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Abstract
The aim of our research was to assess the intensity of oxidative stress (OS) in children and adolescents with COVID-19 

using the oxidative stress index (OSI). 
Methods and Results: The study was conducted between May 2020 and March 2021. The main group included 17 children and 

adolescents [8(47.1%) boys and 9(52.9%) girls; mean age of 12.35±4.01 years] with diagnosed COVID-19 infection (mild to moderate 
course) selected as a result of the primary diagnostic examination from among those admitted to hospitalization at the Irkutsk Regional 
Infectious Diseases Clinical Hospital. The control group included 17 healthy children and adolescents (average age of 12.35±4.01 
years) matched by copy-pair type. The obtained data indicated statistically significant differences in a number of parameters between 
children and adolescents with COVID-19 and the control groups. We found statistically significant higher levels of lipid peroxidation 
(LPO) products (CDs, P<0.0001; KD and CT, P=0.006; and TBARs, P=0.013) in the study group than in the control group. Among 
antioxidant defense (AOD) system parameters, the levels of retinol (P=0.015) and reduced glutathione (P=0.048) and SOD activity 
(P<0.0001) were statistically lower in the study group than in the control group. The OSI level was significantly greater (by 8.5 times, 
P=0.028) in the study group than in the control group, which confirms the development of antioxidant deficiency in COVID-19.   

Conclusion: The results of the assessment of OSI in children and adolescents with COVID-19 indicate insufficient activity 
of some critical components of AOD and a shift of the redox balance toward pro-oxidant factors, which can have extremely 
negative consequences in the development of the disease. In this regard, we recommend carrying out corrective measures to 
stabilize LPO/AOD parameters by including drugs with antioxidant properties in the treatment complex.(International Journal 
of Biomedicine. 2022;12(2):242-246.)
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Introduction
The pandemic of coronavirus infection (COVID-19) is the 

most devastating disease since the turn of the 21th century, but 

unfortunately, many of its clinical manifestations, pathogenetic 
characteristics, and treatments are still unclear. The number of 
cases of infection worldwide has exceeded 500 million to date, 
and the rates are still increasing.(1) An important distinguishing 
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feature of COVID-19 is the different severity of the course 
depending on the age of the patient. Thus, if the disease is mild or 
moderate for children and adolescents, for the elderly the course 
will be more severe, with a high mortality rate, especially in the 
presence of chronic comorbidities such as diabetes mellitus, 
arterial hypertension, and cardiovascular diseases.(2) 

According to worldwide studies, children and 
adolescents are significantly less likely to have a new 
coronavirus infection, usually within 1%-5% of patients 
with diagnosed clinical cases of COVID-19 and up to 11% 
of those infected with SARS-CoV-2.(3,4) Moreover, there is a 
direct correlation between emergency department visits and 
the vaccination intensity of the population in the region where 
the child lives. In regions with high vaccination coverage, 
the data tend to be lower.(5) Schoolchildren and preschool-age 
children, make up the bulk of infected children.(3) Children 
are characterized by mild clinical symptoms, with the main 
symptoms in the form of fever, cough, signs of intoxication, 
etc.(6) The majority of cases are asymptomatic, while about 
10% require hospitalization.(7) There are some cases with a 
severe course (about 1% of children), especially in children 
with a burdened pre-morbid and comorbid background and 
severe comorbid disorders.(4) Overall, no particular changes 
were found in the structure of morbidity in children in different 
“waves” of COVID-19. However, some differences concern 
the so-called “third wave” (May-June 2021): an increase in the 
number of hospitalized children, early hospital admission from 
the beginning of the disease, prolongation of the virus release 
period, reduction of cases with development of multisystem 
inflammatory syndrome, which characterizes modern features 
of the course of COVID-19 infection in children.(3) In addition, 
the pediatric population should receive no less attention than 
the adult population because of the active participation of 
children in the spread of the new infection.

Many respiratory infections are accompanied by 
excessive generation of ROS and insufficient activity of 
the antioxidant defense (AOD) system.(8) The disproportion 
between the presence of antioxidants and free radicals or pro-
oxidants in the biological system is defined as oxidative stress 
(OS). Studies show that OS plays an important role in the 
genesis of coronavirus infections, including COVID-19.(9-12) 

The integral coefficient evaluating the intensity of OS reactions 
can characterize the stage of pathological process formation in 
the body, including in the presence of infectious diseases.(13-16) 

There is virtually no information on the state of OS reactions 
in children with coronavirus infection. At the same time, such 
studies are highly relevant and can improve the effectiveness of 
preventive and therapeutic measures.

The aim of our research was to assess the OS intensity in 
children and adolescents with COVID-19 using the oxidative 
stress index (OSI). 

Material and Methods
Design of study
The study was conducted between May 2020 and March 

2021. The main group included 17 children and adolescents 
[8(47.1%) boys and 9(52.9%) girls; mean age of 12.35±4.01 

years] with diagnosed COVID-19 infection (mild to moderate 
course) selected as a result of the primary diagnostic 
examination from among those admitted to hospitalization at 
the Irkutsk Regional Infectious Diseases Clinical Hospital. The 
control group included 17 healthy children and adolescents 
(average age of 12.35±4.01 years) matched by copy-pair type. 
Inclusion criteria were the age of subjects, informed consent to 
participate in the study, and presence of laboratory-confirmed 
SARS-CoV-2. Exclusion criteria were a severe disease, refusal 
to participate in the study, failure to meet inclusion criteria, 
and other reasons. On admission to the hospital, we performed 
a general clinical examination of patients, analysis of medical 
records, and questionnaire survey. The questionnaire included 
information on the presence of a positive PCR test for SARS-
CoV-2 RNA (laboratory confirmation of infection), dynamic 
monitoring of enzyme immunoassay and PCR, the course of 
the disease, and epidemiological history. We collected data on 
complications of the underlying disease, need for respiratory 
support, renal replacement therapy, presence of viral or fungal 
co-infection, and laboratory findings. The main group of 
children and adolescents was homogeneous in terms of the 
nature and duration of the infection and the therapeutic effect. 

Biochemical measurements
The OSI [the ratio of the LPO-AOD system indicators 

in the study group to average indicators in the control 
group], as integral indicator the OS intensity, was calculated 
using the formula that was developed and modified in our 
previous study.(13-16) The formula takes into account not only 
the accumulation of LPO products at various stages (from 
primary to final), but also the activity of various parts of the 
AOD system (enzymatic and non-enzymatic). 

Plasma concentrations of primary/secondary/final 
products of LPO (CDs/KD-CT/ TBARs) were estimated.(17,18) 

The state of the AOD system was assessed by the content of 
α-tocopherol and retinol,(19) GSH and GSSG,(20) and the SOD 
activity.(21)

The measurements were carried out using a Shimadzu 
RF-1501 spectrofluorophotometer (Japan) and Shimadzu RF-
1650 spectrofluorophotometer (Japan). 

Statistical analysis was performed using STATISTICA 
8.0 software package (Stat-Soft Inc, USA). The normality 
of distribution of continuous variables was tested by the 
Kolmogorov-Smirnov test with the Lilliefors correction and 
Shapiro-Wilk test. The F test for equality of two variances 
was applied. For descriptive analysis, results are presented 
as mean±standard deviation (SD), median (Me), interquartile 
range (IQR; 25th to 75th percentiles). Differences of continuous 
variables departing from the normal distribution, even after 
transformation, were tested by the Mann-Whitney U-test. 
A probability value of P<0.05 was considered statistically 
significant.

Ethics approval of research
All participants or their parents signed an informed 

consent to participate in the study in accordance with the World 
Medical Association Declaration of Helsinki (1964, 2013 ed.). 
The study was approved the Biomedical Ethics Committee at the 
Scientific Centre for Family Health and Human Reproduction 
Problems, Russia (No. 6/1 dated June 19, 2020). 
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Results and Discussion
The obtained data indicated statistically significant 

differences in a number of parameters between children 
and adolescents with COVID-19 and the control groups. 
Thus, we found statistically significant higher levels of LPO 
products (CDs, P<0.0001; KD and CT, P=0.006; and TBARs, 
P=0.013) in the study group than in the control group. Among 
AOD system parameters, the levels of retinol (P=0.015) and 
reduced glutathione (P=0.048) and SOD activity (P<0.0001) 
were statistically lower in the study group than in the control 
group (Table 1).  

According to our data, the OSI level was significantly 
greater (by 8.5 times, P=0.028) in the study group than in the 
control group, which confirms the development of antioxidant 
deficiency in COVID-19 (Figure 1).   

Currently, there are very few works concerning 
metabolic responses in the pediatric and adolescent population 
with a new coronavirus infection. Most of them are theoretical 
in explaining the reasons for a milder course of infection in 
this cohort of patients. Possible causes include a number of 
factors, such as differences in the ACE2 expression, immune 
response reactivity, the nature of the inflammatory response, 

melatonin secretion levels, and other metabolic parameters.
(22,23) Differences in the distribution, maturation, and function 
of viral receptors, as well as the likely protective effect of low 
levels of ACE2 in children, have also been noted.(24) On the 
other hand, it is well known that some infectious diseases, 
such as paralytic polio and rubella, are milder in children than 
in adults.(25) There are suggestions that the more favorable 
course of infection in children may be due to the high intensity 
of metabolic reactions.(23,25)

Our analysis of the OSI values indicates the presence of 
a higher intensity of OS reactions in children and adolescents 
with COVID-19 relative to healthy children.

Several studies have shown that OS plays an important 
role in viral infections such as SARS-CoV and SARS-CoV-2.
(26,27) Coronavirus contains an S-protein that enables virus 
access to target cells via the ACE2 receptor. The latter is 
expressed on the surface of epitheliocytes of the respiratory 
and digestive tracts, the upper parts of which are the entry 
gates of infection. Accumulation of intermediate products of 
viral metabolism is accompanied by the generation of ROS 
and mitochondrial damage.(12) The infection progresses and 
descends to the lower parts of the respiratory tract, affecting 
alveolar type I and type II cells and endotheliocytes, where 
the expression and subsequent secretion of pro-inflammatory 
cytokines occurs.(9) When this occurs, alveolar macrophages 
and infiltrated immune cells are activated, which increases 
oxygen consumption and aggravates the process of hypoxia.
(28) Activated alveolar macrophages release pro-inflammatory 
cytokines in the alveoli, which then enter the great circle 
of the circulation. Intense inflammation leads to excessive 
production of ROS, activation by hypoxia-induced factors 
(HIF-1α, NF-κB), etc.(29) Experimental studies of coronavirus 
infections of past decades showed that the pro-inflammatory 
response was secondary to an impaired AOD system.(25) This 
conclusion was supported by similar clinical data. A number 
of papers have also identified low AOD activity as a key 
component determining the severity of viral infections.(10,12,27) 

Viral respiratory infections, including respiratory syncytial 
virus, human metapneumovirus, and influenza virus infections, 
were shown to suppress the expression and activity of 
antioxidant enzymes, resulting in reduced antioxidant capacity.
(8) Although the exact role of OS in viral virulence is not clear, 
it may be secondary to the modulation of the immune system 
caused by oxidative damage.(28,29) Strong evidence for the role 
of OS comes from studies of ACE2 involvement. ACE2 plays 
an important role in determining the severity level of SARS-
CoV-2 infections because it is not only a condition for SARS-
CoV-2 entry into the cell but also acts as a modulator of OS and 
inflammation.(30) 

Viral infection causes increased synthesis of ROS as a 
result of the lack of appropriate activity of the AOD system 
components to neutralize toxic metabolites. It is likely that in our 
study, the increased OSI values in children and adolescents with 
COVID-19 were associated with the insufficiency of a number 
of antioxidants. Thus, in particular, the insufficient activity of 
SOD, GSH, and retinol was noted. SOD is a key enzyme of 
the first line of defense against ROS, responsible for the innate 
antioxidant response in aerobic organisms.(31,32) It was noted 

Table 1.
Content of LPO products and AOD components in children and 
adolescents with COVID-19 (Me, 25%-75%).

Parameters Control group Main group

CDs, μmol/L 1.18 (0.84-1.82) 7.03 (5.51-7.58) *

KD and CT, units 0.22 (0.14-0.32) 0.9 (0.43-1.2) *

TBARs, μmol/L 0.86 (0.67-1.36) 1.33 (1.14-1.91) *

SOD activity, units 1.66 (1.6-1.74) 1.01 (0.94-1.14) *

α- tocopherol, μmol/L 7.71 (5.95-11.7) 7.85 (5.17-8.79)

retinol, μmol/L 1.25 (0.59-2.21) 0.85 (0.63-0.99) *

GSH, mmol/L 2.32 (2.08-2.85) 1.79 (1.67-2.45) *

* - statistically significant differences.

Fig. 1. The level of OSI in children and adolescents 
with COVID-19 (* - statistically significant differences 
between the two groups).
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that even a slight decrease in the activity of SOD causes a shift 
of metabolic reactions toward the prevalence of pro-oxidant 
processes.(33) Glutathione (γ-1-glutamyl-1-cysteinylglycine) is a 
tripeptide that plays an important role in cellular detoxification 
through glutathione S-transferase activity, and participates in 
antioxidant defense, regulates the synthesis and recovery of 
fat- and water-soluble vitamins, supports “thiol status,” and 
modulates cell proliferation.(26) Lower levels of glutathione are 
associated with immune dysfunction, which leads to higher 
susceptibility to viral infections, particularly SARS-CoV-2 
infection.(27) Vitamin A and related retinols are involved in 
modifying the immune system by expressing the key antiviral 
antibodies.(34) Consequently, retinol deficiency in the blood of 
children with COVID-19 may adversely affect the course of the 
disease. Considering the vital role of vitamins as regulators of 
growth and tissue morphological differentiation, changes in this 
metabolic link in children and adolescents seem to be highly 
significant.(35-37)

Conclusion
Thus, the results of the assessment of OSI, the integral 

index of OS, in children and adolescents with COVID-19 
indicate insufficient activity of some critical components of 
AOD and a shift of the redox balance toward pro-oxidant 
factors, which can have extremely negative consequences in 
the development of the disease. In this regard, we recommend 
carrying out corrective measures to stabilize LPO/AOD 
parameters by including drugs with antioxidant properties in 
the treatment complex.

This work was performed with the use of equipment of 
the collective research center “Centre for the development of 
progressive personalized health technologies” SC FHHRP, 
Irkutsk.
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