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Abstract

Objective: Two critical processes in the coronavirus disease 2019 (COVID-19) pandemic
involve assessing patients’ intensive care needs and predicting disease progression during patients’
intensive care unit (ICU) stay. We aimed to evaluate oxidative stress marker status at ICU
admission and ICU discharge status in patients with COVID-19.

Methods: We included patients in a tertiary referral center ICU during June-December 2020.
Scores of Acute Physiology and Chronic Health Evaluation Il (APACHE II), Sequential Organ
Failure Assessment (SOFA), and clinical severity, radiologic scores, and healthy discharge status
were noted. We collected peripheral blood samples at ICU admission to evaluate total antiox-
idants, total oxidants, catalase, and myeloperoxidase levels.

Results: Thirty-one (24 male, 7 female) patients were included. At ICU admission, patients’
mean APACHE Il score at ICU admission was 17.61 & 8.9; the mean SOFA score was 6.29 + 3.16.
There was no significant relationship between clinical severity and oxidative stress (OS) markers
nor between radiological imaging and COVID-19 data classification and OS levels. Differences in
OS levels between patients with healthy and exitus discharge status were not significant.
Conclusions: We found no significant relationship between oxidative stress marker status in
patients with COVID-19 at ICU admission and patients’ ICU discharge status.
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Introduction

Severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) has undergone
numerous mutations since its emergence,
with different clinical manifestations such
as asymptomatic infection, mild upper
respiratory tract symptoms, or involvement
of the cardiovascular, neurologic, gastroin-
testinal, and respiratory systems. Reported
mortality rates of SARS-CoV-2 infection
are between 1.7% and 5%.' The unusual
clinical course and involvement of different
systems has led clinicians to believe that the
pathophysiology of coronavirus disease
2019 (COVID-19) might be related to
acute inflammation, an infection-related
cytokine storm, acute thromboembolic con-
ditions, or oxidative stress (OS)-related dis-
ruption of the oxidant-antioxidant balance.
Among these mechanisms, OS has been gar-
nering attention because it is involved in
inflammation, programmed cell death, the
immune response, and natural defense
against pathogens and viral diseases.’

SARS-CoV-2 enters human cells via
angiotensin-converting enzyme 2 (ACE2)
receptors. The interaction between the
virus and ACE2 receptors is also important
for increasing OS markers in cells.>* Recent
studies have emphasized the importance of
OS in patients with COVID-19 in terms of
disease severity leading to complications, a
greater likelihood of admission to the inten-
sive care unit (ICU), and an increased mor-
tality rate.”’

The most critical point in the clinical
course of COVID-19 is  patient

deterioration and emergence of the need
for ICU admission. Determining the prior-
ity of patient referral to the ICU during
peaks in the pandemic is of great impor-
tance because the capacity of ICU services
worldwide are limited. For this reason,
objective parameters for use in in this eval-
uation process are needed. Although the
criteria for ICU admission might vary
according to the severity of an epidemic
wave and available resources, the main cri-
teria for ICU admission are hypoxia
(oxygen saturation <90% even with
oxygen support of 6 L/minute), hemody-
namic instability necessitating vasoactive
agents, the presence of acute respiratory
distress syndrome (ARDS), and the need
for mechanic ventilation. Apart from
these, use of certain laboratory values has
also been proposed, such as elevated
inflammatory or coagulation markers
(D-dimer level >1pg/mL, elevated fibrin
degradation products, prolonged activated
partial thromboplastin time and prothrom-
bin time, worsening lymphopenia, neutro-
phil count, elevated troponin, alanine
aminotransferase, aspartate aminotransfer-
ase, and lactate dehydrogenase levels.®
However, the search for objective parame-
ters is ongoing. Another critical factor is
prediction of disease progression in the
ICU using objective parameters.

Although it is widely speculated that OS
is involved in the pathophysiology of
COVID-19, to our knowledge, no other
studies have evaluated OS as a marker to
predict the need for ICU admission and
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disease progression in the ICU period. For
this reason, we primarily aimed to investi-
gate the relationship between OS markers
(total antioxidant status [TAS], total oxi-
dant status [TOS], myeloperoxidase
[MPO], catalase [CAT], ferritin, D-dimer)
in samples collected on the day of ICU
admission from patients with COVID-19.
We examined COVID-19 clinical severity
classification, radiological scoring, and fer-
ritin and D-dimer levels, which are accepted
laboratory criteria according to previous
reports. Furthermore, we secondarily
aimed to investigate the relationship
between initial OS markers at ICU admis-
sion and patients’ discharge status (exitus
[EX] or healthy) from the ICU.

Methods

This study was conducted at a tertiary refer-
ral center between June and December 2020
and was approved by the Bezmialem Vakif
University ethics committee for non-
invasive studies (approval no. 54022451-
050.05.04). Patients were admitted to the
ICU according to the ICU triage criteria
(Table 1), which is established as a routine

Table I. ICU triage criteria.

work-up at our hospital. Informed consent
was obtained from patients if possible, or
from first-degree relatives for patients who
were unable to provide their consent. We
excluded patients who has bacterial sepsis,
bacterial pneumonia, diagnosed immune
suppression, chronic granulomatous dis-
eases, and smoking, which might influence
OS status.

For all patients, we collected demo-
graphic characteristics, comorbid diseases,
need for mechanic ventilation, Acute
Physiology and Chronic Health
Evaluation II (APACHE 1II) and
Sequential Organ Failure Assessment
(SOFA) scores at ICU admission, ICU pro-
cess, and patient discharge status from the
ICU (healthy or EX).

On the day of ICU admission, we collect-
ed blood samples from all patients. The
samples were centrifuged at 3000 x g for
10 minutes. Serum samples were collected
and stored at —80°C for subsequent testing.
We examined serum D-dimer, ferritin,
C-reactive protein (CRP), and procalcito-
nin levels and markers of OS including
TAS, TOS, CAT, and MPO in the patient
samples.

Recommendations for intensive care unit admission

e In case of dyspnea and respiratory distress
e Respiratory rate >30/minute

e Oxygen saturation <93% despite nasal oxygen support of 5 L/minute and above
e Partial oxygen pressure <60 mmHg despite nasal oxygen support of 5 L/minute and above

e PaO2/FiO2 <300

e Bilateral or multilobar infiltrations on chest radiography or computed tomography with clinical deterio-
ration or increase in infiltrations compared with previous imaging

e Hypotension (systolic blood pressure <90 mmHg, drop in usual systolic blood pressure >40 mmHg, mean
arterial pressure <65 mmHg) or vasopressor requirement

o Signs of hypoperfusion in the skin, lactate >2 mmol/L, increase in SOFA score (>2)

e Elevation in cardiac enzymes (troponin) or arrhythmia

e Kidney and liver abnormalities, thrombocytopenia
e Development of MAS

ICU, intensive care unit; PaO2/FiO2, partial pressure of arterial oxygen to fraction of inspired oxygen; SOFA, Sequential
Organ Failure Assessment; MAS, macrophage activation syndrome.
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Measurements

TAS levels were measured using an auto-
analyzer (Siemens ADVIA 1200; Siemens
Healthcare Diagnostics, Deerfield, 1L,
USA), following the method developed by
Erel.” The results are expressed as mmol
Trolox equiv/L. TOS levels were also mea-
sured according to the method described by
Erel, with an automated calorimetric pro-
cess (Siemens ADVIA 1200).'% Results are
expressed as pumol H,O» equiv/L.

Antioxidative status indicator CAT
activity was measured using a spectropho-
tometric method that is based on H,O, dec-
rement with degradation, as described by
Aebi et al.'' (Siemens ADVIA 1200) and
is expressed as [U/mL. MPO activity was
measured with an auto-analyzer (Siemens
ADVIA 1200) using the method described
by Krawisz et al.'” and results are expressed
as [U/mL.

The clinical condition of patients was
standardized according to the Chinese
National Health Commission clinical clas-
sification scoring system (Table 2).'* In all
patients, chest computed tomography
images were reviewed and evaluated
according to the COVID-19 imaging
reporting and data system (COVID-
RADS) scoring system. This evaluation

was conducted by a specialized radiologist
who was blinded to patients’ clinical char-
acteristics.'"* We recorded the discharge
status of patients as either EX or healthy
at the end of the period in the ICU.

Statistical analysis

The analysis was performed with IBM SPSS
for Windows 20.0 (IBM Corp., Armonk,
NY, USA). Descriptive data are expressed
as median (minimum—maximum).
Continuous variables were compared
between radiologic classification groups
and between clinical severity groups with
the Mann—Whitney U test. The Spearman
correlation test was used to evaluate the
relationship of APACHE and SOFA
scores with laboratory results. A value
p<0.05 was considered to indicate statistical
significance. To evaluate TAS, TOS, MPO,
CAT, ferritin, and D-dimer in predicting the
discharge status of patients at the end of the
ICU stay, we used specificity, sensitivity,
cut-off point, and area under the receiver
operating characteristic (ROC) curve.

Results

Thirty-one (24 male, 7 female) patients who
fulfilled the inclusion criteria were included

Table 2. Clinical classification of COVID-19, National Health Commission of China.

Mild Common

Severe

Ciritically severe

Mild clinical manifesta-
tions,
No imaging performed

Fever,

respiratory symptoms,
pneumonia on X-ray
or CT

Meeting any of the fol-

. Oxygen saturation

Meeting any of the fol-

lowing: lowing:

. Respiratory distress, I. Respiratory failure,

RR >30 breaths/minute need for mechanical
ventilation

<93% at rest 2. Shock

. Arterial partial pressure 3. Combined with

of oxygen (PaO,)/frac-
tion of inspired O,
(FiO,) < 300 mmHg, |
mmHg=0.133 kPa

other organ failure,
need for ICU moni-
toring and
treatment

COVID-19, coronavirus disease 2019; CT, computed tomography; RR, respiration rate; ICU, intensive care unit.
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Table 3. Patients’ demographic and initial laboratory findings at ICU admission.
n Min. Max. Mean SD

Age (years) 31 43 91 68.42 14.01
Weight (kg) 31 56 160 79.94 18.17
APACHE 31 5 41 17.61 8.98
SOFA 31 2 13 6.29 3.16
ICU (days) 31 5 46 17.10 11.51
Lymphocytes (10%/uL) 31 0.36 26.3 4.14 6.42
CRP (mg/mL) 31 2 338 98.85 94.18
Procalcitonin (ng/mL) 31 0 375 4.88 9.47
Ferritin (ng/mL) 30 36 49000 3713.20 9386.89
PaO2/FiO, 31 84.7 502.8 171.27 80.10
MPO (IU/mL) 31 -3 884 167.06 259.89
CAT (IU/mL) 31 2 60 23.74 21.23
TAS (mmol Trolox equiv/L) 31 0.11 0.53 0.26 0.07
TOS (umol H,O; equivil) 31 0.06 0.92 0.23 0.20

APACHE I, Acute Physiology and Chronic Health Evaluation Il; SOFA, Sequential Organ Failure Assessment; CRP, C-
reactive protein; PaO2/FiO2, partial pressure of arterial oxygen/fraction of inspired oxygen; MPO, myeloperoxidase; CAT,
catalase; ICU, intensive care unit; SD, standard deviation; TAS, total antioxidant status; TOS, total oxidant status.

in the study. Patients’ demographic charac-
teristics are shown in Table 3. The results of
patient blood sample testing on the day of
ICU admission for CRP, procalcitonin, and
ferritin, as well as the ratio of arterial
oxygen partial pressure (PaO, in mmHg)
to fractional inspired oxygen (PaO,/FiO,)
and serum MPO and CAT values are
listed in Table 3.

No significant correlation was found
between APACHE II and SOFA scores
and TAS, TOS, CAT, and MPO levels
(Table 4).

As for the clinical condition of patients,
13 patients were classified as severe and 18
patients as critically severe, according to the
Chinese National Health Committee
COVID-19 clinical classification scoring
system. A comparison of the groups
revealed no statistically significant differ-
ence in terms of TAS, TOS, TAS/TOS,
CAT, MPO, and ferritin levels (Table 5).

According to COVID-RADS classifica-
tion, 6 patients were grade 2A, 13 patients
were grade 2B, and 12 patients were grade
3. In patients with grades 2A, 2B, and 3

Table 4. Correlation of patients’ APACHE Il and
SOFA scores with laboratory findings.

APACHE  SOFA
TAS (mmol Trolox equiv/L)  0.680 0.104
TOS (umol H,O, equiv/l) 0.265 0.445
TAS/TOS 0.243 0.225
CAT (IU/mL) 0.541 0.422
MPO (IU/mL) 0.586 0.492
Ferritin (ng/mL) 0.052 0.248

APACHE Il, Acute Physiology and Chronic Health
Evaluation Il; SOFA, Sequential Organ Failure Assessment;
TAS, total antioxidant status; TOS, total oxidant status;
MPO, myeloperoxidase; CAT, catalase.

patients, serum levels of TAS, TOS, TAS/
TOS, CAT and MPO showed no significant
difference; however, ferritin levels were sig-
nificantly higher in patients with grade 2A
compared with those who were classified as
grade 2B (p =0.045) (Table 6).

A comparison of TAS, TOS, TAS/TOS,
CAT, and MPO levels between patients
with healthy ICU discharge status and EX
discharge status revealed no significant dif-
ferences. However, ferritin levels were sig-
nificantly higher in patients with a healthy
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Table 5. Comparison of patients’ clinic classification and laboratory findings.

Severe Ciritically severe p

TAS (mmol Trolox equiv/L) 0.28 (0.18-0.38) 0.24 (0.11-0.53) 0.125

TOS (umol H,O, equiv/L) 0.15 (0.09-0.92) 0.16 (0.06-0.54) 0.767

TAS/TOS 1.92 (0.38-3.56) 1.64 (0.39—4.00) 0.859

CAT (IU/mL) Il (2-60) 14 (2-58) 0.953

MPO (IU/mL) 33 (—3-884) 49 (0-667) 0.890

Ferritin (ng/mL) 1053.62 (35.96-4556) 765.80 (73.96—49000) 0.680

Note: The values in parentheses in the table indicate the range.

TAS, total antioxidant status; TOS, total oxidant status; MPO, myeloperoxidase; CAT, catalase.

Table 6. Comparison of patients’ radiologic evaluation and laboratory findings.

COVID-RADS grade 2A 2B 3 p

TAS (mmol Trolox equiv/L) 0.26 (0.22-0.36)  0.28 (0.11-0.38) 0.24 (0.18-0.53) 0.623

TOS (umol H,O, equiv/L) 0.13 (0.06-0.20)  0.15 (0.11-0.92) 0.19 (0.09-0.78) 0.258

TAS/TOS 2.20 (1.30-4.00) 1.57 (0.41-2.73) 1.60 (0.28-3.56) 0.195

CAT (IU/mL) 13 (241) 8 (2-59) 28.5 (2-60) 0.176

MPO (IU/mL) 41 (7-56) 9 (3-733) 73 (0-884) 0.487

Ferritin (ng/mL) 3443 (465-4521) 321 (35.96-3445) 1482 (95.62-49000)  0.020*
0.045%%*

*Comparison of all groups. **Comparison of groups 2A and 2B.
Note: The values in parentheses in the table indicate the range.
COVID-RADS, COVID-19 imaging reporting and data system; TAS, total antioxidant status; TOS, total oxidant status;

MPO, myeloperoxidase; CAT, catalase.

Table 7. Comparison of patients’ ICU discharge status and laboratory findings.

Healthy discharge Exitus discharge p
TAS (mmol Trolox equiv/L) 0.23 (0.17-0.36) 0.27 (0.11-0.53) 0.187
TOS (umol H,O, equiv/L) 0.14 (0.10-0.78) 0.16 (0.06-0.92) 0.674
TAS/TOS 1.89 (0.32-2.40) 1.72 (0.28-4.00) 0.642
CAT (IU/mL) 12.5 (2-60) 14 (2-59) 0.947
MPO (IU/mL) 35 (0-884) 49 (3-733) 0.842
Ferritin (ng/mL) 2894 (219.20—49000) 562.62 (35.96-21094.15) 0.040

Note: The values in parentheses in the table indicate the range.
ICU, intensive care unit; TAS, total antioxidant status; TOS, total oxidant status; MPO, myeloperoxidase; CAT, catalase.

ICU discharge status compared with their
counterparts who had an EX discharge
status (p =0.040) (Table 7).

ROC curve analysis was used to evaluate
ferritin, D-dimer, TAS, TOS, CAT, and
MPO in predicting EX or healthy ICU dis-
charge among patients (Figure 1). The
results were as follows.

Ferritin showed AUC=0.750
(p=0.039) and 95% confidence interval
(CI) (0.549-0.951) (Figure 1a). The cut-off
point of ferritin for healthy ICU discharge
was >1482.86 with 75.0% sensitivity and
68.2% sensitivity. For D-dimer, we found
an AUC=0.652 and 95% CI (0.461-0813)
(Figure 1b). D-dimer was not found to be
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Figure I. Receiver operating characteristic curve analysis to evaluate ferritin (a) D-dimer (b) TAS (c) TOS
(d) catalase (e) and MPO (f) levels in predicting discharge status from the intensive care unit
MPO: myeloperoxidase; TAS: total antioxidant status; TOS: total oxidant status.

significantly specific or sensitive for ICU
discharge status: AUC=0.663 and 95%
CI (0.17-0.31) (Figure 1c). TAS was also
not significantly specific or sensitive for
ICU discharge status.

TOS showed an AUC=0.552 and 95%
CI (0.36-0.73) (Figure 1d) and was there-
fore not significantly specific and sensitive
for ICU discharge. For CAT, AUC =0.508
and 95% CI (0.32-0.69) (Figure le). CAT
was also not significantly specific or sensi-
tive for ICU discharge. Finally, an
AUC=0.524 and 95% CI (0.34-0.70)
were found for MPO (Figure 1f), which
was not significantly specific or sensitive
for ICU discharge.

Discussion
The most critical periods during the
COVID-19 pandemic are when ICU

admissions are increased. Under conditions
of limited critical care services, it is of crit-
ical importance to predict those patients
that will benefit most from ICU care so as
to optimize the selection of patients for
admission to the ICU and ICU bed occu-
pation intervals."® Laboratory, radiology,
and clinical assessment are widely used for
this purpose. TAS and TOS, which have
key roles in the pathophysiology of
COVID-19, have rarely been investigated
to date.

OS and antioxidant capacity are bal-
anced in healthy patients.'> However, this
balance is disrupted with aging, cancer,
inflammation, allergy, and certain systemic
or localized diseases. When antioxidant
status is overwhelmed by OS, metabolic
changes can occur, such as apoptosis, vas-
cular endothelial changes, mitochondrial
damage, expression of inflammatory
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disruption of cellular repair
4,16

cytokines,
mechanisms, and disease progression.

SARS-CoV-2 uses the ACE2 receptor to
enter cells and affects the production of
nitric oxidase, increasing oxidation and
producing oxidized phospholipids, which
are increased in the lungs of patients with
COVID-19. Infection with the virus also
changes intracellular ferritin mechanisms
and disrupts the endothelial barrier, causing
vascular damage.'” Studies have shown that
deficiencies in antioxidant capacity result in
ferroptosis-related cellular death, and viral
infections cause cell death via this mecha-
nism.'® The findings of these previous stud-
ies and other smaller-sized studies'®"”
suggest that it is important to investigate
the role of OS in the pathophysiology of
COVID-19.

Muhammad et al.*® showed that patients
with COVID-19 had increased OS and
decreased antioxidant status, with deterio-
rated CAT and MPO activities. In contrast,
Gaud et al.*' revealed increased CAT and
MPO levels in viral infections, which are
correlated with clinical progression. Thus,
it has been observed that OS levels change
in COVID-19 and other viral infections;
however, which parameters change and
the pathophysiological mechanisms have
remained unclear. In ARDS animal
models of SARS-CoV-2 infection, deficien-
cies in antioxidant systems have been impli-
cated in the pathophysiology of respiratory
disease progression, accelerated clinical
deterioration, and slowing of the healing
process.”> ** In another study, peripheral
blood samples of patients who recovered
from SARS-Cov-2 infection showed upre-
gulation of mitochondrial genes in mono-
nuclear cells, which are responsible for
reactions to OS; it was speculated that the
antioxidant system might have a role in the
recovery process.”> Compatible with these
findings, recent studies have revealed that
antioxidant administration via nebulizer or
systemically might have an impact on

the healing process in patients with
COVID-19.%2¢

Although research is ongoing regarding
the importance of OS in diagnosis and
treatment, no studies to date have evaluated
OS status at the time of ICU admission, a
critical point in the disease process that has
a possible effect on clinical progress.
Previous studies have mostly been hypo-
thetical and included a limited number of
patients, with no group homogeneity.
Therefore, the relationship of OS with
COVID-19 is still controversial.

Our study was based on the hypothesis
that OS levels might change over time
among patients admitted to the ICU.
However, no clinical association was
found between OS parameters and clinical
or radiological findings. Furthermore, from
the viewpoint of disease progression, OS
also had no effect on patients’ ICU dis-
charge status, i.e., whether patients had a
healthy or an EX discharge status.

There are some limitations in our
research. First, we used a retrospective
design in this cross-sectional study to eval-
uate OS and antioxidant parameters. The
dynamic changes in OS during the ICU
period cannot be captured in a cross-
sectional study. A prospective study design
where disease progress can be dynamically
monitored is more appropriate because the
OS of each patient will differ according to
age, sex, and concomitant diseases, among
other factors. Another limitation of our
study is the small number of patients.
Owing to the study design, we could not
calculate the sample size, which would
improve the reliability of our results.
Related to this, the hypothesis proposed in
previous studies that OS is central to the
pathophysiology of COVID-19 could be
confirmed or ruled out in the present
study, and it remains unclear whether oxi-
dative markers are related to the disease
process. Therefore, more homogenous,
large-scale studies with longer follow-up
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and daily OS level measurement are needed
to reach a more definitive conclusion relat-
ed to this topic.

Conclusion

Although OS had been speculated in the
literature to have an impact on COVID-19
pathogenesis, disease severity, prognosis,
and treatment, we did not find any relation-
ship of OS levels with widely used criteria
for ICU admission nor between OS markers
and patients’ ICU discharge status.
According to the current evidence, OS
does not seem to be an objective parameter
for decision making regarding admission of
patients with COVID-19 to the ICU or for
predicting the ICU discharge status of this
patient population.
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