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Purpose: Oxidative stress (OS) and inflammation are pivotal points in the pathophysiology of coronavirus disease-2019 (COVID-19).
This study aims to use routine laboratory and oxidative stress/antioxidative biomarkers as predictors for the mortality of the disease.
Patients and Methods: This prospective cohort study, made up of 120 COVID-19 patients from emergency units in Erbil, Duhok,
Kirkuk, and Sulaymaniyah cities in Iraq, from May the 1°' to May the 30™, 2021, and 60 healthy controls (HCs) (n = 60). The patients
were re-categorized into mild (n = 54), severe (n = 40), and critical (n = 26) groups based on the clinical criteria. Following admission
to the hospital, blood was directly collected for measuring routine laboratory biomarkers.

Results: Neutrophils and neutrophil/lymphocyte ratio (NLR) were higher in the critical group, while lymphocytes were lower in the
severe and critical groups compared to the mild group. The CRP, ferritin, and D-dimer values were more elevated in severe and critical
cases than in mild COVID-19 cases. The levels of malondialdehyde (MDA), nitric oxide (NO), and copper were elevated, while the
superoxide dismutase (SOD) activity level and total antioxidant capacity (TAC) level were lower. However, vitamin C, glutathione
peroxidase (GPx), and catalase activity levels were not changed in the COVID-19 groups compared to the HCs. NO and ferritin were
predictors of ICU hospitalization; D-dimer, MDA, and NLR were predictors of mortality. NO, and NLR were predictors of SpO,
depression. Moreover, NO, and copper have both good diagnostic values, their cutoffs were 39.01 and 11.93, respectively.
Conclusion: There is an association between immune dysregulation and oxidative imbalance. The biomarkers, that could be
considered as predictors for the severity and mortality of COVID-19, are the NLR, NO, ferritin, and D-dimer. The age equal to and
older than 50 has a poor prognosis in the Kurdish population.
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Introduction

In December 2019 in the Wuhan region of China, several patients were reported with respiratory alterations because of
the new beta coronavirus, known as severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2)." This highly
contagious virus has already spread to a growing number of countries, and this new disease coronavirus disease-2019
(COVID-19) was declared a pandemic by the World Health Organization on March 11, 2020.> The disease could be
asymptomatic or generate mild, severe, or critical symptoms.”

Clinical laboratory parameters have been a fundamental part of classifying the severity and prognosis of COVID-19
including very high levels of D-dimer, ferritin, and C-reactive protein (CRP) along with the decreased systolic blood
pressure and oxygen saturation (SpOz).4 Therefore, the consultants suggest intense monitoring of SpO, in COVID-19
patients and when it falls below 94%, the supplementation of oxygen is recommended.” Therefore, blood gas values are
promising biomarkers for COVID-19 diagnosis and prognosis.°
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A key stage in the diagnosis and prognosis of COVID-19 is the examination of routine laboratory biomarkers.””
Furthermore, alterations in blood values such as neutrophilia, lymphopenia, and high neutrophil/lymphocyte ratio (NLR)
were also common among COVID-19 patients.'” Hence, the neutrophil-to-lymphocyte ratio (NLR) is utilized as an
inflammatory biomarker."!

Factors such as age and sex have been recognized as the primary predictors of COVID-19 severity and mortality.'*'?
Likewise, comorbidities such as obesity, epilepsy, dementia, diabetes mellitus (DM), and hypertension (HTN) are
associated with COVID-19 mortality.'*'> In the severe form of COVID-19, the immune system cells produce more
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proinflammatory cytokines, which results in a cytokine storm (CS). The latter is linked to a redox metabolism imbalance,
leading to increased oxidative molecular damage, reduced antioxidant bioavailability, modulation of signal transduction
pathways, and alteration of gene expression. Consequently, the accelerated progression of systemic inflammatory
response and multi-organ failure.'®

It is known that the oxidant-antioxidant balance is an important mechanism for homeostasis in an organism. Oxidative
stress (OS) is characterized by an increase in the level of oxidants and/or a decrease in antioxidant capacity and is
postulated to occur when an imbalance shifts towards oxidants.'” One of the pathophysiologies of SARS-CoV-2 infection
is thought to be an imbalance of OS and antioxidant status.'®

The OS effects of COVID-19 can be revealed by measuring OS biomarkers with antioxidants. One of the vital OS
biomarkers is malondialdehyde (MDA), a metabolite that emerges from lipid peroxidation, and Nitric oxide (NO), which
is a product of free radicals and that could act as a vasodilator.'">*° The damaging effects of OS can be reversed by
antioxidants. There are two groups of antioxidants: enzymatic and non-enzymatic. The enzymatic antioxidants include
superoxide dismutase (SOD) that scavenges superoxide anion (O, ) levels, and glutathione peroxidase (GPx) which
catalyzes the reduction of H,O, or lipoperoxide (L-OOH) to water and alcohol, respectively.?! Catalase, like GPx, is
responsible for eliminating H,O, but it acts in the presence of high concentrations of H,0,.>*?* However, the non-
enzymatic antioxidants include vitamin C, and metallic ions (copper and zinc). Copper and zinc incorporate into SOD-1,
while vitamin C protects the lipid membranes from peroxidation, through the regeneration of the active form of
vitamin E.**

Several studies have stated the high level of OS and deficient antioxidant biomarkers in COVID-19 patients.”> %’
However, these investigations do not provide adequate justification for the use of antioxidant parameters as diagnostic
and prognostic biomarkers. Therefore, the goals of the current study are to determine the impact of OS on COVID-19
sufferers through the measurement of hematological, inflammatory, coagulation, and oxidative/antioxidant biomarkers.
The utilization of these biomarkers as predictors for diagnosis, prognosis, and their association with severity and
mortality are also under the scope of this study.

Materials and Methods

Patients

This multicenter prospective cohort study was carried out from May the 1st until May the 30th, 2021. There are 180
participants included in this study categorized into 60 healthy controls (HCs) (26 males and 34 females) and 120
COVID-19 patients (60 males and 60 females), as it’s shown in Table 1. The latter, who attended the hospital’s
emergency departments in Erbil, Duhok, Kirkuk, and Sulaymaniyah in Iraq, had symptoms compatible with a SARS-
CoV-2 infection. A swab of the nose and mouth was taken and the results were confirmed by RT-PCR, which detected
SARS-CoV-2. Moreover, COVID-19 participants were distributed into three subgroups, including mild group (n = 54),
severe group (n = 40), and critical group (n = 26) following Chinese regulations with minor alteration.”®*° However, the
Chinese regulation protocol divided COVID-19 patients into mild, moderate, severe, and critical groups, while the
current study combined mild and moderate groups into mild group. According to Chinese regulation protocol, mild cases
either do not exhibit pneumonia or exhibit mild pneumonia; severe cases manifest pneumonia characterized by shortness
of breath and their SpO,< 93 and critical patients suffer from respiratory failure, septic shock, or multiple organ failure.?
All patients in the critical group died in the hospital during the thirty-day follow-up. Furthermore, all COVID-19 patients
were non-vaccinated against COVID-19 disease, and the patients were not involved in any therapeutic intervention. The
exclusion criteria for patients included a lack of access to clinical information and the absence of any laboratory
parameters included in this study. Patients who used drugs before being admitted to the hospital were also excluded.

Sample and Data Collection

All participants underwent a blood sample collection at the time of admission before taking any drugs. The phlebotomy
was performed, and a ten-milliliters syringe was used for drawing venous blood and then placing it in serum separator
tube (SST), sodium citrate, and ethylenediaminetetraacetic (EDTA) tubes. Following centrifugation of the SST and
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Table | Clinical and Demographic Characteristics of Healthy Control and COVID-19 Patients

Parameters HCs Median (IQR) COVID-19 Patients Median (IQR)
n 60 120

Age 37.00 (26.00 —47.00) 47.50 (35.50-55.00)
Gender

Male 26 (43.33%) 60 (50%)

Female 34 (56.67%) 60 (50%)

Require ICU hospitalization

Yes 66 (55%)

No 54 (45%)

Death

Yes 26 (27.69%)

No 94 (72.31%)
Comorbidities 42

HTN 18 (42.85%)

DM 8 (19.05%)

Cancer 2 (4.76%)

Multiple comorbidities 10 (23.81%)

Other diseases 4 (9.53%)

Abbreviations: COVID-19, coronavirus disease-2019; DM, diabetes mellitus; HCs, healthy controls; HTN, hypertension;
ICU, intensive care unit; IQR, Interquartile range; n, number of participants.

sodium citrate tubes at 3000 rpm for 15 minutes to separate the serum and plasma, an aliquot was taken and placed into
Eppendorf tubes to be kept at =20 °C until further analysis. The blood in the EDTA tube was immediately utilized for
measuring the complete blood count. Demographic data, medical history, and comorbidities were obtained from the
hospital’s data management system. All participants were carefully monitored from the time they were admitted until the
end of the study. The follow-up was scheduled at regular times, and survival time in this study was the duration starting
from the time of admission to the time of death (for non-survivors) or the time of discharge (for survivors).

Methods for Measurement of Parameters

Measurement of Routine Laboratory Parameters

The laboratory parameters were measured as follows; D-dimer and CRP were determined by Cobas c311 (Roche,
Germany), while Ferritin measurement was achieved by COBAS e411 (Roche, Germany). Additionally, lymphocytes and
neutrophils were measured by Beckman Coulter and SpO, was measured by a Masimo pulse oximeter.

Measurement of Oxidative Stress Biomarkers

Measurement of serum MDA was done by spectrometric calculations.*® The principle of MDA is based on the formation
of lipid peroxidation; first, it reacts with thiobarbituric acid (TBA) to form a measurable MDA-TBA compound. In the
test tube, a working solution was prepared by adding 150 pL of serum with 1 mL of 17.5% trichloroacetic acid (TCA),
then 1 mL of 0.66% TBA was added to the working solution. After mixing and vortexing for 1-2 minutes, the samples
were put into a water bath and boiled at 95 °C for 45 minutes. Thereafter, the samples were cooled at room temperature
and consequently,ImL of 70% TCA was added to the mixture. After that, it was centrifuged for 15 minutes at 3000 rpm.
The pink-colored supernatant was then read at 532 nm by the spectrometer and the absorbance was converted into
concentration.

To determine serum NO concentration, the Griess reaction was used, which was first reported by Griess.*' The half-
life of NO is very short; therefore, the NO level was difficult to measure, hence it was converted to nitrite NO, and nitrate
(NO3); the measurement of total NO, and NO; concentration was the reflection of NO concentrations in this study.
According to the manufacturer procedure, salts of transient diazonium in an acidic medium will be formed after treatment

of NO, with a diazotizing reagent, eg, sulfanilamide. To form a stable azo compound, this salt undergoes a reaction with
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the coupling reagent N-naphthyl-ethylenediamine (NNED). An intense purple color was formed, and its absorbance was
measured at 540 nm, which directly corresponds to NO; concentration.*

Measurement of Antioxidative Stress Biomarkers
Determination of serum SOD activity was performed through the concept given by the scientists In which quercetin
undergoes oxidation by 0,.>** Standard solutions were prepared by adding 0.8 mM tetramethylethylenediamine
(TMEDA) and 0.08 mM EDTA together in a clean tube of buffer solution (pH = 9) containing 16 mM potassium
sulfate. Then, 100 pL of serum and 20 pL of quercetin were added together, and after 20 minutes, the optical density was
measured by a spectrophotometer at 406 nm.

Trace minerals (zinc and copper) were measured colorimetrically according to the manufacturer’s instructions
(Randox, UK). The measurements of Vitamin C, catalase activity, GPx activity, and TAC were achieved after following
the steps of the manufacturer (Elabscience, USA).

Statistical Analysis
The SPSS 28 (IBM, USA), GraphPad Prism 9 (GraphPad Software, Inc., USA), and MedCalc 20 (MedCalc Software, Ltd.,
Belgium) were used for statistical analysis and demonstrating the graphs. The data did not pass the normality tests (Shapiro—Wilk
and D’Agostino). For comparison and correlation between groups, Kruskal-Wallis and Spearman tests were utilized, respec-
tively. Dunn’s test was applied as a post-hoc test for multiple comparisons. For the prediction of the effect of parameters on
ferritin, CRP, D-dimer, and SpO,, multivariate regression was applied. COVID-19 mortality and intensive care unit (ICU)
hospitalization were studied using binary multivariate logistic regression. Regression coefficient (B) and odds ratio (OR) were
used to know the degree of association of biomarkers to mortality in the regression model. The diagnostic significance of
laboratory parameters was determined using cut-off in the ROC curve; the area under curve (AUC) of each biomarker was used
to discriminate HC from COVID-19. The predictive accuracy of biomarkers was tested by positive predictive value (PPV) and
negative predictive value (NPV).

The hazard ratio (HR) was calculated using Cox proportional-hazards regression to determine the association of
variables with mortality in COVID-19 while Kaplan-Meier was utilized for survival analysis. *p-value < 0.05,** p-value
< 0.01, *** p-value < 0.001 and **** p-value < 0.0001.

Results

Demographic Characteristics, Biochemical, and Hematological Biomarkers

Sixty HCs and 120 COVID-19 patients enrolled in this study. 43.33% of HCs were males and 56.67% of them were
females. Regarding COVID-19 patients, 50% of them were males and 50% of them were females. The median ages of
HCs and COVID-19 are 37.00 (26.00—47.00) and 47.50 (35.50-55.00), respectively. In addition, COVID-19 participants
were further sub-grouped into the “mild group” 54 (45%), “severe group” 40 (33.33%), and “critical group” 26 (21.67%).
The most frequent associated comorbidities were: HTN (42.85%), multiple comorbidities (23.81%), DM (19.05%),
cancer (4.76%), and other diseases (9.53%) (Table 1).

A significant difference (p-value<0.0001) was observed in the median age of severe and critical groups of COVID-19
patients compared to HCs; in addition, a significant difference was also observed in the median age of critical groups of
COVID-19 patients compared to the median of mild groups (Table 2, Figure 1a).

With a p-value of 0.0001, there were significant differences in the median of CRP in the severe and critical groups compared
to the HCs and mild groups (Table 2 and Figure 1b). Meanwhile, neutrophil and NLR were significantly higher in patients with
severe and critical COVID-19 compared to mild patients (p-value<0.0001) (Table 2, Figures 2a and c¢). Compared to the mild
group, lymphocytes were lower in the severe and critical groups significantly (p-value<0.0001) (Table 2 and Figure 2b). As
shown in Figures 2d and e, ferritin and D-dimer were significantly higher in patients with severe and critical COVID-19
compared to mild patients (p-value<0.0001). In addition, SpO, presented a marked decrease in the severe and critical groups
when compared to the mild group (p-value< 0.0001), but it did not show significant differences between the severe and critical
groups (Table 2 and Figure 2f).
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Table 2 Comparison of Different Parameters Among Healthy Controls and Different Groups of COVID-19 Patients

Parameters HCs Median (IQR) Mild Median (IQR) Severe Median (IQR) | Critical Median (IQR) p-value
n 60 54 40 26 -
Age 37.00 (26.00 —47.00) 40.00 (32.00-48.00) 48.00 (39.75-55.75) 55.00 (53.00-67.50) <0.0001
Gender (m/f) 26/34 30/24 22/18 8/18 -
CRP (mg/l) 0.4500 (0.330-0.790) 1.110 (0.670-2.400) 53.46 (23.89-88.53) 57.60 (45.49-82.03) <0.0001
Ferritin (ng/mL) - 312.2 (234.3-367.6) 600.0 (489.2-689.5) 689.6 (591.2-887.2) <0.0001
D-dimer - 0.3200 (0.2200-0.4900) 2.520 (1.768-18.11) 42.67 (17.78-75.47) <0.0001
Lymphocyte (1079/1) - 1.900 (1.700-2.500) 1.050 (0.825-1.700) 0.800 (0.650-1.250) <0.0001
Neutrophil (1029/1) - 7.300 (5.700-7.800) 9.850 (8.050-11.45) 14.70 (11.70-17.85) <0.0001
NLR - 3.722 (2.714-4.333) 9.976 (7.113-12.53) 15.75 (10.72-1.80) <0.0001
SpO; (%) - 95.00 (94.00-97.00) 57.50 (46.25-84.25) 45.00 (35.50-65.00) <0.0001
Copper (umol/L) 8.012 (1.321-10.06) 10.91 (3.409-17.40) 15.83 (12.27-19.41) 18.90 (12.15-27.15) <0.0001
Zinc (pg /dL) 82.71 (67.78-104.5) 52.24 (41.04-57.21) 64.67 (44.77-74.62) 55.97 (45.40-62.19) <0.0001
MDA (umol/L) 18.47 (17.58-19.89) 19.36 (14.64-21.05) 16.51 (15.51-20.76) 27.75 (21.05-36.42) <0.0001
NO (umol/L) 29.52 (24.55-34.74) 33.75 28.06-40.76) 58.71 (54.06-62.31) 78.53 (60.64-109.6) <0.0001
SOD activity (U/mL) 0.720 (1.480-0.131) 0.693 (1.043-0.133) 0.157 (0.667-0.0350) 0.570 (0.765-0.158) 0.0007
GPx activity (mU/mL) 17.96 (16.98-19.21) 18.50 (17.41-19.37) 18.28 (16.98-18.72) 20.02 (16.87-24.37) 0.097
Catalase activity (nmol / min / mL) 0.544 (1.546-0.099) 0.544 (1.542-0.105) 0.644 (1.431-0.144) 0.435 (1.220-0.120) 0.203
TAC (mmol Fe+2 /L) 0.067 (0.049-0.081) 0.05367 (0.044-0.060) 0.051 (0.018-0.068) 0.059 (0.040-0.067) 0.030
Vitamin C (ug/mL) 32.15 (27.92-36.86) 33.80 (25.17-40.40) 35.31 (25.85-39.27) 32.97 (26.23_38.54) 0916

Notes: The Kruskal-Wallis test was used for comparison between groups. Dunn’s multiple comparisons test was applied as post-hoc test. A p-value of less than 0.05
was considered statistically significant.

Abbreviations: CRP, C-reactive protein; D-dimer, fibrin degradation product; GPx, glutathione peroxidase; HCs, healthy controls; IQR, Interquartile range; MDA,
malondialdehyde; n, number of participants; NO, nitric oxide; NLR, neutrophil/lymphocyte ratio; SOD, superoxide dismutase; SpO,, oxygen saturation; TAC, total
antioxidant capacity.

Evaluating Oxidative Stress Biomarkers Among Studied Groups

COVID-19 patients who were in critical groups had higher median concentrations of MDA than HCs, mild, and severe
groups (p<0.0001) (Table 2 and Figure 3a). Non-significant differences in the median of NO were found between HCs
and mild, severe, and critical groups; by contrast, significant differences were found for NO levels in the serum among
other groups (p<0.0001) (Table 2 and Figure 3b).
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Comparing Anti-Oxidative Biomarkers Among Studied Groups

Significant differences (p<<0.001) were observed in terms of trace elements (zinc and copper) in serum among the studied
groups. As found in Table 2 and Figure 4a, significant differences (p<<0.001) were observed in the median of zinc, which
was significantly lower in the group of COVID-19 cases with respect to the control group (82.71 (67.78-104.5)). As can
be seen in Table 2 and Figure 4b, serum levels of copper were significantly higher in mild (10.91 (3.409-17.40)), severe
(15.83 (12.27-19.41)), and critical (18.90 (12.15-27.15)) groups compared to HCs (8.012 (1.321-10.06)). Table 2 and
Figure 4c showed that there were no significant differences (p-value = 0.916) in the amount of vitamin C between the
groups that were studied (Table 2, Figure 4c).

Anti-Oxidative Enzyme Activity and TAC Among Studied Groups

Serum levels of SOD activity were significantly lower (p-value = 0.0007) in the COVID-19 patients who presented
severe and critical complications compared to HCs. Whereas non-significant differences were observed for GPx
(p-value = 0.097) and catalase (p-value = 0.203) activity among the studied groups (Table 2, Figure 5). Regarding
TAC, a significant difference (p-value = 0.030) was only found between the severe group and HCs (Table 2 and
Figure 5d).

Constructing Binary Multivariate Logistic Regression Model for Predicting ICU
Hospitalization and Death of COVID-19 Patients

The construction of the models was carried out using binary multivariate logistic regression. To select the variables that
made up the model, the “forward conditional” method was used. Model calibration was evaluated through the Hosmer-
Lemeshow goodness-of-fit test. A significance of 0.05 was taken as a reference to decide on its usefulness (if p>0.05, the
model is adequate), which means that there are no significant differences between the observed results and those
predicted by the model.

Regarding the prediction of the association of the independent variables (lymphocyte, neutrophil, ferritin, NLR, SOD,
zinc, copper, CRP, D-dimer, GPX, catalase, NO, MDA, TAC, and vitamin C) with ICU hospitalization, statistically
significant associations were observed for NO (p<0.0001, OR = 1.241) in model 1, for ferritin (p = 0.016, OR = 1.010)
and NO (p = 0.007, OR = 1.159) in model 2. The other variables did not improve the explanatory power of regression, so
they were excluded from the regression model (Table 3).

According to the data in Table 3, the explanatory variables (lymphocytes, neutrophils, ferritin, NLR, SOD, zinc,
copper, CRP, D-dimer, GPX, catalase, NO, MDA, TAC, and vitamin C) were applied to know the association of them
with the deaths of COVID-19 patients. Three models were constructed and tended to be associated with death in COVID-
19 patients: model 1 includes D-dimer (p<0.0001, OR = 1.104), model 2 includes D-dimer (p = 0.04, OR = 1.132), and

a] P<0.0001 t] (ﬂ

P<0.0001
ok ! ” NS

]
b T 1
200 PR N i I T I

11 NS

é%g

Mlld Severe Crltlcal Mlld Severe Crltlcal

60=

:é%e%

HC Mlld Severe Crltlcal

-

12

o
L

Vitamin C (pg/mL)

Zinc (pg /dL)
g B
1} L
Copper (pmol/L)
- N
Il 1

Figure 4 Comparison of trace minerals and vitamin C biomarkers among HCs and groups of COVID-19 patients. Kruskal-Wallis test was used for the comparison of (a)
Zinc; (b) Copper and (c) Vitamin C. Dunn’s test was applied as a post-hoc test for multiple comparisons. *p-value < 0.05, ** p-value < 0.01, and **** p-value < 0.0001.
Abbreviations: HCs, healthy controls; NS, non-significant.
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Figure 5 Comparison of antioxidant enzyme activity and TAC among HCs and groups of COVID-19 patients. The Kruskal-Wallis test was used for the comparison of (a)
SOD activity; (b) GPx activity; (c) Catalase activity and (d) TAC. Dunn’s test was applied as a post-hoc test for multiple comparisons. *p-value < 0.05 and ** p-value < 0.01.
Abbreviations: GPx, glutathione peroxidase; HCs, healthy controls; NS, non-significant; SOD, superoxide dismutase; TAC, total antioxidant capacity.

MDA (p = 0.01, OR = 1.365) and model 3 includes D-dimer (p = 0.296, OR = 1.133), MDA (p = 0.481, OR = 3.356),
and NLR (p =0.497, OR = 3.196). The other variables did not improve the explanatory power of regression, so they were

excluded from the regression model. Even though D-dimer has a significant association with mortality in models 1 and 2,

it is a poor predictor of mortality because its OR is slightly greater than one.

Table 3 Binary Multivariate Logistic Regression Analysis for ICU Hospitalization and Death

Dependent Variables | Models | Independent Variables B OR P-value
ICU Model | NO 0.216 | 1.241 <0.0001
Model 2 Ferritin 0.010 | 1.010 0.016
NO 0.148 | 1.159 0.007
Death Model | D-dimer 0.099 | 1.104 <0.0001
Model 2 D-dimer 0.124 | 1.132 0.004
MDA 0.311 | 1.365 0.010
Model 3 NLR 1.162 | 3.196 0.497
D-dimer 0.125 | 1.133 0.296
MDA 1.211 | 3.356 0.48l

Notes: Binary multivariate logistic regression was used for utilizing those variables (Lymphocyte, neutrophil,
Ferritin, NLR, SOD, zinc, copper; CRP, D-dimer, GPX, Catalase, NO, MDA, TAC, and Vitamin C) as predictors
for ICU hospitalization and Death (non-survival) in COVID-19 patients. The forward conditional method was
applied to exclude variables that were no associated with Dependent Variables. A p-value of less than 0.05 was
considered statistically significant.
Abbreviations: B, regression coefficient; D-dimer, fibrin degradation product; ICU, intensive care unit; MDA,
malondialdehyde; NO, nitric oxide; NLR, neutrophil/lymphocyte ratio; OR, odds ratio.
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Multivariate Regression Analysis for CRP, Ferritin, D-Dimer, and SpO,

Multivariate regression was used to build the models, and the “stepwise” method was utilized to choose the variables that
went into the models and acted as predictors. The calibration of the model was checked by looking for if the related
variables had multicollinearity (tolerance and variance inflation factor (VIF)).

The independent variables (lymphocyte, neutrophil, NLR, SOD, zinc, copper, D-dimer, GPx, catalase, NO, MDA,
TAC, and Vitamin C) were used to determine their relationship with the dependent variables including ferritin, CRP,
D-dimer, and SpO,. As seen in Table 4, neutrophil, NLR, and NO act as predictors for increasing CRP (B=7.814,
P<0.0001), ferritin (B=23.476, P<0.0001), and D-dimer (B=0.629, P<0.0001), respectively. NLR (B = —2.543, P<0.0001)
in model 1 and NLR (B =—1.928, P<0.0001) and NO (B = —0.229, P=0.040) in model 2 act as predictors for depression
of SpO, in COVID-19 patients. The variables that did not improve the model were excluded from the regression
equation. In model 1, the regression coefficient for NLR for SpO, prediction is —2.543. (Table 3). This means that for
every unit increases in NLR, there is a 2.543 folds decrease in SpO,.

Correlation Analysis Among Variables

The Spearman correlation was done between biomarkers (lymphocytes, neutrophils, NLR, SOD, zinc, copper, GPx,
catalase, NO, MDA, TAC, vitamin C, D-dimer, CRP, and ferritin). We found that NLR and NO were significantly
associated with CRP, ferritin, and D-dimer. The detailed correlations can be seen in Table 5.

ROC Curve Analysis for Diagnosis of the Disease

In Table 6 and Figure 6, ROC curves were constructed for the diagnosis of COVID-19 patients. Area under curve (AUC)
has been reported for the diagnosis of COVID-19, which is equal to 0.903, 0.517, 0.807, 0.795, 0.827, 0.528, 0.680,
0.740, 0.579, and 0.570 for CRP, MDA, NO, zinc, copper, vitamin C, TAC, SOD, GPx and catalase, respectively.

The results also showed that the AUCs with the best performances in biomarkers were CRP, copper, and NO. They
allow us to predict the diagnosis of the disease with a sensitivity of 83.33%, 66.67%, and 70% and a specificity of
83.33%, 96.67%, and 86.67%, respectively. The cut-off values for the CRP, copper and NO levels in the serum for
diagnosis are 0.95, 39.01, and 11.93, respectively. The details of the ROC curve characteristics for other biomarkers are
shown in Table 6 and Figure 6.

Kaplan-Meier Survival and Cox-Regression Analysis for Prediction Effect of Age,
Comorbidities, and Gender on Mortality
The result was of survival analysis plotted on the Kaplan-Meier curve presented in Figure 7. Univariate cox-regression analyses

showed that age equal to or older than fifty was significantly associated with mortality (HR = 15.90, p-value = 0.0002), while
gender (HR = 0.539, p-value = 0.154) and comorbidities (HR = 1.378, p-value = 0.432) were not (Table 7).

Table 4 Multivariate Regression Analysis to Predict the Effect of Independent Variables on CRP, Ferritin,
D-Dimer, or SpO,

Dependent Variables | Models | Independent Variables B p-value | Tolerance VIF
CRP Neutrophil 7.814 | <0.0001 0311 3.214
Ferritin NLR 23.476 | <0.0001 0.458 2.184
D-dimer NO 0.629 | <0.0001 0.502 1.992
SpO, Model | NLR —2.543 | <0.0001 1.000 1.000
Model 2 NLR —1.928 | <0.0001 0.458 2.184

NO —0.229 0.040 0.502 1.992

Notes: Multivariate regression applied the independent variables (Lymphocyte, neutrophil, NLR, SOD, zinc, copper, D-dimer; GPx,
Catalase, NO, MDA, TAC and Vitamin C) to know the association of them with each of CRP, ferritin, D-dimer, or SpO, separately. The
stepwise method was applied to exclude variables that were no associated with Dependent Variables. A p-value of less than 0.05 was
considered statistically significant.

Abbreviations: B, regression coefficient; CRP, C-reactive protein; D-dimer, fibrin degradation product; NO, nitric oxide; NLR,
neutrophil/lymphocyte ratio; SpO,, oxygen saturation; VIF, variance inflation factor.
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Table 5 Correlation Analysis Among Independent Biomarkers

Independent Biomarkers (Y-Axis) | Independent Biomarkers (X-Axis) r p-value
CRP NLR 0.707 <0.0001
NO 0.603 <0.0001
Ferritin NLR 0.658 <0.0001
NO 0.541 <0.0001
MDA 0.306 <0.0001
D-dimer NLR 0.777 <0.0001
Copper 0.403 0.001
NO 0.808 <0.0001
MDA 0.277 0.032
SpO, CRP —0.646 <0.0001
Ferritin —0.724 <0.0001
D-dimer —0.746 <0.0001
NO —0.647 <0.0001
NLR —-0.760 <0.0001

Notes: The Spearman correlation was utilized. A p-value of less than 0.05 was considered statistically significant.
Abbreviations: CRP, C-reactive protein; D-dimer, fibrin degradation product; MDA, malondialdehyde; NO, nitric oxide; NLR,
neutrophil/lymphocyte ratio; r, correlation coefficient; SpO,, oxygen saturation.

Table 6 ROC Curve to Assess Diagnostic Value of Biomarkers in Patients with SARS-CoV-2

Variables | AUC 95% CI p-value | Cut-Off | Sensitivity 95% CI Specificity 95% CI PPV 95% ClI NPV 95% CI
CRP 0.903 0.822 to 0.955 | <0.0001 >0.95 8333 71.5-91.7 83.33 65.3-94.4 90.9 81.7-95.7 714 58.1-81.8
MDA 0.517 | 0.409 to 0.623 0.7865 >16.51 60.00 46.5-72.4 333 0.08-17.2 554 50.0-60.7 4.0 0.6-22.7
NO 0.807 | 0.710 to 0.882 | <0.0001 >39.01 70.00 56.8-81.2 86.67 69.3-96.2 91.3 80.6-96.4 59.1 48.9-68.5
Zinc 0.795 0.697 to 0.873 <0.0001 <7835 91.67 81.6-97.2 63.33 43.9-80.1 833 75.6-89.0 792 61.1-90.2
Copper 0.827 | 0.733 to 0.899 | <0.0001 >11.93 66.67 53.3-783 96.67 82.8-99.9 97.6 85.2-99.6 59.2 50.2-67.6
Vitamin C 0.528 | 0.420 to 0.634 0.670 >32.56 61.67 48.2-73.9 60.00 40.6-77.3 755 65.6-83.3 43.9 33.6-54.7
TAC 0.687 | 0.581 to 0.781 0.003 <0.065 81.67 69.6-90.5 5333 343-71.7 778 70.1-83.9 55.3 43.6-73.2
SOD 0.740 | 0.637 to 0.827 0.0002 <0.85 86.67 75.4-94.1 76.67 57.7-90.1 88.1 794935 742 59.4-85.0
GPx 0.579 | 0.470 to 0.682 0.2100 >18.07 61.67 48.2-73.9 56.67 37.4-745 74.0 64.4-81.8 425 32.1-53.6
Catalase 0.570 | 0.461 to 0.674 0.2700 <1.29 51.67 38.4-64.8 66.67 47.2-82.7 75.6 63.9-84.5 40.8 32.4-49.8

Notes: The ROC curve analysis was performed by MedCalc 20. A p-value of less than 0.05 was considered statistically significant.
Abbreviations: AUC, area under curve; Cl, confidence interval; CRP, C-reactive protein; GPx, glutathione peroxidase; MDA, malondialdehyde; NO, nitric oxide;
NPV, negative predictive value; PPV, positive predictive value; SOD, superoxide dismutase; TAC, total antioxidant capacity.

Discussion

The excessive response of the body’s immune system after encountering SARS-CoV-2 generates hyperinflammation
distinguished by elevated levels of free radicals and CS, which results in lung damage.*> There are several
biomarkers and models available that could be used for diagnosis, prognosis, and monitoring of COVID-19 patients,
yet few are utilizing oxidative and antioxidative biomarkers to diagnose and predict outcomes in COVID-19
patients.**

In the current study, 50 years or older COVID-19 patients were significantly associated with increased mortality. The
reason for this could be due to the presence of comorbidities in older age.*' Studies have shown that COVID-19 patients
with lymphopenia status have dysregulation of the immune response, which is responsible for the exaggeration of
a systemic inflammatory response that will be harmful to the host.**** This is in line with our study that showed
lymphopenia was the most common symptom in the severe patient group. Lymphopenia may occur due to the migration

of lymphocytes from the circulation to the lung***’

or depletion of T-lymphocytes due to the expression of inhibitor
molecules on their surfaces.*®
Our data illustrates that NLR is a predictor of SpO, depression, ICU hospitalization, and mortality of the disease. These

findings are similar to Vafadar and his colleagues that demonstrated NRL association with mortality in COVID-19,*” while
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Figure 6 ROC curve analysis of CRP and oxidative/antioxidant biomarkers for diagnosis of SARS-CoV-2 infection. The ROC curve figure was created by MedCalc 20. (a)
ROC curve for CRP, MDA, NO, zinc, copper, and vitamin C; (b) ROC curve for TAC, SOD, and GPx. The participants were divided into HCs and COVID-19 patients,
considering as status in the ROC curve analysis.

Abbreviations: CRP, C-reactive protein; GPx, glutathione peroxidase; MDA, malondialdehyde; NO, nitric oxide; SOD, superoxide dismutase; TAC, total antioxidant
capacity.
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Figure 7 Kaplan-Meier curve of (a) Age (b) Gender and (c) Comorbidities based on mortality in COVID-19 patients. 0: refers to COVID-19 patients without comorbidities,
I: refers to COVID-19 patients with comorbidities.

Yang et al'' displayed that NLR was a poor prognostic factor associated with unsatisfactory outcomes in COVID-19
patients. Therefore NLR is considered a reliable, sensitive biomarker of inflammation that interacts between the innate

. . . . 4
immune response (neutrophils) and the adaptive immune response.**

Table 7 Univariate Cox-Regression Analysis of Age, Gender and
Comorbidities for Predicting Mortality in COVID-19

Variables Models B HR Cl p-value
Age <50 years | 2.767 | 15904 | 3.72 to 67.99 0.0002
2 50 years
Gender Female —0.618 | 0539 | 0.231 to 1.260 0.154
Male
Comorbidities Yes 0.321 1.378 | 0.620 to 3.062 0.432
No

Notes: Univariate Cox-regression analysis was performed using MedCalc 20. A p-value of less
than 0.05 was considered statistically significant.
Abbreviations: B, regression coefficient; Cl, confidence interval; HR, hazard ratio.
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One of the common symptoms of COVID-19 is hyperinflammation which can be evaluated through laboratory parameters
such as CRP, ferritin, and D-dimer. The results of this study showed an elevated level of hyperinflammation parameters in
severe and critical COVID-19. Our finding is in agreement with the results of Farid et al*” who reported the elevated level of
these parameters in pneumonia rather than in asymptomatic COVID-19 patients. Recently it has been claimed that CRP is the
excellent diagnostic of inflammatory biomarkers in children with COVID-19 that suffered from the multisystem inflammatory
syndrome.”® Another study found an association between an elevated level of D-dimer, which is considered a coagulation
biomarker and an increased mortality rate in COVID-19. Soni et al’' and our data support these claims.

The current study considered ferritin as a predictor of ICU admission. This result was in concordance with the
findings of Shakaroun et al.> Oxidative imbalance in COVID-19 patients can be determined by measuring oxidative
stress biomarkers such as MDA and antioxidant biomarkers. Our study shows a higher level of MDA in the critical group

than in HCs, this is consonance with the published work by Avila-Nava et al,>> Mehri et al.”

The reason for increasing
MDA may be due to high levels of free radicals in COVID-19 that accelerate the rate of lipid peroxidation.
In the current study, the level of NO was higher in COVID-19 patients than in control subjects. However, this is not in

1.>* The role of NO depends on its concentration and site of production.”> NO

concordance with the study of Dominic et a
in small concentrations has vasodilator and antiviral properties®® while in high concentrations, acts as a precursor of free
radicals.’” Our study shows that high NO levels were associated with ICU hospitalization, depression of SpO,, and high
levels of CRP, D-dimer, and ferritin. Consequently, according to the results of the ROC curve, NO levels could be used as
a biomarker for the diagnosis of COVID-19.

Whether an imbalance in the trace minerals (copper and zinc) cause OS in SARS-CoV-2 patients remains debatable In
this study, zinc levels were lower in groups of COVID-19 patients compared to HCs. It has also been claimed that zinc is
responsible for lymphocyte development,®® so its deficiency is associated with a decrease in lymphocyte count in
COVID-19, which is in line with our study. Zinc acts as an antioxidant mineral through incorporation into antioxidant
enzymes, including SOD-1,>* so the deficiency of zinc makes the OS overwhelm the antioxidation system.

Surprisingly, a higher level of copper was found among COVID-19 in this study. This finding is contrary to the
published word by Muhammad et al®® who reported a copper deficiency in COVID-19 patients. Copper acts as an
antioxidant agent through regulation of SOD-1 activity, and it’s found that high copper levels in zinc-deficient SOD-1
play a critical role in driving OS by increasing tyrosine nitration in proteins.®' Zinc-deficient SOD-1 has exposed copper
that dysregulates the oxidative/antioxidant state through NO and peroxynitrite production.®®

This study also examines the levels of antioxidant enzyme activity (SOD, GPx, and catalase), antioxidant vitamin
(vitamin C), and other antioxidant biomarkers (TAC). Accordingly, the level of SOD was lower in severe and critical
COVID-19 patients, this finding was similar to Muhammad et al®® and Yaghoubi et al®> who found a decreased level of
SOD in COVID-19 patients. It is possible that the lowered SOD is caused by the deficiency of zinc, a vital element for
SOD-1, or it could be that the OS has become too intense for SOD to cope with.

Our data show decreased serum TAC levels in COVID-19 patients compared to healthy participants. This result
complies with the finding by Yaghoubi et al.*> The depression of TAC is caused by the persistent OS triggering by
SARS-CoV-2, making the antioxidant system overwhelmed or due to decreased levels of zinc and SOD, as confirmed by
the current study. Vitamin C levels did not change in COVID-19 patients. This finding was contrary to most papers done
on COVID-19, which reported that its level was deficient.®**> It may be that the Kurdish people’s efficient intake of
vitamin C-rich fruits keeps their vitamin C levels from being deficient during COVID-19.

One of the limitations of this study is the restricted number of analyzed samples used in this study, which limits the
evaluation of the results. Eventually, the data used in this investigation dated back to more than a year ago, when
different SARS-CoV-2 variants were prevalent worldwide, including in Iraq.®® However, the omega SARS-CoV-2 forms
are currently the most common worldwide.®” Despite evidence of the existence of an alteration of redox balance in
COVID-19, it is still required to carry out cohort studies with a larger sample size that explain the mechanism by which
the SARS-CoV-2 produces this wide range of such alterations, as well as their exact prevalence, to find effective
strategies for prevention, diagnosis, treatment, and rehabilitation of these conditions.
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Conclusion
In conclusion, our findings suggest that the oxidative and inflammatory damage induced by SARS-CoV-2 may be

a consequence of an imbalance between ROS production and antioxidant defenses. This study highlighted the significance

of NO, D-dimer, ferritin, and NLR measurements in predicting severity and mortality in COVID-19 patients. Measuring

CRP, NO, and copper levels in COVID-19 patients upon hospital admission has been shown to have considerable diagnostic

importance. Our cohort study implies that age could be a predictor of COVID-19 patient mortality.
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