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ABSTRACT

The  aim. The  research was conducted to  assess the  total antioxidant and  glu-
tathione status, superoxide dismutase activity in menopausal women with moderate 
and asymptomatic COVID-19.
Materials and  methods. Ninety two women 45 to  69  years old were divided 
into  groups: women without COVID-19, not vaccinated, with no  antibodies 
to  SARS-CoV-2 (IgG) – control; women with  moderate COVID-19 – main group; 
women with anti-SARS-CoV-2 IgG in blood but who deny any symptoms of COVID-19 
in the last 12 months – asymptomatic COVID-19.
Results. A lower glutathione peroxidase (GPx), superoxide dismutase (SOD) activi-
ties and a higher glutathione reductase (GR) activity, glutathione S-transferase pi 
(GSTpi) concentrations were detected in  the  patients with  moderate COVID-19 
as compared to control. There were statistically lower oxidized glutathione (GSSG) 
levels, total antioxidant status (TAS) and higher reduced glutathione (GSH) levels, 
as well as GSH/GSSG ratio in the group with asymptomatic COVID-19 as compared 
to control. Significantly a lower GPx, SOD activities and a higher TAS, GR activity, 
GSTpi concentrations were detected in  the  patients with symptomatic COVID-19 
as compared to  group without clinical symptoms. ROC analysis shows the  diag-
nostic significance of TAS (AUC = 0.714; p = 0.048), GSH (AUC = 0.714; p = 0.030), 
GSSG (AUC = 0.712; p = 0.031), GSH/GSSG (AUC = 0.837; p < 0.001) for group with 
asymptomatic COVID-19 compared with  controls; TAS (AUC  =  0.709; p  =  0.020), 
SOD (AUC = 0.760; p < 0.001), GSH/GSSG (AUC = 0.658; p = 0.039), GPx (AUC = 0.774; 
p < 0.001), GSTpi (AUC = 0.864; p < 0.001) and GR (AUC = 0.871; p < 0.001) for group 
with moderate COVID-19 compared asympotmatic COVID-19.
Conclusions. Antioxidant defense system activity in menopausal women depends 
on the COVID-19 course.
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РЕЗЮМЕ

Цель. Оценка общего антиоксидантного и  глутатионового статуса, 
активности супероксиддисмутазы у женщин в менопаузе со среднетяжёлым 
и бессимптомным течением COVID-19.
Материалы и методы. Исследование включало 92 женщины в возрасте 
от 45 до 69 лет, которые были разделены на группы: женщины без COVID-19, 
не вакцинированные, без антител к SARS-CoV-2 (IgG) – контроль; женщины 
со среднетяжёлой формой заболевания COVID-19 – основная группа; женщины 
с IgG к SARS-CoV-2 в крови, но отрицающие какие-либо симптомы COVID-19 
за последние 12 месяцев, – бессимптомное течение COVID-19.
Результаты. У пациентов со среднетяжёлым течением COVID-19 выявлена 
более низкая активность глутатионпероксидазы (GPx), супероксиддисму-
тазы (СОД) и более высокая активность глутатионредуктазы (GR), концен-
трации глутатион-S-трансферазы  pi (GSTpi) по  сравнению с  контролем. 
В  группе с  бессимптомным течением COVID-19 наблюдались статисти-
чески более низкие уровни окисленной формы глутатиона (GSSG), общего 
антиоксидантного статуса (TAS, total antioxidant status) и  более высокие 
уровни восстановленного глутатиона (GSH), а также соотношение GSH/
GSSG по  сравнению с  контролем. У  пациентов со  среднетяжёлым тече-
нием COVID-19 выявлены статитсически значимо более низкие значения 
активности GPx, СОД и более высокие значения TAS, активности GR, GSTpi 
по  сравнению с  группой без  клинических симптомов. ROC-анализ показал 
диагностическую значимость TAS (AUC (area under curve) – 0,714; p = 0,048), 
GSH (AUC = 0,714; p = 0,030), GSSG (AUC = 0,712; p = 0,031), GSH/GSSG (AUC = 0,837; 
p < 0,001) для группы с бессимптомным течением COVID-19 по сравнению 
с контрольной группой; TAS (AUC = 0,709; p = 0,020), СОД (AUC = 0,760; p < 0,001), 
GSH/GSSG (AUC = 0,658; p = 0,039), GPx (AUC = 0,774; p < 0,001), GSTpi (AUC = 0,864; 
p < 0,001) и GR (AUC = 0,871; p < 0,001) для группы со среднетяжёлым COVID-19 
по сравнению с бессимптомным течением заболевания.
Заключение. Активность системы антиоксидантной защиты у женщин 
в менопаузе зависит от течения COVID-19.

Ключевые слова: общий антиоксидантный статус, глутатион, суперок-
сиддисмутаза, COVID-19, менопауза, женщины
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INTRODUCTION

During menopause, women begin to experience age-
related neuroendocrine changes, accompanied by estro-
gen deficiency, which is considered as a condition for higher 
vulnerability to moderate and severe COVID-19 and subse-
quent complications [1]. It has been shown that menopau-
sal women even 1 year after COVID-19, experience physical 
and emotional health problems, which may be due to en-
dothelial dysfunction [2, 3]. One of  the  mechanisms 
for the development of endothelial dysfunction is oxidative 
stress that develops during SARS-CoV-2 virus infection [4–9].

The  preservation of  free radical balance in  the  body 
is  realized by  the  antioxidant defense (AOD) system. 
One of the most significant components in the AOD system 
is the protein glutathione, which is involved in almost all stag-
es of protection against oxidative stress [10]. The functions 
of glutathione can be realized through appropriate enzymes, 
which expand its properties to protect macromolecules. Thus, 
glutathione S-transferase (GST) catalyzes the conjugation re-
actions of glutathione with nonpolar substrates. Several dif-
ferent classes of GSTs are known, but the pi-class is the most 
studied due to its relationship with the development of hu-
man diseases [11]. Glutathione reductase (GR) is a reducing 
agent for oxidized glutathione (GSSG) to reduced glutathione 
(GSH), and glutathione peroxidase (GPx) restores free hy-
drogen peroxide and hydroperoxides [12]. Another impor-
tant antioxidant is superoxide dismutase (SOD). This met-
al-containing enzyme inactivates the superoxide anion rad-
ical and  is an active participant in  the first line of defense 
against free radicals. There are several isoforms of  the en-
zyme which differ in metal cofactors in the active center [13]. 
If the increase of reactive oxygen species level during COV-
ID-19 is beyond doubt, the  results of  the antioxidant sta-
tus studies of both the glutathione system and SOD activi-
ty during SARS-CoV-2 infection are ambiguous [4–8, 14, 15]. 
The reasons for the ambiguity of these results may be the lack 
of control groups in the studies, as well as the lack of consid-
eration of age and gender, although these factors may influ-
ence the AOD system activity [16, 17].

THE AIM OF THE STUDY

An assessment of the total antioxidant and glutathione 
status, superoxide dismutase activity in menopausal wom-
en with moderate and asymptomatic COVID-19 in compar-
ison to healthy ones.

MATERIALS AND METHODS

We employed a  case-control research design (to  ex-
plore differences between control and COVID-19) and a ret-
rospective cohort study design (to examine of acute-phase 
parameters and post-COVID-19) in the current investigation. 
The study was carried out in the Scientific Centre for Fam-
ily Health and Human Reproduction Problems with the in-
formed consent of the participants as provided for by the Eth-

ical norms of the Declaration of Helsinki of the World Medi-
cal Association (2013). The Research Protocol was approved 
by the Committee on Biomedical Ethics of this Scientific Cen-
tre (protocol No. 6.1 dated June 19, 2020).

The study included 94 women aged 45 to 69 years. In or-
der to be selected into the main cohort, 64 women hospi-
talized in the  Irkutsk Regional Infectious Clinical Hospital 
in the period from June 2020 to March 2021 with laborato-
ry confirmed PCR test for the presence of SARS-CoV-2 virus 
and moderate course of COVID-19 accompanied by pneu-
monia were examined. Upon the  patient’s admission 
to the hospital, questionnaires and analysis of medical re-
cords, general clinical examination, and computed tomog-
raphy were performed. One woman with 5.18 ng/ml anti-
Mullerian hormone level was excluded from the main group 
(age – 58 ± 6.4; body mass index (BMI) – 30.03 ± 5.96 kg/m2).

Thirty women who denied any symptoms of COVID-19 
and had not been vaccinated in the past 12 months were ex-
amined to form a control group. The presence of COVID-19 
IgG antibodies in blood was determined in all women, af-
ter which two groups were formed: without IgG (n = 17) 
and with IgG (n = 13). One woman with 14.61 ng/ml an-
ti-Mullerian hormone level was excluded from the group 
without IgG; thus, 16  women formed the  control group 
(age – 57 ± 6.24; BMI – 27.04 ± 3.69 kg/m2). Thirteen women 
with IgG in their blood formed a separate group with asymp-
tomatic COVID-19 (age – 54 ± 7.75; BMI – 28.63 ± 4.96 kg/m2).

All study participants were examined by a general prac-
titioner and cardiologist with calculation of BMI, measure-
ment of blood pressure, body temperature, and electrocar-
diogram. In addition, all women noted amenorrhea or men-
strual irregularities, consisting of stable fluctuations (from 
7 days and above) in the duration of successive cycles. To ex-
clude the presence of COVID-19 at the time of  the study 
(control, asymptomatic COVID-19, post-COVID-19), an ap-
propriate rapid test (RAPID BIO, Russia) was performed.

Exclusion criteria for all groups: regular menstrual cy-
cle, use of  hormone replacement therapy, anti-Mulleri-
an hormone level >  1  ng/ml (for all participants). Exclu-
sion criteria for the control group: exacerbation of chron-
ic diseases, presence of IgG to SARS-CoV-2, positive result 
for the presence of the SARS-CoV-2; for the main group – 
absence of pneumonia.

Between 8.00 and 9.00 a. m., after 12 hours of overnight 
fasting, venous blood was sampled from the cubital vein 
into two tubes (with EDTA-K3 to obtain erythrocyte lysate 
and clot-activator to obtain serum). Whole venous blood 
was used immediately for general blood  test determina-
tion. Then, samples were centrifuged for 10 min at 1.500 g. 
The remaining blood serum was collected in an Eppendorf 
tube and  frozen. Erythrocytes were washed three times 
with 0.9%  NaCl and  centrifuged for 5  min at  1500  g af-
ter each wash. Afterwards, erythrocytes were resuspend-
ed in bi-distilled water at a 1:2 ratio, incubated for 10 min 
at 2 to 8 °C, then centrifuged at 1500 g for 5 min, the stro-
ma was removed, the final 100-µL lysate output was mixed 
with 1.9 mL 0.9% NaCl and frozen. Serum for the determi-
nation of GR activity, TAS, anti-Mullerian hormone, GSTpi, 
IgG concentrations and hemolysate for the determination 
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of GSH and GSSG levels, GPx and SOD activities, were stored 
at −40 °C until assaying.

The  anti-Mullerian hormone (ng/ml) and  IgG (BAU/
ml) levels were determined on a MultiSkan ELX808 micro-
plate reader (Biotek, Winooski, VT, USA) using the “Hema” 
test system and commercial “Vector-Best” kits, respective-
ly. TAS (conventional units) was determined using com-
mercial kits, RANSOD (Randox, Crumlin, UK). The measure-
ments were carried out on a BTS-350 spectrofluorophotom-
eter (Barcelona, Spain) at λ = 600 nm. GSH and GSSG lev-
els (mmol/L) were detected on a spectrofluorophotometer 
“Fluorate 02-ABFF-T” (Russia) and performed at λ = 350 nm 
(excitation) and λ = 420 nm (absorption) [18]. GR and GP ac-
tivities were assayed using “Randox” commercial kits (UK) 
on  a  “BTS-330” automatic photometer (Poland). Enzyme 
activity was expressed in  units per 1  L of  serum (for GR) 
or hemolysate (for GP) (U/L). GSTpi concentrations (ng/mL) 
was determined by  enzyme immunoassay using “Cloud-
Clone Corporation” kits (USA) on a MultiSkan ELX808 mi-
croplate reader (Biotek, Winooski, VT, USA) at λ = 450 nm. 
The activity of SOD in erythrocytes (equivalent units) was de-
termined using commercial RANSOD kits (Randox Laborato-
ries Ltd., Crumlin, UK) and a BTS-350 spectrofluorophotom-
eter (Barcelona, Spain) as instructed by the manufacturer. 

Statistical analysis
The  obtained data were processed in  STATISTICA  10 

(StatSoft Inc., USA). A power calculation was not performed 
for this analysis. To determine the  proximity to  the  nor-
mal law of  distribution of  quantitative signs, the  visu-
al-graphic method and  the  Kolmogorov  –  Smirnov test 
were used. The Fisher test was used to determine the equal-
ity of  the general variances. Data on age and body mass 
index are presented as arithmetic mean ± standard devi-
ation and  analyzed using the  parametric Student t-test. 
Antioxidant status parameters are presented as median 
[quartile 1 (Q1); quartile 3 (Q3)]. Analysis of intergroup dif-
ferences for independent samples was carried out using 
the Kruskal – Wallis ANOVA by ranks and Median test, fol-
lowed by post hoc (multiple comparisons) analysis using 
the Mann – Whitney U-test. The diagnostic value and opti-

mal cut-off levels of studied parameters were determined 
based on the ROC analysis. All the differences were consid-
ered statistically significant at p < 0.05.

RESULTS

Table 1 summarizes the antioxidant defense system bi-
omarkers in menopausal women with COVID-19 and con-
trol group. Significantly a  lower GPx (p  =  0.021), SOD 
(p = 0.002) activities and a higher GR activity (p < 0.001), 
GSTpi (p < 0.001) concentrations were detected in the pa-
tients with moderate COVID-19 as compared to control.

There were statistically lower GSSG (p = 0.041) levels, 
TAS (p = 0.049) and higher GSH (p = 0.049) levels, as well 
as GSH/GSSG ratio (p = 0.001) in the group with asympto-
matic COVID-19 as compared to control.

Also, there were differences between COVID-19 pa-
tients and  group with asymptomatic COVID-19. Signif-
icantly a  lower GPx (p  =  0.001), SOD (p  =  0.003) activi-
ties and a higher TAS (p = 0.017), GR activity (p < 0.001),  
GSTpi (p < 0.001) concentrations were detected in the pa-
tients with symptomatic COVID-19 as compared to group 
without clinical symptoms.

In this study, a ROC analysis was carried out of the dis-
criminatory abilities of antioxidant defense system biomark-
ers in the diagnosis of patients with asymptomatic COVID-19 
and moderate COVID-19. For the ROC analysis, all indicators 
were examined to select the most significant ones. The use-
fulness of studied biomarkers in asymptomatic COVID-19 
in comparison with those of the control group and moder-
ate COVID-19 patients in comparison with asymptomatic 
COVID-19 are presented in Table 2 and Table 3 respectively.

ROC analysis shows the diagnostic significance of TAS 
(AUC = 0.714; p = 0.048), GSH (AUC = 0.714; p = 0.030), GSSG 
(AUC = 0.712; p = 0.031), GSH/GSSG (AUC = 0.837; p < 0.001) 
for group with asymptomatic COVID-19 compared with con-
trols (Table 2).

When comparing the groups with moderate COVID-19 
and asymptomatic COVID-19 the significance of the param-

T A B L E   1
ANTIOXIDANT DEFENSE SYSTEM BIOMARKERS IN MENOPAUSAL WOMEN WITH COVID-19 AND CONTROL

Parameters Control (N = 16) Asymptomatic COVID-19 (N = 13) COVID-19 (N = 63) P(ANOVA)

TAS, U/L 1.48 [1.29; 1.55] 1.27 [1.11; 1.44]* 1.45 [1.34; 1.6]^ 0.007

SOD, U/L 1.58 [1.55; 1.58] 1.59 [1.57; 1.62] 1.24 [0.92; 1.59]*; ^ 0.001

GSH, mmol/L 2.02 [1.7; 2.52] 2.45 [2.26; 3.08]* 2.35 [2.07; 2.73] 0.046

GSSG, mmol/L 2.1 [1.82; 2.37] 1.84 [1.62; 1.95]* 1.87 [1.62; 2.34] 0.072

GSH/GSSG 0.93 [0.85; 1.22] 1.44 [1.16; 1.78]* 1.26 [0.89; 1.51] 0.016

GPx, U/L 2126 [1820.5; 2412.5] 2377 [2056; 2558] 1804 [1321; 2162]*; ^ 0.002

GSTpi, ng/mL 5.01 [3.67; 10.59] 6.02 [4.94; 7.85] 14.15 [11.52; 18.2]*; ^ < 0.001

GR, U/L 79.3 [70.75; 86.65] 73.3 [63.3; 79.6] 101.4 [86.1; 115.4]*; ^ < 0.001
Note. * – pU < 0.05 as compared to control; ^ – pU < 0.05 as compared to asymptomatic COVID-19.
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eters was identified for TAS (AUC = 0.709; p = 0.020), SOD 
(AUC = 0.760; p < 0.001), GSH/GSSG (AUC = 0.658; p = 0.039), 
GPx (AUC = 0.774; p < 0.001), GSTpi (AUC = 0.864; p < 0.001) 
and GR (AUC = 0.871; p < 0.001) (Table 3).

DISCUSSION

This investigation for the first time demonstrates anti-
oxidant status assessment in menopausal women depend-
ing on the COVID-19 course. The SARS-CoV-2 virus appears 
to be an extreme factor for the organism. Hypoxia as a result 
of pneumonia leads to intensification of lipid peroxidation 
processes, the development of oxidative stress and dam-
age to  the  endothelium. During infection, hidden regu-
latory and damaging mechanisms are “exposed” that de-
termines the body’s resistance to an emergency factor ac-
tion. It may be the explanation, why not all infected people 
experience COVID-19 symptoms. In addition, menopause 
is a risk factor for the oxidative and carbonyl stress devel-

opment [19, 20]. Antioxidant status changes in blood serum 
and cells of various organs have been shown in age-relat-
ed estrogen deficiency [21–23] and during respiratory viral 
infections [24]. It may worsen free radical homeostasis dur-
ing SARS-CoV-2 infection [4–9].

Changes in  SOD activity in  patients with COVID-19 
are  observed both in  the  direction of  decreasing [15] 
and  increasing [6] values. A decrease in  SOD activity 
is observed in  severe and  critical COVID-19 compared 
with mild disease [15], and an increase in enzyme activi-
ty was detected in a study on elderly patients, regardless 
of the disease severity [6]. However, the results of a study 
on  groups of  patients depending on  gender and  age 
showed that  women with COVID-19 over 36  years old 
have a  lower SOD activity compared to  women of  18–
35 years. Probably the reason for this is an age-dependent 
decrease in the estrogen level in the female body, which 
can change the AOD system enzymes activity, including 
SOD. Thus, F. Bellanti et al. (2013) in their study showed 
a decrease in SOD mRNA expression with a simultaneous 

T A B L E   2
ROC ANALYSIS OF ANTIOXIDANT DEFENSE SYSTEM BIOMARKERS IN WOMEN WITH ASYMPTOMATIC COVID-19 
IN COMPARISON WITH CONTROL GROUP

Parameter AUC p-value Cut-off point 95% CI Sensitivity Specificity

TAS, U/L 0.714 0.048 ≤ 1.46 0.517–0.865 84.62 68.75

SOD, U/L 0.625 0.258 > 1.58 0.427–0.797 53.85 75.00

GSH, mmol/L 0.714 0.030 > 1.89 0.517–0.865 92.31 50.00

GSSG, mmol/L 0.712 0.031 ≤ 2.08 0.514–0.863 84.62 56.25

GSH/GSSG 0.837 < 0.001 > 0.947 0.653–0.947 100 56.25

GPx, U/L 0.620 0.266 > 2288 0.422–0.793 53.85 75.00

GSTpi, ng/mL 0.567 0.550 > 3.939 0.371–0.749 100 31.25

GR, U/L 0.630 0.227 ≤ 79.6 0.432–0.800 76.92 50.00
Note. CI – confidence interval.

T A B L E   3
ROC ANALYSIS OF ANTIOXIDANT DEFENSE SYSTEM BIOMARKERS IN WOMEN WITH MODERATE COVID-19 
IN COMPARISON WITH ASYMPTOMATIC COVID-19

Parameter AUC p-value Cut-off point 95% CI Sensitivity Specificity

TAS, U/L 0.709 0.020 > 1.27 0.593–0.807 87.30 53.85

SOD, U/L 0.760 < 0.001 ≤ 1.48 0.643–0.854 70.18 100

GSH, mmol/L 0.618 0.169 ≤ 2.19 0.500–0.728 39.68 84.62

GSSG, mmol/L 0.567 0.377 > 2.16 0.448–0.680 31.75 92.31

GSH/GSSG 0.658 0.039 ≤ 0.941 0.540–0.763 31.75 100

GPx, U/L 0.774 < 0.001 ≤ 1833 0.664–0.862 57.14 100

GSTpi, ng/mL 0.864 < 0.001 > 10.37 0.764–0.932 78.69 84.62

GR, U/L 0.871 < 0.001 > 86.1 0.775–0.937 74.60 92.31
Note. CI – confidence interval.
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decrease in estrogen levels in women with surgical men-
opause, however after hormone replacement therapy, 
these indicators increased [25].

GSH production may be also decreased in response 
to COVID-19. This may be due to increased interleukin-6 
and  transforming growth factor-β levels, intracellular 
generation of free radicals and inhibition of BRCA1 [26]. 
The glutathione status study results showed lower GSH 
level in  patients with COVID-19 compared to  reference 
values [7], control [8] and does not differ between groups 
of patients in non-intensive and intensive care units [5]. 
There were no differences found in the GSH and GSSG lev-
els, as well as their ratio and GST activity between groups 
with moderate and  severe disease [4]. Howe ver, there 
are investigations that demonstrated differences in GSH 
level in patients with different severity COVID-19 [14]. In 
our study, we showed that glutathione system enzymes 
are activated in patients with moderate COVID-19. There 
is a lower GPx activity with a simultaneous higher GR ac-
tivity and GSTpi level in these patients. Probably, it is re-
sponse to  the  excessive formation of  highly toxic lipid 
peroxidation products that are  formed due to  hypoxia 
during pneumonia. It has been shown that glutathione 
levels changes in  lung inflammation [27]. Considering 
that the GPx kinetics is influenced by the GSH level [12], 
the decrease in this enzyme activity is most likely due to 
a decrease in GSH level according to the principle of di-
rect feedback. H.K. Al-Hakeim et al. (2023) showed that de-
creased SpO2 levels during the acute phase of COVID-19 
significantly predict decreased GPx in Long COVID [28].

In addition, it is known that GPx activity can be in-
duced by the hormone melatonin [29]. Serum melatonin 
levels in patients with COVID-19 are reduced due to dis-
ruption of  its synthesis pathway by  SARS-CoV-2 [30]. 
This also may be the reason for the decreased GPx activity  
in  COVID-19 patients in  our study. A higher GSTpi levels 
in our symptomatic COVID-19 group are required for time-
ly detoxification processes by  catalyzing the  reactions 
of GSH conjugation with reactive oxygen and free radical 
oxidation products. Given the possible increased GSH con-
sumption, timely GSSG restoration is necessary. This occurs 
when GR activity is increased, as we observed in our study. 
Considering the  control levels of  both GSH and  GSSG 
in women with symptomatic COVID-19, it can be assumed 
that these enzymes activity is sufficient to maintain the thi-
ol-disulfide equilibrium.

It is interesting to note that asymptomatic COVID-19 
patients had higher GSH and  GSH/GSSG levels than pa-
tients of the control group without any changes in enzy-
matic activity. Perhaps, this glutathione level determined 
the body’s better resistance in response to SARS-CoV-2 vi-
rus infection, which prevented deterioration in the function-
ing of organs and systems and the clinical symptoms man-
ifestation. Our results confirm the hypothesis of A. Polon-
ikov (2020), who suggested that a higher initial GSH level 
determines the COVID-19 symptoms [31]. Moreover, GSH 
has  inhibitory effects on  the  angiotensin-converting en-
zyme (ACE-2) activity and  can decrease the  production 
of reactive oxygen species via inhibition of ACE-2, leading 

to decreased nuclear factor-κB signaling, providing an ave-
nue for decreased inflammation in SARS-CoV infected cells 
[32]. All this could be the reason for the absence of clini-
cal symptoms in patients with higher GSH levels. We also 
identified a lower TAS level in this group compared to both 
control and  moderate COVID-19. According to  the  stud-
ies conducted, there  is  no clear opinion on  this parame-
ter. Thus, A. Esmaeili-Nadimi et al. (2023) did not find any 
significant differences between groups with mild, mod-
erate and severe disease [33], as well as when compared 
with controls [34], while the results of another study indi-
cate a decrease TAS in patients in the intensive care unit [35]. 
In our study, we did not identify any differences in this indi-
cator between moderate COVID-19 and controls. The fact 
that the indicator was lower in the group with asymptomat-
ic disease may be because in these patients the AOD sys-
tem functioning occurs at a sufficient level and its activa-
tion is not required. The results of an earlier study assessing 
life quality indicators in patients without COVID-19 clinical 
symptoms showed no differences with controls, however, 
scores for physical condition were higher in asymptomat-
ic patients. Also, elevated high-density lipoprotein choles-
terol level was noted as  compared to  control values [2]. 
These results and the present study data suggest the pres-
ence of a more advanced antioxidant system, better func-
tioning of organs and systems, and a more adapted to res-
piratory virus infection immune system in patients who have 
asymptomatic COVID-19.
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