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MHPEKIWOHHDBIE BOJIE3HH

INFECTIOUS DISEASES

ABSTRACT

Introduction. Influenza remains a serious viral infection in children and has con-
sequences for the organism.

The aim of the study. Toanalyzethe lipid peroxidation products and antioxidant de-
fense (AOD) components level in children of two age groups with seasonal influenza.
Materials and methods. We examined 141 children aged from 1 month to 6 years
with a diagnosis of influenza (subgroup 1 — 1 month — 2.11 years (n = 78); sub-
group 2 - 3-6 years (n = 63)), 47 children of control group (subgroup 3 - 1 month —
2.11years (n=17);subgroup 4 - 3—6 years (n = 30)). Spectrophotometric, fluorometric
and statistical methods were used.

Results. In subgroup 1 of children with influenza, there were higher levels of com-
pounds with double bonds (p = 0.001), conjugated dienes (CDs) (p < 0.0001),
ketodienes and conjugated trienes (KD and CT) (p = 0.004); in subgroup 2 of chil-
dren with influenza - increased values of CDs (p < 0.0001), KD and CT (p < 0.0001)
and thiobarbituric acid reactants (p < 0.0001) compared to the control. The AOD
system in subgroup 1 was characterized by a decrease in the level of a-tocopherol
(p < 0.0001), retinol (p < 0.0001) and higher oxidized glutathione (GSSG) values
(p = 0.002) compared to the control. Children of subgroup 2 had lower values
of the level of a-tocopherol (p < 0.001), retinol (p = 0.012) and total antioxidant
activity (p < 0.0001) and higher values of GSSG (p = 0.035) compared to the control.
Conclusion. In children with influenza, regardless of age, there is a higher level
of production of lipid peroxidation indicators, a lack of fat-soluble vitamins and high-
er values of oxidized glutathione than in healthy children.
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PE3IOME

BeedeHue. [punnocmaémcs cepbé3Hol 8upycHol uHgekyuelly demeti u umeem
nocnedcmaus 0719 300p08bsA.

Lens uccnedosaHus. MpoaHanuzuposame yposeHb NPOOYKMO8 nepeKucHo20
OKUCJIeHUSA JTUNUO08 U KOMNOHEeHMo8 dHMuokKcudaHmHou 3aujumel (AO3) y 0emeli
08YyX 803pAdCMHbIX 2pynn, 60JIbHbIX CE30HHbIM 2PUNNOM.

Mamepuanel u memoowbl. O6cedosaH 141 pebéHok 8 8o3pacme om 1 mecaua
00 6 iem ¢ duazHo3om 2punn (1-a nodzpynna —om 1 mecsya 0o 2,11 200a (n = 78);
2-1 nodepynna — 3—6 iem (n = 63)); 47 demeli KOHMpPOsIbHOU 2pynnesl (3-8 NOO-
2pynna — om 1 mecaya 0o 2,11 2o0a (n = 17); 4-1 nodepynna — 3-6 iem (n = 30)).
Wcnone3osanuce cnekmpogpomomempudeckue, prryopomempudeckue U cmamu-
cmuyeckue Memoosl.

Pe3synomamel. B 1-(i noozpynne demet c 2punnom ommeyanuce 6osiee 8bicOKUe
YpOBHU coeOuHeHul ¢ 080UHbIMU c8a3aMu (p = 0,001), OueHOB8bIX KOHBI2aMO8
(4K) (p < 0,0001), kemoodueHos u conpsxéHHblx mpueHos (K4 u CT) (p = 0,004);
80 2-Ui no0zpynne demetli ¢ 2punnom — nogslweHHble 3HadeHus K (p < 0,0001),
K4 u CT (p < 0,0001) u TbK-akmugHbix npodykmos (p < 0,0001) 8 cpasHeHuUu
¢ koHmposem. Cucmema AO3 8 1-Ui nodz2pynne xapakmepu308a1dce CHUXEHUEM
ypo8Ha a-mokogpepona (p < 0,0001), pemurona (p < 0,0001) u 6onee 8bICOKUMU
3HAYeHUAMU OKUC1eHHOo20 2lymamuoHa (GSSG) (p = 0,002) no omHOWeHUo K KOH-
mposo. Y 0emeli 2-U nodzpynnsl ommeyasnuce bosiee HU3KUE 3Ha4eHUs YpPOBHs
a-mokogpepona (p < 0,001), pemuHona (p = 0,012), o6wel aHmuokucumesibHou
akmugHocmu (p < 0,0001) u nogbiweHHble 3Ha4yeHUA GSSG (p = 0,035) 8 cpasHeHUU
C KOHMPOJIEM.

3aknoyeHue. Y demeli npu epunne He3asuCcUMo om 803pdcmad ommeyaromcs
6os1ee 8bICOKUL, YeM y 300p0o8bix Oemel, yposeHb NPOOyKMO8 IunonepoKcuoa-
Yuu, HedoCMAmMoK XupopacmeopuMblX 8UMAMUHO8 U NOBblWEHHbIe 3HaYeHUs
OKUCJ/IeHHO20 2JlyMmamuoHa.

Knroueesvle cnoea: 2punn, 0emu, nepekucHoe oKucaeHue unudos, AHMUOKCU-
0aHmMHas 3awuma

AnauyntupoBaHma: KasaHuesa E.[., JapeHckasa M.A., PoiukoBa J1.B., MetpoBa A.l., Cemé-
HoBa H.B., Kypawosa H.A., IpebeHkmHa J1.A., KonecHukoBsa J1.U. MepekncHoe okucneHune
NUNUAOB — CMCTEMA aHTUOKCUAAHTHOW 3alWTbl y AeTell C Ce30HHbIM rpunmnom. Acta
biomedica scientifica. 2024; 9(3): 95-101. doi: 10.29413/ABS.2024-9.3.9
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ABBREVIATIONS

AOD - antioxidant defence

CDs - conjugated dienes

DB - double bounds

GSH - reduced glutathione

GSSG - oxidized glutathione

KD and CT - ketodienes and conjugated trienes
LPO - lipid peroxidation

OS - oxidative stress

SB - Schiff basis

SOD - superoxide dismutase

TAA - total antioxidant activity
TBARs — thiobarbituric acid reactants

INTRODUCTION

Influenza remains a pressing acute respiratory viral in-
fection, which causes significant social and economic dam-
age to public health [1]. Influenza and influenza-like infec-
tions are comparable in scale of damage to traumas, cardio-
vascular diseases and malignant neoplasms [2]. The influen-
za virus is characterized by seasonal circulation; small chil-
dren, the elderly, people with weakened immune system
and people with chronic diseases are at risk and have a high
susceptibility to this disease [3]. The number of sick chil-
dren during the epidemic period exceeds 30 %, the prob-
ability of illness and the risk of severe course in children
is 1.5-3 times higher than in adults [4]. The influenza virus
has significant genetic variability, which reduces the ef-
fectiveness of existing vaccines and limits the therapeutic
possibilities due to the emergence of new strains resistant
to standard therapy [3]. The emergence of a new corona-
virus infection caused by SARS-CoV-2 requires new diag-
nostic and therapeutic options, especially in risk groups,
since influenza viruses and SARS-CoV-2 are both RNA vi-
ruses [2]. In the pathogenetic mechanisms of the infectious
process during influenza, of great importance is the non-
specific defense system: lipid peroxidation-antioxidant de-
fense (LPO-AQD) [5].

The role of LPO has been proven in the phagocyto-
sis and destruction of microorganisms, in the metabolism
of some xenobiotics, and in the synthesis of some biolog-
ically active substances, in particular prostaglandins [6-
8]. Because hydroperoxides act as primary stable products
in the oxidation of unsaturated fatty acids of phospholip-
ids, this process is called peroxidation. Subsequently, per-
oxidative degradation of phospholipid molecules occurs,
which changes the conformation of the cell membrane
and lipoproteins [9]. Excessive synthesis of lipid peroxida-
tion products is prevented by the antioxidant defense sys-
tem, the main elements of which are antioxidants — sub-
stances that inhibit or reduce the intensity of free radical
oxidation, neutralizing free radicals, exchanging their hy-
drogen atom for the oxygen of free radicals [10, 11]. Cur-
rently, the study of this process is very relevant and the role
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of oxidative stress in children of different ages and in vari-
ous pathological conditions (arterial hypertension, chron-
ic gastroduodenitis, influenza, cholelithiasis, pyelonephri-
tis, metabolic syndrome, type 1 diabetes mellitus) has been
proven [12,13]. Despite the available research, there are very
little data on changes in this system in children with influ-
enza in a comparative age aspect.

THE AIM OF THE STUDY

To analyze the lipid peroxidation products and anti-
oxidant defense components level in children of two age
groups with seasonal influenza.

MATERIALS AND METHODS

We examined 141 children diagnosed with influenza
who were hospitalized at the Irkutsk Regional Infectious
Diseases Clinical Hospital from 2018 to 2019; the average
age of the patients was 2.87 + 0.9 years. In the control group
(n = 47), the average age of patients was 3.13 £ 1.1 years.
In the main group, patients were divided into subgroups:
subgroup 1 - 1 month - 2.11 years (n = 78); subgroup 2 -
3-6 years (n = 63)), control group: subgroup 3 - T month -
2.11 years (n = 17), subgroup 4 — 3-6 years (n = 30).

When working with case histories, the following
were assessed: gender, age of a child, duration of hospi-
talization, main diagnosis, concomitant diagnosis, pres-
ence of complications, nature and duration of the main
clinical symptoms, general and biochemical blood tests,
verification of the influenza virus by polymerase chain
reaction.

Gender structure of patients with influenza:
70 (52 %) boys and 64 (48 %) girls; average age - 3 years.
In the structure of influenza incidence, influenza A (HTN-
1sw2009) serotype predominated - in 76 % of cases, influ-
enza A (H3N2) made 16 %. In the structure of concomitant
diagnoses, a significant place belongs to acute intestinal in-
fection - 16 % (of rotavirus and noravirus etiology), atop-
ic dermatitis was notes in 2 % of cases, hypochromic ane-
mia - in 6 %, enterobiasis was observed in isolated cases.

The structure of complications of the underlying dis-
ease: acetonemic vomiting syndrome or ketoacidosis syn-
drome was observed in 12 % of cases, pneumonia was de-
tected in 16 %, obstructive bronchitis — in 2 %. The average
length of hospitalization was 5 + 1.6 days.

The clinical picture of seasonal influenza had the fol-
lowing characteristics: 66 % of children had a runny nose,
84 % had dry cough, 92 % had fever, and 38 % of children
had complaints of intoxication. Apathy and drowsiness
were observed in 44 % of patients, weakness was observed
in 34 %, decreased appetite in 26 %, headaches bothered
8 % of children, pain in muscles and joints was not observed
in anyone. Sore throat and pain when swallowing were not-
ed by 6 % of children, abdominal pain and diarrhea were ob-
served in 8 % of children, vomiting - in 28 %, convulsions -
in 4 %, ear pain and dizziness - in 1 % of children.



The nature of rhinitis in 72 % of cases was mucous,
the duration of the runny nose was 5 + 2.48 days. The na-
ture of the cough in 84 % of cases was dry; 6 % of children
had wet cough, duration - 5 + 1.5 days. The median body
temperature during fever was 38.5 + 0.68 °C, the duration
of fever was 2 + 1.45 days. Pharyngeal hyperemia was ob-
served in 96 % of cases.

The study was conducted in accordance with the Dec-
laration of Helsinki of the World Medical Association (1964,
ed. 2013) and approved by the Biomedical Ethics Commit-
tee at the Scientific Centre for Family Health and Human Re-
production Problems (Extract from meeting No. 8.4 of No-
vember 2, 2018).

The research materials were plasma and serum. The S-
monovette dipotassium ethylene diamine tetraacetic acid
(K3-EDTA) blood collection system (Sarstedt, Germany)
was used for venous blood collection (10 mL). The analysis
was conducted after overnight rest of subjects, blood was
taken on an empty stomach, between 8.00 and 9.00 a. m.Im-
mediately after collection, blood was centrifuged at 1500x g
for 10 min to separate the plasma from the erythrocytes.
Plasma was taken, and the erythrocytes were washed
three times in cold saline solution (0.9 % NaCl, w/v). Then,
the erythrocytes were hemolyzed by adding 9 volumes
of cold 50 mM phosphate buffer of pH = 7.4 (v:v). Samples
were kept frozen at the temperature of —40 °C until use.

Theintensity of the lipid peroxidation processes was as-
sessed by the content of unsaturated double bonds (DB), pri-
mary products — conjugated dienes (CDs), and secondary —
ketodienes and conjugated trienes (KD and CT) products
by the method of I.A. Volchegorskiy et al. (1989) [14], based
on the intensive absorption of conjugated diene structures
by lipid hydroperoxides in the range 220, 232 and 278 nm.
The content of end products - thiobarbituric acid reactive
substances (TBARs) and Schiff basis (SB) — was determined
in the reaction with thiobarbituric acid in the range 532
and 440 nm using the fluorimetric method of V.B. Gavrilov
etal. (1987) [15]. Total antioxidant activity (TAA) was evalu-
ated by the method of G.I. Klebanov et al. (1988) [16]. To eva-
luate TAA, a model system, which is a lipoprotein suspen-
sion of chicken egg yolk that allows to evaluate the ability
of blood serum to inhibit the accumulation of TBARs in sus-
pension, was used. LPO was induced by adding FeSO ,*7H,0.
The content of reduced and oxidized glutathione (GSH
and GSSG) was determined by P.J. Hissin, R. Hilf (1976) [17],
the activity of superoxide dismutase (SOD) was measured
using the method of H.P. Misra, |. Fridovich (1972) [18]. Con-
centrations of a-tocopherol and retinol were determined us-
ing the method of R.Ch. Chernyauskene et al. (1984) [19].
The method provides for the removal of substances that pre-
vent determination by saponification of samplesin the pres-
ence of large amounts of ascorbic acid and extraction of un-
saponifiable lipids with hexane, followed by fluorometric
determination of the content of a-tocopherol and retinol.
At this, a-tocopherol has intense fluorescence with maxi-
mum of excitation atA =294 nm and radiation atA=330 nm;
retinol at A = 335 and A =460 nm.

Plasma was analyzed to determine the levels of lipid per-
oxidation products (DB, CDs, KD and CT, TBARs, SB) and an-
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tioxidant defense factors (TAA, a-tocopherol, retinol). SOD,
GSH, and GSSG were estimated in erythrocytes.

The measurements were carried out using a spectro-
photometer SF-2000 (Russia), a spectrofluorophotometer
BTS-350 (Spain) and fluorate 02 ABFF-T (Russia).

The work was carried out using the equipment
of the Center for the Development of Advanced Personal-
ized Health Technologies of the Scientific Centre for Family
Health and Human Reproduction Problems, Irkutsk.

To analyze the obtained data, the statistical package
Statistica 10.0 (StatSoft Inc., USA) was used. To determine
the proximity to the normal law of distribution of quantita-
tive characteristics, a visual-graphical method and Kolmogo-
rov — Smirnov agreement criteria with the Lilliefors and Sha-
piro — Wilk correction were used. Equality of common var-
iances was tested using Fisher’s test (F-test). The nonpara-
metric Mann — Whitney test was used to analyze intergroup
differences for independent samples. The critical signifi-
cance level was set at 5 % (0.05).

RESULTS AND DISCUSSION

The obtained data are presented in Table 1.

Data analysis in children with seasonal influenza in age
group 1 showed statistically significantly higher values
of compounds with unsaturated DB, CDs, KD and CT com-
pared to the corresponding control (Table 1).

In the group of children of age group 2 with influen-
za, the differences concerned increased values of CDs,
KD and CT and TBARs (Table 1).

The AOD system in age group 1 of children with influ-
enza was characterized by lower levels of a-tocopherol, reti-
nol and higher values of GSSG (Table 1).

Children of age group 2 had lower values of a-tocopherol,
retinol, total AOA and higher values of GSSG (Table 1).

No statistically significant differences were obtained
between different age groups of children with influenza.

In the formation of homeostasis of any living or-
ganisms, LPO-AOP processes play an important role,
which has been proven by numerous scientific studies [7,
20].In a healthy body, two processes occur in parallel in all
cellsand membranes: on the one hand, itis LPO and the for-
mation of free radical metabolic products; on the other
hand, it is a powerful antioxidant defense [20]. Hyperacti-
vation of these processes leads to the formation of oxida-
tive stress, which is of significant importance in the patho-
genesis of infectious diseases [21]. LPO metabolites lead
to proliferation of cells of the immune system, accumula-
tion of neutrophils at the site of inflammation, change sur-
face receptorsin macrophages, and increase the expression
of adhesion molecules on endothelial cells [7]. The death
of the infectious agent in the pathogenesis of inflammato-
ry reactions is possible only if one’s own tissues are dam-
aged at the site of injury. As a result of free radical oxida-
tion, damage to mitochondrial membranes and nuclear
structures of cells occurs, this in turn leads to the destruc-
tion of blood vessels and barrier mechanisms at the cellu-
lar level, resulting in the development of a disease with in-



TABLE 1

LEVELS OF LPO PRODUCTS AND AOD COMPONENTS IN CHILDREN OF TWO AGE GROUPS WITH SEASONAL INFLUENZA,

ME (Q1; Q3)

Parameters

DB, units

CDs, umol/L

KD and CT, units

TBARSs, pmol/L

SB, units

retinol, umol/L

a-tocopherol, pmol/L
TAA, units

GSSG, mmol/L

GSH, mmol/L

SOD activity, units

Control
(1 month -
2.11 years)

(n=17)

1

1.54 (1.22; 1.80)

1.19(0.96; 1.38)

0.47 (0.28; 0.80)

1.03(0.92; 1.33)

0.04 (0.03; 0.05)

1.75(1.63; 1.97)

10.00 (9.47; 11.74)

16.43 (8.87; 26.28)

1.86 (1.56; 2.22)

2.42(2.11;2.65)

1.56 (1.55; 1.60)

Influenza
(1 month -
2.11 years)

(n=178)

2

2.46 (1.68;3.18)

2.30 (1.68; 3.25)

0.76 (0.48; 1.36)

1.47 (0.83; 2.01)

0.05(0.03; 0.09)

1.23(1.08; 1.58)

6.28 (5.30; 7.46)

12.15 (8.62; 15.94)

2.33(2.23;2.57)

2.34(2.24;2.52)

1.61(1.57; 1.68)

Control Influenza
(3-6 years) (3-6 years)
(n=30) (n=63) p
3 4
1.94 (1.68; 2.18) 2.23(1.48;3.01) p,_,=0,001
_ . p,_, <0,0001
1.00 (0.82; 1.38) 2.33(1.44;3.12) P, , <0,0001
_ . p,_,=0,004
0.37 (0.24; 0.66) 0.74(0.42; 1.14) p, . <0,0001
0.82(0.62; 1.13) 1.55 (1.08; 2.06) p5_, < 0,0001
0.05 (0.04; 0.06) 0.07 (0.03;0.12)
_ . p,_, <0,0001
1.32(1.14; 1.88) 1.22(0.95; 1.51) P, =0012
867 (6.351022)  6.27 (5.05;7.47) Py < 0,0001
P5_, < 0,001
18.01 (14.68;26.81) 12.20(8.27; 15.76) P34 < 0,0001
. . p,_,=0,002
1.96 (1.69; 2.46) 2.32(2.12; 2.55) p,.=0035

2.52(2.24;2.66)

1.56 (1.52; 1.59)

2.33(2.27;2.58)

1.60 (1.55; 1.64)

Note. p - statistically significant differences between groups with influenza and control groups.

flammatory, toxic and autoimmune mechanisms in patho-
genesis [22, 23]. The synthesis of various other metabolites
leads to persistent changes in the composition of biomem-
branes, the development of a serious imbalance in the LPO-
AOD system, and they further have a damaging effect on
healthy cells of the body.

We have shown an increase in the content of lipid per-
oxidation products in children with seasonal influenza, re-
gardless of the child’s age. It is known that the end prod-
ucts of lipid peroxidation can change the functional activ-
ity of phagocytes, inhibit the biosynthesis of superoxide
radicals by neutrophils, slow down phagocytosis in mono-
cytes and neutrophils, having pronounced chemotactic
activity [24]. The described changes are possible under
conditions of a significant deficiency of antioxidant sub-
strates. In our study, we found a pronounced deficiency
of fat-soluble vitamins in children with seasonal influen-
za, regardless of age. At the same time, in young children
there was an increase in the oxidized form of glutathione,
and at the age of 3-6 years — a decrease in the total anti-
oxidant activity of blood serum. Fat-soluble vitamins (to-
copherols and retinol) are present in the fat layer of cell
membranes and are able to neutralize free radicals [19]. Al-
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pha tocopherol is the biologically most active of the toco-
pherols; it limits free radical reactions, being a donor of hy-
drogen ions, like ascorbate. Due to its lipophilicity, the to-
copherol molecule has the ability to integrate into the li-
pid layer of cell membranes, providing membrane protec-
tive and membrane stabilizing effects. Alpha-tocopherol
can maintain the functional integrity of the outer plasma
membrane of cells, can participate in the mechanisms of tis-
sue respiration in mitochondria, regulate the functioning
of cell enzyme systems, thereby preventing LPO activity
[24]. The greatest antioxidant properties among retinol pre-
cursors has beta-carotene; it has conjugated double bonds
and is capable of rapid oxidation using free radical oxida-
tion mechanisms [25]. When antioxidant defense is sup-
pressed, free radical damage occurs to various cell struc-
tures and tissues [26, 27].

The results of our study are confirmed by literature
data. It is known that in uncomplicated forms of influen-
za A among pediatric patients, there is a decrease in AOD
and a significant increase in LPO processes, depending
on the severity of the clinical course of the viral infec-
tion. In patients with influenza A who had complications
in the form of viral-bacterial pneumonia, AOD is signifi-



cantly weakened, and LPO processes are very active [26].
It was previously studied that influenza produces reactive
oxygen species of mitochondrial origin, which destroys lung
epithelial cells, leading to their histopathological damage.
Pore-forming toxins produced as a result of necroptosis fur-
ther aggravate the damage to lung tissues and structures,
while creating a breeding ground for the spread of patho-
genic bacteria [27]. The use of drugs with antioxidant prop-
erties in the treatment of viral infections, in particular influ-
enza in children, can lead to the elimination of necroptosis
and reduce the severity of the disease complicated by a sec-
ondary bacterial infection [27, 28].

Thus, the study confirms the importance of lipid peroxi-
dation processes in the pathogenesis of infectious patholo-
gy, including the formation of complicated and uncompli-
cated forms of seasonal influenza in children.

CONCLUSION

In conclusion, we would like to note that there are high-
er rates of primary, secondary and end products of lipid
peroxidation, and a pronounced lack of fat-soluble vita-
mins in children with seasonal influenza, regardless of age.
In young children, higher levels of the oxidized form of glu-
tathione were observed, in 3-6 years old children - re-
duced production of antioxidant factors. In connection
with the changes in the LPO-AOD system identified in our
study, we recommend implementing measures aimed
at correcting the above indicators, namely, prescribing
medications with antioxidant properties for the treatment
of children with seasonal influenza.
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