proteins, viral gene expression, entry of the
virus into the cell, and the viral life cycle. In addition, very
rapidly rising creatinine values can be detected, serum
calcium levels are decreased in COVID-19 patients (21).
In our study, we found that calcium and magnesium levels
decreased significantly in COVID-19 infected people.

Serum creatinine and urea levels are the most commonly
used tests to evaluate kidney functions. Acute kidney
injury (AKI) is one of the major complications of COVID-19
infection and is also associated with increased morbidity
and mortality. It is vital to carefully control kidney functions,
especially during COVID-19 infection (23). A statistically
significant difference was found between the patient and
control groups according to the variables of urea in the
participants included in the study (p<0.05, Table 2).

It is a group of peripheral blood cells consisting of
neutrophils, monocytes, eosinophils, basophils and
lymphocytes. Their main function is to clear pathogens,
dead or aged cells and foreign materials from the body (30).
Approximately 75% of leukocytes consist of neutrophils.
They play a role in body immunity in inflammation
with phagocytosis and degranulation (31). Platelets
play a role in the realization of primary hemostasis by
initiating coagulation and wound healing at the injury
site. In addition, they may exert a direct antimicrobial
activity, similar to neutrophils and monocytes, and have
a significant effect on the acute inflammatory response
(32). In healthy individuals, the total lymphocyte count is
over 1500/mm?3. There are also publications that conclude
that lymphopenia can indicate the severity of COVID-19
disease (33).

CONCLUSION

Significant differences were found in some routine
biomarkers between patients diagnosed with COVID-19
and control group. We found that CRP, PCT and LDH levels
higher in the COVID-19 patients and these parameters
can be use to diagnose and estimate the prognose of
COVID-19 infection in intensive care patients. We also
believe that the elevated procalcitonin values, low calcium
and magnesium levels of COVID-19 patients may show
the risk of multiple organ damage but new researches are
needed to test this idea.
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