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Background: Oxidative stress plays an important role in the pathogenesis of many
diseases. This study aimed to investigate the relationship between nuclear factor
kappa B (NF-xB) and oxidative stress and the severity of the disease in new COVID-19
patients, and, to compare the levels of NF-xB, oxidized LDL (oxLDL), and lectin-like
oxidized-LDL receptor-1 (LOX-1) with oxygen saturation, which is an indicator of the
severity parameters of the disease in COVID-19 patients.

Methods: In this prospective study, 100 COVID-19 patients and 100 healthy subjects
were selected.

Results: LOX-1, NF-xB, and oxLDL were found to be higher in COVID-19 patients
compared to the healthy subjects (p<0.001 for all). According to the results of
correlation analysis, it was found that there was no significant relationship between
oxygen saturation and LOX-1, NF-kB and oxLDL parameters. There was significant
relationship between oxLDL with LOX-1 and NF-xB in patients with COVID-19
disease. ROC analysis results of the highest discrimination power were oxLDL (AUC:
0.955, CI: 0.904-1.000; sensitivity: 77%, and specificity: 100%, for cutoff: 127.944ng/\)
indicating COVID-19.

Conclusion: Oxidative stress plays an essential role in COVID-19. NF-kB, oxLDL,
and LOX-1 seem to represent good markers in COVID-19. Our study also showed
that oxLDL has the highest power in distinguishing patients with COVID-19 from the
healthy subjects.

COVID-19, nuclear factor kappa B, lipid metabolism, oxidized LDL, lectin-like oxidized-LDL
receptor-1

Introduction

The virus, which emerged in late 2019 and called SARS-CoV-2 by the World Health
Organization, spread rapidly around the world, causing a pandemic. While the disease called corona
virus disease 2019 (COVID-19) progressed with asymptomatic or mild symptoms in some people,
severe disease findings requiring hospitalization were observed in approximately 20% of the cases.
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The morbidity and mortality of COVID-19 is mostly associated with
acute viral pneumonia and associated severe acute respiratory distress
syndrome (ARDS) (1, 2).

Oxidative stress and inflammation cause oxidation of lipids and
lipoproteins, and play an important role in the pathogenesis of many
diseases (3). Oxidized LDL (oxLDL) formation is seen in various
diseases resulting in oxidative stress and the presence of reactive oxygen
species (ROS) (4). OxLDL leads to the progression of lesions in
atherosclerosis, diabetes mellitus (DM), aging, non-alcoholic fatty liver,
metabolic syndrome (MS), cardiovascular diseases (CVD) and
cerebrovascular diseases, nephrotic syndrome, chronic renal failure,
diabetic nephropathy, nephrosclerosis, and acute renal failure. It causes
and plays an important role in the pathogenesis of the disease (5-7). It
is expressed by pro-inflammatory and pro-oxidative stress in lectin-like
oxidized-LDL receptor-1 (LOX-1) cells and endothelium, monocyte,
macrophage, smooth muscle cells, cardiomyocytes, fibroblast, adipocyte,
airway epithelial cells, dendritic cells, and thrombocytes (8-10).

LOX-1 expression increased by oxLDL stimulates the growth and
proliferation of smooth muscle cells (SMC) with nuclear factor kappa B
(NF-kB) and JNK signaling pathways, causing SMCs to move from the
media to the subendothelial area. LOX-1 plays an important role in
fibroblast growth and collagen synthesis stimulated by angiotensin II
and transforming growth factor beta (TGE-p). The presence of LOX-1 in
activated platelets is associated with thrombus formation (7).

In this respect, our aim in this study is to investigate the relationship
between NF-kB and oxidative stress and the severity of the disease in
new COVID-19 patients, and, to compare the levels of NF-«B, oxLDL,
and LOX-1 with oxygen saturation (SO,), which is an indicator of the
severity parameters of the disease in COVID-19 patients.

Materials and methods

The study was designed prospectively. All procedures in our study
comply with the 1964 Declaration of Helsinki and any subsequent
amendments or comparable ethical standards. The study was approved
by the Mehmet Ali Aydinlar University Faculty of Medicine Ethics
Committee and informed consent was obtained from all participants
(ATADEK-2020/17).

Of two hundred subjects who were admitted to Atakent Hospital
emergency department between 15 March 2020 and 15 November 2022,
100 subjects with COVID-19 were included in this study. The
recommended criteria established by the Scientific Committee of the

Abbreviations: ALA, Alpha lipoic acid; ARDS, Acute respiratory distress syndrome;
ASC, Apoptosis-associated speck-like protein containing a caspase recruitment
domains; CRP, C-reactive protein; CVD, Cardiovascular diseases; DBP, Diastolic
blood pressure; DM, Diabetes mellitus; GSH, Glutathione; HDL, High density
lipoprotein; ICAM-1, Intracellular adhesion molecule-1; IFN-V, Interferon-V; IL-14,
Interleukin-1 beta; LOX-1, Lectin-like oxidized-LDL receptor-1; MAPK, Mitogen
activated protein kinase; MCP1, Monocyte chemotactic protein-1; MS, Metabolic
syndrome; NAC, N-acetyl-cysteine; NF-kB, Nuclear factor kappa B; oxLDL, Oxidized
low density lipoprotein; oxLIC, oxLDL immune complex; ROC, Receiver operating
characteristic; ROS, Reactive oxygen species; RT-PCR, Reverse transcription
polymerase chain reaction; SBP, Systolic blood pressure; SMC, Smooth muscle cells;
SO,, Oxygen saturation; SPSS, Statistical product and service solutions; TGF-p,

Transforming growth factor beta; VCAM-1, Vascular cell adhesion molecule-1..
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Ministry of Health were used for the selection of possible COVID-19
patients. These criteria are having at least one sign or symptom of fever
or acute respiratory illness (cough and respiratory distress); the presence
of clinical features that cannot be explained by any other disease; the
patient or a relative has a history of traveling to another country for
14 days prior to the onset of symptoms; and close contact with a patient
confirmed to be COVID-19 positive by reverse transcription polymerase
chain reaction (RT-PCR). Their diagnoses were confirmed by
radiologist. The patients were selected from those over the age of 18 who
applied to Acibadem Atakent Hospital with positive COVID-19 PCR
and/or Thorax CT (100 cases) and 100 healthy subjects. Studies show
that thorax CT has higher sensitivity than RT-PCR. RT-PCR false
negatives can be quite high due to the immature development of nucleic
acid detection technology, differences in detection rate from different
manufacturers, low patient viral load, or inappropriate clinical sampling
(11). In our study, 33 patients (33%) had positive RT-PCR results, 67
patients (67%) had negative RT-PCR results, and thorax CT results of
all 89 patients were typically compatible with COVID-19 pneumonia.
Patients were classified as uncomplicated, mild-moderate pneumonia,
and severe pneumonia. Patients with symptoms such as fever, muscle/
joint pain, cough, and sore throat, without respiratory distress
(respiratory rate <24 per minute, SpO2 >93% in room air) and with
normal chest X-ray and/or lung tomography were classified as
uncomplicated. Patients with symptoms such as fever, muscle/joint pain,
cough and sore throat, respiratory rate <30/min, SpO2 >90 in room air,
and mild-moderate pneumonia findings on chest X-ray or tomography
were classified as mild-moderate pneumonia. Patients with symptoms
such as fever, muscle/joint pains, cough, and sore throat, with tachypnea
(>30/min), with SpO2 level below <90% in room air, and bilateral
diffuse pneumonia findings on chest X-ray or tomography were
classified as severe pneumonia. Control subjects were selected from
individuals who were confirmed by PCR and clinical evaluation as not
having COVID-19 disease and had no additional disease. All patients
were of Turkish descent.

Inclusion criteria

Age of COVID-19 diagnosis: >18 years. Patients who presented with
positive SARS-CoV-2 RNA finding in throat swab samples and were
diagnosed with COVID-19 according to the World Health Organization
guidelines or having positive RT-PCR test with oxygen saturation rate
below 90%.

Exclusion criteria

Patients aged <18 years, cancer, obesity, diabetes, smoking, pregnant,
and still hospitalized but not yet discharged from the hospital were
excluded from this study.

After being diagnosed with COVID-19, treatment was given to all
patients in line with the recommendations of the Scientific Board of
the Turkish Ministry of Health. All patients were started on
hydroxychloroquine loading 2%400 followed by 2 x 200 mg for a total
of 5days/azithromycin (500 mg on the first day followed by 250 for a
total of 5 days) plus oseltamivir 75 mg given twice. Favipiravir was
reserved for severe cases with dyspnea and SpO2 <90%. It was given
in the dose of 1,600 mg twice on day one followed by 600 mg for the
next 4 days.
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The chest CT examinations were reported in accordance with the
Radiological Society of North America (RSNA) Consensus Statement
on Reporting Chest CT Findings Related to COVID-19.

Combined pharyngeal and nasopharyngeal swab samples were
obtained for RT-PCR assay.

Samples were drawn into plain tubes with no additive, in the
morning after an overnight fasting (10-12h) from patients with
COVID-19 and their respective controls. Serum samples were separated
from cells immediately after centrifugation (4,000 rpm, 10 min at 4°C),
aliquoted, and stored at —80°C until assayed for NF-kB, oxLDL,
and LOX-1.

Routine biochemical parameters were measured by the autoanalyzer
(Siemens Dimension, Germany). Serum C-reactive protein (CRP) levels
were measured by a photometric method (Siemens Dimension,
Germany). Complete blood count parameters were obtained with
automatic hematology analyzer (Sysmex XN-2000, Germany).

Oxygen saturation (SO,) levels were measured by blood gas analyze
(Siemens Rapid 500, Germany).

Measurement of serum NF-xB p65 levels

Serum NF-kB levels were measured by a commercially available
competitive enzyme-linked immunoassay kit (R&D Systems,
Minneapolis, MN, United States). The coefficients of intra- and inter-
assay variations were 4.6% (n=20) and 5.4% (n=20), respectively.

Measurement of serum oxidized low density
lipoprotein (oxLDL) levels

Serum oxLDL levels were measured by a commercially available
competitive enzyme linked immunoassay kit (R&D Systems,
Minneapolis, MN, United States). The coefficients of intra- and inter-
assay variation were 4.5% (n=20) and 5.3% (n=20), respectively.

Measurement of serum lectin-like
oxidized-low density lipoprotein receptor 1
(LOX-1) levels

Serum LOX-1 levels were measured by a commercially available
competitive enzyme linked immunoassay kit (R&D Systems,
Minneapolis, MN, United States). The coefficients of intra- and inter-
assay variation were 4.7% (n=20) and 5.8% (n=20), respectively.

Statistical analysis

In the statistical analysis of the study, the criteria discussed were
defined by mean, standard deviation, frequency, and percentage values.
The distribution of all analyzed parameters was confirmed using the
Kolmogorov-Smirnov test. Results for normally distributed continuous
variables were expressed as means * standard deviations. Chi-Square test
was used to compare frequencies and percentages between the groups.
Student’s t-test was used for comparisons of two groups. One-way
ANOVA and Tukey test as post-hoc were used in the comparison of three
groups. Correlation analysis was performed using Spearman’s
correlation analysis. In the study cases, receiver operating characteristic
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(ROC) curve analysis was used to investigate the performance of
important criteria in determining disease diagnosis. As a result of the
ROC analysis, cutoff points were determined by using the Youden Index.
A p value below 0.05 was expressed as significant. Post-hoc power
analysis was performed for the study, and the power of the study was
found to be 100% at a=0.05, for all three parameters (LOX-1, NF-xB,
and oxLDL). All statistical analyses were carried out using Statistical
Product and Service Solutions (SPSS) v. 21.0 (IBM, Armonk, NY,
United States) package program.

Results

Both groups were selected from patients and healthy subjects
matched for gender and age (no statistically significant difference). Dot
graph of population age distribution was also shown in Figure 1. When
the clinical results of the patients were evaluated, no significant
difference was found between diastolic blood pressure (DBP), systolic
blood pressure (SBP), and SO, levels. However, PCR and radiological
findings were found to be significantly positive in patients with
COVID-19 (both p<0.001). No significant difference was found
between the groups in terms of survive status (Table 1). Clinical
parameters of the COVID-19 patients are also shown in Table 2.

Hematological values and routine biochemical tests of the patients
were evaluated, and no significant difference was found (Tables 3, 4).
There was no significant difference in total cholesterol, high density
lipoprotein (HDL), LDL, and triglyceride levels between the groups
(p>0.05 for all; Table 4). All three parameters LOX-1, NF-kB, and
ox-LDL were found to be higher in COVID-19 patients compared to the
healthy subjects (p<0.001 for all) (Table 5). There was significant
relationship between oxLDL with LOX-1 (r: 0.921; p<0.0001) and
NF-kB (: 0.712; p<0.0001) in patients with COVID-19 disease. The TC
scanning of these patients was evaluated and no correlation was found
between the change in TC and biomarker levels.

In the subgroups formed according to disease severity, LOX-1 levels
in patients with severe pneumonia were found to be statistically
significantly higher than both uncomplicated COVID-19 patients
(p<0.01) and mild-moderate pneumonia patients (p<0.05). While
oxLDL levels were found to be higher in patients with severe pneumonia
than only uncomplicated COVID-19 patients (p <0.05), no significant
difference was found between NF-kB values according to disease
severity. In Ex patients, LOX-1, NF-kB, and oxLDL levels were all found
to be higher compared to the healed patients (p <0.05 for all), (Table 6).

ROC analysis results for important biochemical parameters showed
that all three parameters (LOX-1, NF-kB, and oxLDL) had high
discrimination power from patients with COVID-19 (Figure 2).
Accordingly, LOX-1 was found to be the parameter with the lowest
discrimination power (AUC: 0.787, CI: 0.722-0.852; sensitivity: 88%;
and specificity: 62%, for cutoft: 1.93 ng/ml), while the parameter with
the highest discrimination power was oxLDL (AUC: 0.26, CI: 0.892—
0.961; sensitivity: 81%; and specificity: 87%, for cutoff: 124.38 ng/I)
(Table 7).

Discussion

To the best of our knowledge, this is the first report to showing
changes in three key parameters as NF-kB, oxLDL, and LOX-1 in
systemic oxidative stress using an analysis of multiple biomarkers in
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Dot graphs of population age distribution.

TABLE 1 Demographic data and clinical data results at admission to

hospital.
Parameters COVID-19 Healthy

subjects

(n=100)

(n=100)

Gender female/male 32 (32%) / 68 (68%) 31 (31%) /69 (69%) 0.879
(1, %)

Age (year) 55.96+13.74 54.50+15.68 0.138
(mean +SD)

DBP (mmHg) 71.74+13.51 77.08+£13.23 0.692
(mean +SD)

SBP (mmHg) 127.34+£28.60 132.67 £34.06 0.120
(mean +SD)

SO, (%) (mean +SD) 91.52+9.18 92.65+5.67 0.594
PCR results negative/ 67 (67%) / 33 (33%) 100 (100%)/0 (0%) 0.000
positive (1, %)

Radiological findings 0(0%)/100 (100%) 100 (100%)/0 (0%) 0.000
negative/positive

(1, %)

Survive status 5 (5%)/95 (95%) 0 (0%)/100 (100%) 0.066
Ex/healed (n, %)

Categorical data (gender, PCR results, radiological findings, survive status) were analyzed with
the Chi-square test. Student’s t-test was used to compare the means between the two groups
(COVID-19 and healthy subjects) for other parameters (age, SBP, and SO2). Bold p values
express statistically significant.

COVID-19 patients. We believe that oxidative stress plays an important
role in the pathological development of COVID-19.

The most important contributions of the laboratory findings are
that they give an idea about the staging, prognosis, and therapeutic
monitoring of COVID-19. Many laboratory tests can be very helpful
in determining the severity of the disease and in determining the
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TABLE 2 Clinical parameters of the COVID-19 patients.

Value Range

Duration of disease, days 8 2-15
Fever, n (%) 84 (84)

Cough, 1 (%) 79 (79)

Loss of smell and taste, n (%) 17 (17)

Dyspnea, 1 (%) 55 (55)

Respiratory distress, 1 (%) 26 (26)

Diarrhea, n (%) 5(5)

Common body pain 14 (14)

Myalgia, n (%) 8(8)

Headache, n (%) 7(7)

risk of development of ARDS, disseminated intravascular
coagulation (DIC), and multiple organ failure (1, 2). Biochemical
monitoring of COVID-19 patients with in vitro diagnostic tests is
crucial for assessing disease diagnosis, severity, and progression, as
well as monitoring therapeutic intervention. In addition to the
laboratory tests commonly used in routine, new evidence suggests
that serious COVID-19 patients may be at risk for cytokine storm
syndrome. Defining laboratory tests that will contribute to the
diagnosis and follow-up of COVID-19 patients is very important to
distinguish between severe and non-severe cases, and to identify
those with low or high mortality risk, in addition to the stage
of diagnosis.

We examine the biochemical events that characterize the
progression of COVID-19 in relation to three markers sensitive to
increased ROS as possible candidates in the of NF-xB, oxLDL, and
LOX-1. NF-kB is a transcription factor, oxLDL is a critical factor in
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TABLE 3 Hematological parameters of the subjects included in examined

groups.

Parameters

COVID-19

(mean+SD)

Healthy
subjects
(mean+SD)

RBC (x10%/pL) 4.31+0.80 3.93+0.82 0.923
HGB (g/dL) 12.03+2.15 11.06+2.15 0.724
Hct (%) 36.84+5.68 35.09+5.97 0.794
PLT (x10%/pL) 216.41+114.90 197.95+110.86 0.588
Neut (x10°/L) 68.63+20.22 70.68+18.93 0.636
Lymph (x10°/L) 19.47+13.92 19.88+16.82 0.213
MONO (x10%/pL) 8.61+5.09 8.21+6.41 0.186
EOS (x10%/pL) 1.04+2.45 0.87+1.24 0.377
ESR (mm/h) 15.55+7.21 13.46+ 4.45 0.730

RBC, red blood cell; HGB, hemoglobin; Hct, hematocrit; PLT, platelet; Neut, neutrophil;
Lymph, lymphocyte; MONO: monocyte; EOS: eosinophil; ESR: erythrocyte sedimentation rate.
Student’s t-test was used to compare the means between the two groups (COVID-19 and
healthy subjects) for all parameters.

atherogenesis, and LOX-1 is the major receptor for oxLDL in human
endothelial cells.

Stimuli that increase LOX-1 expression are cytokines, interferon-V
(IFN-V), oxLDL and other modified lipoproteins, free radicals, TNF-a,
interleukin (IL-1f), TGF-P1, superoxide anion hydrogen peroxide
(H,0,), 8-isoprostoglandin F2-a, and lysophosphatidylcholine (7, 12-
14). Macrophages trained by oxLDL encounter large amounts of
oxidized lipids in the infected areas and exhibit greater oxidized lipid
uptake, leading to transient lipid depletion (8).

In COVID-19, thrombosis occurs because of blood clotting, causing
blockages in the heart, lungs and vessels. Thrombotic events occur very
frequently in intensive care patients for a variety of reasons. Chemokines
(E, P selectin), intracellular adhesion molecule-1 (ICAM-1), and
vascular cell adhesion molecule-1 (VCAM-1) by activation of NF-kB
because of stimulation of vascular cells by binding oxLDL to LOX-1 lead
to increased expression of granulocyte and macrophage colony-
stimulating factors and monocyte chemotactic protein-1 (MCP1),
leading to proatherogenic effects (7).

In SARS-CoV-infected macrophages, NF-kB is activated by the
CARD9-BCL10 (Caspase recruitment domain family member 9-B-cell
lymphoma/leukemia 10) module and triggers the major inflammatory
adapter protein apoptosis-associated speck-like protein containing a
caspase recruitment domains (ASC) (15). Reactive oxygen and nitrogen
species are also a signaling molecule responsible for the release of
pro-inflammatory cytokines. In particular, it activates redox-sensitive
transcription factors such as NF-kB, which play a key role in
inflammation (16). Oral and intravenous glutathione (GSH), GSH
precursor N-acetyl-cysteine (NAC), and alpha lipoic acid (ALA) are
known to block NF-kB. These molecules are new treatment approaches
used for respiratory distress and cytokine storm syndrome in COVID-19
pneumonia (17). In current study, all three parameters LOX-1, NF-kB,
and oxLDL were found to be higher in COVID-19 patients compared to
the healthy subjects. Moreover, there were significant relationship
between oxLDL with LOX-1 and NF-kB in patients with COVID-19
disease. At the same time, no significant difference was found between
the groups in total-cholesterol, HDL-cholesterol, and LDL-cholesterol
levels. Interestingly, Hu et al. (9) showed that serum lipid levels,
especially total-cholesterol, HDL-cholesterol, and LDL-cholesterol, were
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significantly lower in patients with COVID-19 infection. In fact, up to
90% of circulating oxLDL can be found in oxLDL immune complexes
(0xLICs). Preparation of OxLIC-mediated inflammatory signalosomes
in macrophages is dependent on CARD?9. It is a critical adapter protein
and a central integrator in innate immune cell activation that triggers
the inflammatory signaling pathway in response to viral infection.
CARD?9 signalosome, a triple protein complex consisting of CARD9Y,
BCLI10, and MALT1 (CBM complex), leads to the activation of NF-xB
and mitogen activated protein kinase (MAPK) signaling result in
up-regulation of several cytokines and chemokines (10). Wei et al. (18)
reported that the development of hypolipidemia started in patients with
mild symptoms and gradually worsened in relation to the severity of the
disease. Acute inflammation caused by SARS-COV-2 alters lipid
metabolism. Pro-inflammatory cytokines such as TNF- =+, IL-6, and
IL-1f have been reported to modulate lipid metabolism by altering liver
function and reducing cholesterol influx and transport. It was reported
that IL-6 increased dramatically in 96% of all patients. They
demonstrated that pro-inflammatory cytokines such as IL-6 are a
significant contributor to lipid abnormalities in patients. This strongly
suggests that pro-inflammatory cytokines such as IL-6 are a significant
contributor to lipid abnormalities in patients. Lipids are highly
vulnerable to the degradation of free radicals, which are usually raised
in host cells with a viral infection (19). Assignment of oxLDL in the
serum of patients will be required to determine this possibility.

Pincemail et al. (20) have recently proven that systemic oxidative
stress increases lipid peroxidation in critically ill COVID-19 patients, as
well as deficiencies in some antioxidants (vitamin C, glutathione, and
thiol proteins) and trace elements (selenium). Strong positive
correlations between lipid peroxides and Cu and the negative correlation
between y-tocopherol and Cu highlighted the role played by copper in
increased oxidative stress in COVID-19 patients. Oxidative stress is
increased in patients with COVID-19 and is associated with
mortality (21).

LOX-1 levels were found to be higher in patients with severe
pneumonia compared to both uncomplicated COVID-19 patients and
patients with mild to moderate pneumonia, while oxLDL levels were
found to be higher in patients with severe pneumonia than in patients
with only uncomplicated COVID-19. At the same time, in Ex patients,
LOX-1, NF-kB, and oxLDL levels were all found to be higher compared
to the healed patients. NF-kB, oxLDL, and LOX-1 levels are independent
risk factors in determining the prognosis of COVID-19. COVID-19is a
disease whose activity is still very high and continues to spread rapidly.
Scientists continue to search for markers that can help with the early
detection and prognosis of this disease. The results of our study are
consistent with studies reporting that oxidative stress markers are
significantly increased in COVID-19 patients (22, 23). We think that the
biochemical parameters mentioned in our study are important in
determining the prognosis of the disease and may be beneficial, together
with other risk factors, in terms of the need for transfer to the intensive
care unit after the initial evaluation of the patients in the emergency unit
(24-26).

In general, increased oxidative stress with all symptoms in patients
diagnosed with COVID-19; may cause an increase in the symptoms of
this chronic disease in individuals with other chronic diseases. This may
cause the progression of COVID-19 in individuals to be severe and
heavy. Accordingly, it has been predicted that supplementing diagnosed
COVID-19 patients with strong antioxidant substances may have a
protective effect. For example, ginger extract is a wealthy source of
antioxidants and can be used to prevent the glycation and oxidative
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TABLE 4 Biochemical parameters of the subjects included in the study.

10.3389/fmed.2023.1041115

Parameters COVID-19 (mean+SD) Healthy subjects (mean+SD) p
Glucose (mg/dL) 138.45+£92.67 135.35+£78.89 0.739
Urea (mg/dL) 52.83+42.49 42.83+£30.45 0.356
Creatinine (mg/dL) 1.45+1.45 1.23+0.37 0.794
Total cholesterol (mg/dL) 164.35+33.45 154.73+£35.63 0.346
HDL (mg/dL) 59.54+12.54 64.45+13.23 0.468
LDL (mg/dL) 122.58 £22.34 120.34+16.23 0.677
Triglyceride (mg/dL) 106.6 £22.54 102.24+£24.45 0.455
Total protein (g/dL) 7.02+0.89 7.23+3.25 0.623
Albumin (g/dL) 3.12+0.37 3.14+0.67 0.938
T. bilirubin (mg/dL) 0.74+0.81 0.80£0.73 0.603
D. bilirubin (mg/dL) 0.34+0.52 0.32+£0.42 0.893
CRP (mg/L) 7.54+6.89 6.63£6.12 0.235
Na (mmol/L) 137.19+4.74 136.45+5.25 0.412
K (mmol/L) 4.35+1.26 4.63+£0.73 0.473
Cl (mmol/L) 100.63 £5.29 101.83+£4.03 0.711
AST (U/L) 48.82+41.86 45.92+45.23 0.814
ALT (U/L) 45.38+41.59 45.42+41.23 0.729
LDH (U/L) 356.86+193.64 351.54+205.57 0.913
ALP (U/L) 157.79+168.97 134.87 +£146.46 0.529
GGT (U/L) 133.56+94.89 85.46+44.98 0.286
CK (U/L) 538.97+125.56 163.98+£162.68 0.292
CK-MB (U/L) 1.67+3.16 1.84+1.48 0.793
Ferritin (ng/mL) 1303.06 +£4882.87 685.02+£757.04 0.090
Troponin T (pg/L) 0.05+0.11 0.06+0.12 0.923
PT (s) 13.7142.25 13.72+1.68 0.996
APTT (s) 25.28+4.34 23.23+£3.80 0.334
Fibrinogen (mg/dL) 541+132 525+159 0.612
D-Dimer (mg/dL) 3.23+6.23 3.01+£3.78 0.656
NT-ProBNP (pg/mL) 2388.85+7843.63 3391.15+7000.45 0.476
PCT (ng/mL) 0.21£0.20 0.23+0.01 0.878

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine kinase; CK-MB, creatine kinase-MB; LDH, lactate dehydrogenase; ALP, alkaline Phosphatase; GGT, gamma-glutamyl

transferase; NT-Pro-BNP, N-terminal pro-Brain natriuretic peptide; Na, sodium;

K, potassium; Cl, chlorine; CRP, C-reactive protein; PT, prothrombin time; APTT, activated partial thromboplastin time; HDL, high density lipoprotein; LDL, low density lipoprotein; PCT,
procalcitonin. Student’s ¢-test was used to compare the means between the two groups (COVID-19 and healthy subjects) for other parameters.

stress-induced damage of biomolecules in various health complications
including inflammation (27). In many studies, the administration of
various antioxidants as both prophylactic and therapeutic support to
COVID-19 patients has been shown to reduce their symptoms
(17, 28-47).

In the current study, 33 patients (33%) had positive RT-PCR results,
67 patients (67%) had negative RT-PCR results, and thorax CT results
of all 89 patients were typically compatible with COVID-19 pneumonia.
Combined pharyngeal and nasopharyngeal swab (RT-PCR) tests may
be negative, especially in the early phase of the disease or when the viral
load is low, and CT plays an important role in the diagnosis of
COVID-19 during this period. The sensitivity of CT in the diagnosis of
COVID-19 was found to be 98%, while the sensitivity of RT PCR, which
is the gold standard diagnostic test, was found to be 71% in the early
period (11). Although RT-PCR test is the gold standard for the diagnosis
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of COVID-19, chest X-ray and CT have an important role in the
diagnosis, follow-up, and staging of pneumonia (48, 49).

Although our study has strengths, it has some limitations. However, as
can be seen in the results we presented, we see that the presence or absence
of each of these comorbid diseases does not cause a change in NF-kB,
oxLDL, and LOX-1 levels, which are the main parameters of our study. The
limitation of this study is the small number of the patients included in a
single center. We used a convenience sample which may increase the risk
of selection bias. Our study did not allow us to conclude whether increased
oxidative stress could be directly attributed to COVID-19 disease.

NF-kB, oxLDL, and LOX-1 seem to represent good markers in
COVID-19. Oxidative stress may play a critical role in the development
of COVID-19 disease and of damage to the COVID-19 patients. Our
study also showed that oxLDL has the highest power in distinguishing
patients with COVID-19 from healthy subjects. Since increased
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TABLE 5 Oxidative stress-related biomarkers of the subjects included in the study.

COVID-19 (mean+SD)

Healthy subjects (mean+SD)

Age<50 Age>50 Age<50 Age>50
LOX-1(ng/ = 3.70%3.82 3.94+3.86 3.86+3.82 2.70+1.43 3.16+1.68 2.94+1.56 0.000
mL)
NF-kB (pg/ | 1244.57+1699.47 1141.92+1425.38 1176.94+1515.07 564.78+220.74 553.94+222.28 559.15+219.43 0.000
mL)
oxLDL 131.13+12.20 133.16+12.06 132.47 +12.07 121.23+15.95 113.16+20.15 117.04+18.53 0.000
(ng/L)

NF-kB, nuclear factor kappa B; oxLDL, oxidized LDL; LOX-1, lectin-like oxidized-LDL receptor-1. Student’s ¢-test was used to compare the means between the two groups (COVID-19 and healthy

subjects) for other parameters. Bold text expresses statistically significant.

TABLE 6 Oxidative stress-related biomarkers of the subgroups according to
severity grading and survival status.

Parameters LOX-1 NF-xB (pg/ oxLDL
groups (ng/ml) ml) (ng/L)
Severity grading

Uncomplicated 6.62+2.72 900.16 £570.23 130.21+16.35
(n=25)

Mild-moderate 6.92+1.75 983.92+511.92 134.83+11.12
pneumonia (n=>55)

Severe pneumonia 7.93+0.96 1018.00 £935.60 138.10+7.18 a*
(n=20) a®# b

Survival status

Healed (n=95) 533+1.82 593.28 +£144.82 116.71+14.94
Ex (n=5) 7.21+1.56 c* 1007.86 +£793.67 c* 133.61+11.98 c*

Three subgroups were formed according to the disease severity rating. One-way ANOVA test
was used to compare the three groups and Tukey test was used as post-hoc test. Two subgroups
were formed for survival status and statistical analyzes were performed with Mann-Whitney
test. a means versus uncomplicated; b means versus mild-moderate pneumonia; ¢ means versus
healed; *p <0.05; #*p <0.01; #*¥p <0.001.
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FIGURE 2
Diagnostic criteria of ROC curve for selected parameters in COVID-19.

TABLE 7 Cutoff values, sensitivity and specificity values by ROC analysis for LOX-1, NF-kB and ox-LDL values indicating COVID-19.

Variables AUC Std. error p Asymptotic 95% ClI Positive if Sensitivity Specificity
reater
Lower Upper J
b d b d than or
oun oun equal to

LOX-1 0.787 0.033 0.000 0.722 0.852 2.116 88% 62%
NF-kB 0.864 0.025 0.000 0.815 0.914 476.26 97% 63%
oxLDL 0.926 0.018 0.000 0.892 0.961 124.38 81% 87%

NF-kB, nuclear factor kappa B; oxLDL, oxidized LDL; LOX-1, lectin-like oxidized-LDL receptor-1.

oxidative stress was observed in patients who died compared to those
who recovered, we think that the use of NF-xB, oxLDL, and LOX-1
levels at the onset of COVID-19 disease is a valuable starting point for
the general assessment of oxidative stress, and thus provides better triage
for patients in terms of disease severity. Antibiotics are produced and
fought against bacteria, but the battle against viruses must be very
different. At this point, the strongest weapon is the immune system.
Because viruses undergo mutations and can appear in different masks.
According to these results, it was predicted that supplementation with
strong antioxidant substances may have a protective effect in diagnosed
COVID-19 patients. The levels of these biomolecules can guide future
patient-targeted therapies in clinical practice.
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