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ABSTRACT

Introduction. Respiratory diseases occupy a leading place in the structure of pa-
thology of childhood. The proportion of influenza and acute respiratory viral infec-
tions among all infectious diseases is 90 %. The literature describes gender differ-
ences in theimmune response to respiratory infections in children, but there is a gap
in the description of the cytokine profile in children with influenza depending
on gender and age.

The aim of the study. To analyze clinical and laboratory parameters as well as cy-
tokine profile parameters in children with influenza.

Materials and methods. A single-stage descriptive study was conducted
with the participation of 50 children from 1 to 11 years of age with a diagnosis of in-
fluenza who were on inpatient treatment at the Irkutsk Regional Infectious Diseases
Clinical Hospital from December 2018 to January 2019. The clinical and labora-
tory features of the course of influenza in children and the duration of treatment
were determined. The concentration of cytokines interleukin (IL) 18, IL-4, IL-6, IL-8,
tumor necrosis factor alpha (TNF-a), interferon alpha and gamma (INF-a, INF-y)
in blood plasma was determined by enzyme-linked inmunosorbent assay (ELISA)
using diagnostic test systems manufactured by Vector-Best (Novosibirsk, Russian
Federation) on the analyzer Multiscan EX (Thermo Electron, Germany). The control
group consisted of practically healthy children without signs of acute respiratory
viral infection (n = 50; mean age - 5.3 + 2.6 years).

Results. When comparing clinical and laboratory data and cytokine profile param-
eters in children with influenza, no gender differences were found. There was a statisti-
cally significant increase in the level of pro-inflammatory cytokines IL-10, IL-6, IL-8,
TNF-aq, INF-a, as well as CRP, anti-inflammatory cytokine IL-4 in influenza in all age
categories, in contrast to the control group (p < 0.05).

Conclusion. Influenza in children of different sexes proceeds classically without
a statistical difference in clinical and laboratory parameters and in the level of cy-
tokines.
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PE3IOME

BesedeHue. bosne3HU op2aHO8 ObIxaHUsA 3aHUMAarm gedyujee Mecmo 8 CmpykK-
mype namosio2uu 0emcko20 803pacma. YoesbHsil 8ec 2punna u ocmpou pecnu-
pamopHoU supycHol uHgekyuu (OPBU) cpedu 8cex UHeKyUOHHbIX 6one3Hel
cocmasnsem 90 %. B numepamype onucaHel 2eHOepHble paznuqus 8 UMMYHHOM
omeeme Npu pecnupamopHseIx UHghekyusx y demet, 00HAKo cywjecmayem npoben
8 ONUCAHUU YUMOKUHO8020 npoghusis y 0emeli C 2pUNNOM.

Lens uccnedoeanus. [Iposecmu aHanu3 KAUHUYECKUX U 1a6OpamopHbIxX NOKa-
3ameriell, a makxe napamempos UUMOKUHO08020 npogusia y demeli C 2punnom.
Mamepuan u memoosl. [IposedeHO 0OHOMOMEHMHOe CpasHUMesIbHoe UCC1edo-
8aHue ¢ yuacmuem 50 demeti om 1 200a 0o 11 siem ¢ OuazHoO30M 2punn, Komopele
Haxoounuce Ha cmayuoHapHom sieyeHuu 8 OrbY3 «Mipkymckas obnacmHas uHgex-
YUOHHASA KIIUHUYeckas 6os1eHUYa» ¢ 0ekabps 2018 no aHeape 2019 2. Onpedensnuce
KJIUHUYecKue, 1abopamopHsie 0cobeHHOCMuU meyeHus 2punna y demed, npooosi-
XXUmesibHoCmb sieueHuUs. KoHueHmpauus yumokuHos uHmepsetikuHa (IL) 10, IL-4,
IL-6, IL-8, pakmopa Hekpo3a onyxonu a (TNF-a, tumor necrosis factor a), uHmep-
¢epona (INF) a, INF-y u sbicokouyscmaumesnsHo2o C-peakmugHozo besnka (CPb)
8 NJ1asmMe Kpo8u onpedenfaacs MemooomM meepoogpa3zHo20 UMMYHOGHepMeHMHO20
aHanuza (MOA) c ucnonvbsogaHuem 0UazHOCMUYECKUX mecm-cucmem npou3800-
cmaa «Bekmop-becm» (2. Hogsocubupck) Ha aHanuzamope MynemuckaH EX (Thermo
Electron, lepmaHus). KoHmMposbHyto 2pynny cocmasianu npakmuyecku 300posble
demu 6e3 npusHakos OPBU (n = 50; cpedHuli 8o3pacm 5,3 + 2,6 200a).
Pesynemamel. [Ipu cpagHeHUU KJIUHUKO-1a60pamopHbiX OaHHbIX U NapaMmempos
YUMOKUHOB8020 npoghusis y Oemeli C 2pUnNNOM 2eHOepHbIX pa3uyuli He 8bis8/1eHo.
Ommeyaemcs cmamucmuyecku 3HA4YUMOe NOB8bllEHUEe YPOBHA NPOBOCNAIU-
mesnbHbix yumokuHos IL-10, IL-6, IL-8, TNF-a, INF-a, a makxe CPb, npomugogoc-
nanumesibHO20 YUMOKUHA IL-4 npu epunne 80 8cex 803pACMHbIX KAMe20PUsX,
8 omJiu4due om KoHmMposbHou epynnei (p < 0,05).

3aknoyeHue. [punn y 0emeli pa3Ho20 Nosa npomexkaem kaaccudecku 6e3 cma-
mucmuyeckol pasHUYsl 8 KIUHUKO-1a60pamopHbIX NOKA3AaMesiax U 8 yposHe
YUMOKUHOB.

Knioueevnle cnoea: 2punn, KJUHUYECKAs KAPMUHA, YUMOKUHbI, 0emu
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INTRODUCTION

Among the aetiologically diverse groups of respiratory
viral infections, influenza is a more serious concern and re-
mains an uncontrollable global infection that causes enor-
mous socioeconomic damage. The World Health Organiza-
tion estimates that influenza and respiratory diseases affect
100 million people (5 to 30 % of the world’s population) each
year. According to the Ministry of Health of the Russian Fed-
eration, economic losses from influenza and acute respir-
atory viral infection (ARVI) account for 86 % of all damage
caused by infectious diseases. The magnitude of the dam-
age caused by influenza and influenza-like infections to pub-
lic health and the economy of any country can be compared
with those for injuries, cardiovascular diseases and malig-
nant neoplasms [1].

Markers of the severe course of pandemic influenza
AH1N1pdm09in adolescents and adults are elevated blood
concentrations of cytokines such as tumour necrosis fac-
tor alpha (TNF-a) and interleukin (IL) 6 [2]. Similarly, in pan-
demic influenza complicated by pneumonia, albeit in child-
hood, there is an increased synthesis of anti-inflammatory
mediators and decreased concentration of pro-inflamma-
tory cytokines IL-1 and TNF-a [3]. The same markers are as-
signed a leading role in the development of cytokine storm
in influenza patients [4, 5].

Higher plasma IL-6 and TNF-a concentrations in na-
sopharyngeal wash samples have been described in over-
weight children [6, 7]. These children also have higher mor-
bidity and mortality in influenza and a high risk of develop-
ing secondary bacterial infections [8].

A similar pattern of pro-inflammatory cytokine se-
cretion of TNF-a and IL-6 has been observed in influenza
type A and B in children. In influenza caused by influen-
za A virus, cytokine output with a predominance of Th2 in-
flammation is observed; IL-4 output is particularly elevat-
ed, which is not observed in influenza B [9].

There is uneven agreement among different au-
thors as to which type of influenza virus variant — season-
al or pandemic - is predominant in childhood. Some au-
thors indicate that seasonal influenza more often causes
illness in children under 2 years of age: the infection is par-
ticularly severe in children under 6 months of age; pan-
demic influenza, on the contrary, more often affects chil-
dren of preschool age, occurs more often in children over
5 years of age [10]. Other authors have reported the oppo-
site: the pandemic variant of influenza is statistically sig-
nificantly more common in children of the first year of life,
while the seasonal variant is more common in children
of primary school age [11].

Influenza has moderate form in young children,
and only 16 % of cases have a severe course of the disease.
Among the symptomes, catarrhal inflammation of the up-
per respiratory tract and intoxication syndrome predom-
inate [12].

In the disease pattern of influenza in children, ace-
tonemic syndrome is observed in 26.3 % of cases, as well
as isolated cases of neurotoxicosis and haemorrhagic syn-
drome [13, 14].
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Nowadays, it has been proved that influenza type A,
especially the virus subtype containing neuramini-
dase N2, is associated with a more severe course of in-
fection, more often complicated by secondary bacterial
infection [15, 16].

In respiratory viral infections, oxidative stress is active-
ly involved in the mechanisms of sustaining homeostatic
disturbances; antioxidant drugs such as vitamin C, N-ace-
tylcysteine, quercetin, glutathione, fat-soluble vitamins
and polyunsaturated fatty acids have proven themselves
in clinical trials in influenza, pneumonia and other respira-
tory diseases [17, 18].

Male subjects have higher synthesis of pro-inflamma-
tory cytokines such as IL-6 and TNF-g; female subjects have
high synthesis of the anti-inflammatory cytokine IL-10. Gen-
der differences in immune response have been attributed
to hormonal factors. There is speculation that women’s de-
fense against infections is associated with the pro-inflam-
matory effects of estradiol, while men’s susceptibility to in-
fections is associated with immunosuppression as a conse-
quence of testosterone effects, possibly involving specific
receptors [19].

There is a significant difference between girls and boys
in the concentration of C-reactive protein (CRP), erythro-
cyte sedimentation rate (ESR), neutrophils in inflammato-
ry processes in children with pneumonia, pyelonephritis,
bronchiolitis [20].

Recently, there is a limited number of studies devot-
ed to the analysis of cytokine profile parameters in chil-
dren with influenza; there is also insufficient information
on gender differences in acute respiratory viral infections
in children.

THE AIM OF THE STUDY

To analyse clinical and laboratory parameters
and to assess cytokine profile parameters in children
with influenza.

MATERIALS AND METHODS

A one-stage comparative study was conducted
with the participation of 50 children aged 1 to 11 years old,
who from December 2018 to January 2019 were admitted
for inpatient treatment in the Irkutsk Regional Infectious
Diseases Clinical Hospital with a diagnosis of influenza.

Distribution of children by age groups was per-
formed according to the periodisation of childhood us-
ing the scheme of N.P. Gundobin: early childhood -
from 1 to 3 years; preschool age, middle childhood
or the 1st period of childhood - from 3 to 7 years; young-
er school age, older childhood or the 2nd period of child-
hood - girls from 7 to 11 years, boys from 7 to 12 years.

The clinical features of the influenza course in children
were analysed with consideration of the disease duration,
number of days spent in hospital, main and concomitant
diagnoses, presence of complications, disease outcome,



and history of influenza vaccine prophylaxis. Disease
pattern was assessed by complaints, occurrence, nature
and duration of symptoms of rhinitis, cough, intoxication
(lethargy, refusal to eat, nausea or vomiting at the peak
of fever, general weakness, sleep disturbance) and fe-
ver (body temperature increase from 37.2 to 38.0 °C -
subfebrile fever; from 38.1 to 39.0 °C - febrile fever;
from 38.1 to 39.0 °C - febrile fever; 39.1 to 40.0 °C - py-
retic fever), other clinical manifestations (rash, cramps,
sore throat, headache, muscle pain), deviations of labo-
ratory indicators of general and biochemical blood tests
and general urinalysis on admission, volume and dura-
tion of infusion, antiviral and antibacterial drug therapy
throughout the disease.

The concentration of highly sensitive CRP and cy-
tokines IL-1pB, IL-4, IL-6, IL-8, TNF-q, INF-a, INF-y in blood
serum was determined by solid-phase enzyme immuno-
assay (EIA) using diagnostic test systems produced by Vec-
tor-Best (Novosibirsk) on a MultiscanEX microplate photom-
eter (Thermo Electron, Germany). Blood sampling to de-
termine the level of CRP and cytokines was performed
in the first 3 days of the disease at admission to the hospi-
tal. The main group consisted of children diagnosed with
influenza (n = 50), control group - of 50 practically healthy
children without signs of ARVI or 14 days after acute viral
infection (mean age of children - 5.3 + 2.6 years). The study
protocol was approved by the Biomedical Ethics Commit-
tee of Scientific Centre for Family Health and Human Repro-
duction Problems (excerpt from the minutes of the meet-
ing No. 8.4 dated November 02, 2018).

Analysis and statistical processing of information were
performed using MS Excel (Microsoft Corp., USA) and Sta-
tistica 6.0 application software package (StatSoft Inc., USA).
The confidence interval with significance level of 95 %
(95 % ClI) for frequencies and fractions was calculated us-
ing an online calculator at Vassar Stats: Website for Sta-
tistical Computation'. Qualitative characters are present-
ed as absolute (n) and relative values (P), quantitative
characters are presented with median (Me) plus 25th and
75th quartiles (Q25; Q75). In the analysis of qualitative char-
acters, the relative frequency of the characteristic (preva-
lence) P and 95 % Cl were assessed. Statistical significance
of intergroup differences in qualitative characters was as-
sessed using the x? criterion: at P,, . < 10 — with Yates cor-
rection,atP_,  <5-using Fisher’s two-sided exact test. Sta-
tistical significance of two unrelated groups was assessed
by Mann - Whitney test (U-test). The critical level of sta-
tistical significance in testing statistical hypotheses about
the existence of differences between groups (p) was con-
sidered to be 0.05.

RESULTS AND DISCUSSION
In the study group, the sex distribution was almost
equal: the proportion of boys was 52 % (n = 26), girls — 48 %

(n =24). The mean age of the children was 3 + 2.6 years.

T http://vassarstats.net/
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The diagnosis of influenza was verified by polymerase
chain reaction comprehensive diagnosis with typing of in-
fluenza A/B strains in 96 % of children (n = 48) in the study
group. Influenza A serotype H1N1sw2009 predominated
in the etiologic structure: it was observed in 76 % of cases
(n = 38). Influenza AH3N2 was the second most frequent-
ly observed - 16 % (n = 8). Clinically, influenza A was diag-
nosed in 4 % of patients (n = 2), mixed viral infection influ-
enza AH1N1 + respiratory syncytial mixtovirus infection
in2% (n=1),and influenza AH1N1 + bocavirus mixtovirus
infectionin2% (n=1).

Along with the main diagnosis, concomitant pathol-
ogy was also considered: acute intestinal infection (rota-
and norovirus etiology) in 16 % of cases (n = 8), atopic der-
matitis in 2 % (n = 1), hypochromic anaemia in 6 % (n = 3).
Complications of the underlying disease were observed
in 30 % of patients (n = 15): acetone vomiting syndrome
or ketoacidosis syndromein 12 % (n=6), pneumoniain 16 %
(n = 8), acute obstructive bronchitisin 2% (n=1).

The mean duration of children’s admission to hos-
pital was 5 + 1.6 days. In analysing the vaccination his-
tory, it was found that influenza vaccination was per-
formed in 16 % of cases (n = 8), 72 % of patients (n = 36)
were not vaccinated against influenza, and 12 % of patients
(n = 6) had no information about vaccination.

Clinical features of the influenza course in children
were assessed by the presence of complaints and objective
examination data. The prevalence of complaints and clini-
cal manifestations in the study group were as follows: phar-
yngeal hyperemia - 96 % (n =48), rhinorrhea - 66 % (n = 33),
cough -84 % (n =42), sore throat and pain when swallow-
ing - 6 % (n = 3), back pain abdominal and loose stools -
8% (n =4), intoxication syndrome —38 % (n=19), including
fever — 92 % (n = 46), lethargy, drowsiness — 44 % (n = 22),
weakness — 34 % (n = 17), vomiting — 28 % (n = 14), de-
creased appetite — 26 % (n = 13), headache - 8 % (n = 4),
convulsions - 4 % (n = 2), ear pain and dizziness - in single
cases, muscle and joint pain was not observed in anyone.
In describing the nature and duration of respiratory symp-
toms, children diagnosed with influenza were observed
to have the following predominant symptoms: mucous
runny nose — 72 % (n = 36) with a duration of 5 + 2.48 days;
dry cough - 84 % (n = 42) and wet cough - 6 % (n = 3).
The median fever was 38.5 + 0.68° and the duration of fe-
ver was 2 + 1.45 days.

The clinic of influenza in children corresponds
to the forme pleine: mucous runny nose, dry cough, fever,
and hyperemia of the pharynx predominate in 96 % of cas-
es. No statistical differences were revealed cause-specif-
ic to the gender of the child in terms of both the preva-
lence of clinical manifestations (Table 1) and the duration
of the main symptoms (Table 2).

No differences between the gender groups were also
revealed while comparing the main haematological and bi-
ochemical parameters of blood and urine in children with
influenza (Table 3).

In the epidemic season of 2009, according to the find-
ings of S.A. Chavanina et al. (2011), among the peculiarities
of seasonal influenza it was observed that in 25 % of cases



patients were being admitted to hospital on the 6-9th day
from the onset of the disease, often against the back-
ground of already developed complications. The height
of fever was higher in children with seasonal influenza
AHTNT (mean - 39.2 °C vs. 37.9 °C in pandemic influen-
za A HIN1sw2009); marked intoxication and haemorrhag-
ic syndrome were statistically significantly more prevalent
in seasonal influenza AH1N1 [21]. The analysis of haemato-
logical changes revealed a high incidence of leukocytosis
in patients with influenza AH1N1 (33.3 %) [22], while in our
study we obtained data revealing that leukocytosis in chil-
dren with influenza was observed in 6 % of cases and ac-
celerated ESR syndrome in 42 % of cases.

The duration of infusion, antiviral and antibiotic thera-
py for influenza in children of different sexes did not differ.
All hospitalized children were discharged with recovery.

Determination of cytokine and high-sensitivity CRP con-
centrations in children with influenza during the first days
of hospitalisation was compared with a group of healthy
children standardised by the copy-pair method. The meth-

TABLE 1

od is based on the selection for each observation unit
of the group under study by one or more characteristics,
in this case - by gender, age; this method of selection is ex-
pedient for studying rare phenomena. The levels of CRP
and cytokine profile parameters studied in healthy chil-
dren were within the reference range according to the test
system manufacturer’s instructions: CRP < 5 pg/ml;
IL-1B8 < 11 pg/mL; IL-4 < 4 pg/mL; IL-6 < 10 pg/mL;
IL-8 < 12 pg/mL; TNF-a < 6 pg/mL; INF-a < 11 pg/mL;
INF-y < 20 pg/mL. In the serum of children with influen-
za, the concentrations of IL-1pB, IL-4, IL-6, IL-8, TNF-q, INF-y
and CRP were significantly higher than the upper limit
of the range.

A number of literature sources provide age and gender
differences in the levels of pro- and anti-inflammatory cy-
tokines in children, which isimportant to consider when in-
terpreting cytokine status parameters [2, 21, 23].

No statistically significant differences were revealed
by analysing cytokine levels associated with influenza
in children of different genders (Table 4).

MAIN CLINICAL SYMPTOMS IN CHILDREN WITH INFLUENZA ACCORDING TO GENDER (n = 50)

Indices Influenza A, boys (n = 26)
Mucous rhinitis 19 (73 %)
Dry cough 17 (65.4 %)
Fever 15 (57.7 %)
Intoxication 10 (38.5 %)

Pharynx hyperemic 25 (96.2 %)

Drowsiness, lethargy 11 (42.3 %)

Weakness 9 (34.6 %)

Vomiting 6(23.1 %)

Note. * - differences are statistically significant at p < 0.05.

TABLE 2

Influenza A, girls (n = 24) P (Fisher’s exact criterion)

17 (70.8 %) 0.554
19 (79.2 %) 0.222
22 (91.6 %) 0.539
9(37.5 %) 0.588
23 (95.8 %) 0.734
11 (45.8 %) 0.513
8(33.3 %) 0.581
7 (29.2 %) 0.433

DURATION OF MAJOR CLINICAL PARAMETERS IN CHILDREN WITH INFLUENZA ACCORDING TO GENDER

Duration of symptoms Influenza A, boys (n = 26)

(days) Me (Q25; Q75)
Rhinitis 5(3;6)
Cough 5 (4;6)
Fever 2(2;4.25)

Note. *— differences are statistically significant at p < 0.05.
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Influenza A, girls (n = 24)

Me (Q25; Q75) p (U-test)
5(1.5;5) 0.302
54&7) 0.380
2(:3) 0.482



TABLE 3

LABORATORY PARAMETERS IN CHILDREN WITH INFLUENZA ACCORDING TO GENDER

Influenza A, boys (n = 26)

Influenza A, girls (n = 24)

Indices Me (Q25: Q75) Me (Q25: Q75) p (U-test)
Erythrocytes, x10'2 4.35 (4.06; 4.70) 4.36 (4.07;4.79) 0.917
Hemoglobin, g/L 120 (113.00; 127.00) 120 (113.25; 127.00) 0.796
Platelets, x10° 226 (191.75; 250.75) 226 (187.25; 252.25) 0.358
Leukocytes, x10° 3.57 (2.73;5.00) 3.59(2.74;4.93) 0.796
Stab neutrophils, x10° 1.84(0.98; 3.34) 1.84 (0.98; 3.16) 0.876
Segmented neutrophils, x10° 0.84 (0; 2.27) 0.00 (0.00; 1.37) 0.515
Lymphocytes, x10° 1.32(1.08; 1.89) 1.32(1.09; 1.88) 0.764
Monocytes, x10° 0.43 (0.34; 3.00) 0.48 (0.34; 3.00) 0.287
Eosinophils, x10° 0.03 (0.01; 0.06) 0.03 (0.01;0.07) 0.392
ESR, mm/h 12 (5.00; 19.00) 12 (5.00; 19.00) 0.179
C-reactive protein, mg/L 17.10(3.87; 18.30) 15.10 (5.57; 18.10) 0.926
Total protein, g/L 67.10 (60.25; 70.93) 67.60 (60.63; 70.98) 0.983
Glucose, mmol/L 4.02 (3.52;4.58) 4.02 (3.54;4.49) 0.664
AST, U/L 51.25(38.15; 68.38) 51.25(38.36; 67.53) 0.529
ALT, U/L 15.25(10.95; 21.25) 15.25(10.85; 20.95) 0.860
Creatinine, pmol/L 449 (41.12;53.15) 45.35(41.33; 53.25) 0.278
Urea, mmol/L 1.53 (0.00; 3.86) 1,53 (0.00; 3.79) 0.967
Amylase, U/L 0(0.00; 34.30) 0(0.00; 35.10) 0.332
Urine specific gravity, g/L 1020 (1013.75; 1020.00) 1020 (1015; 1020) 0.470
Ketones in urine, mg/dL 0(0.00; 0.50) 0(0.00; 0.50) 0.489
Note. ESR - erythrocyte sedimentation rate; AST — aspartate aminotransferase; ALT — alanine aminotransferase; * — differences are statistically significant at p < 0.05.
TABLE 4
CYTOKINE LEVELS IN CHILDREN WITH INFLUENZA CAUSE-SPECIFIC TO GENDER
Cytokine concentration Influenza A, boys (n = 26) Influenza A, girls (n = 24)
(pg/mL) Me (Q25; Q75) Me (Q25; Q75) PUERERD)
IL-1B 8.10(3.25; 12.45) 8.30(2.75; 21.80) 0.853
IL-4 3.80 (1.95; 6.60) 3.2(1.92; 4.45) 0.593
IL-6 18.30(13.42;32.77) 22.50(14.20; 41.82) 0.509
IL-8 157.55(72.02; 233.17) 183.70 (102.85; 287.30) 0.361
TNF-a 2.25(1.70; 4.03) 2.55(1.30;4.52) 0.961
IFN-a 27.35 (4.90; 54.80) 21.4(13.75; 59.03) 0.838
IFN-y 1.60 (0.85; 5.50) 1.2(0.35;3.17) 0.289

Note. * — differences are statistically significant at p < 0.05.
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Analysis of cytokine and CRP levels in influenza among
children of different ages revealed that children of primary
school age have increased synthesis of IL-1(, IL-6, IL-8, IFN-q,
in contrast to young children, but no statistically significant
differences were revealed (p > 0.05) (Table 5).

Increased synthesis of IL-4, TNF-q, IFN-y was observed
in young children, in contrast to preschool and primary
school children; no statistically significant differences were
revealed (p > 0.05) (Table 5).

TABLE 5

CYTOKINE AND C-REACTIVE PROTEIN LEVELS
IN CHILDREN WITH INFLUENZA CAUSE-SPECIFIC TO AGE

. Influenza A,

Indices Me (Q25: Q75) p (U-test)
IL-1B! 5.50(12.89; 28.64) 0.614
IL-1B2 6.60 (9.29; 17.26) 0.159
IL-1B3 14.50 (23.85; 63.29) 0.299

IL-4" 3.60(1.95; 4.33) 0.470
|L-42 3.35(2.70; 5.02) 0.792
IL-43 3.45(1.86; 4.94) 0.760
IL-6 14.80 (28.59; 63.55) 0.626
IL-62 18.90 (11.00; 20.43) 0.278
IL-63 31.60 (44.40; 117.85) 0.215
|L-87 119.65 (88.71; 197.13) 0.581
|L-82 199.24 (70.69; 131.32) 0.121
IL-83 247.80 (76.87; 204.04) 0.161

TNF-a' 3.15(3.15; 7.00) 0.277

TNF-02 1.75(1.18; 2.20) 0.769

TNF-o3 2.70(15.69; 41.66) 0.117
IFN-y’ 2.55(2.93;6.51) 0.284
IFN-\(2 1.20(2.19; 4.07) 0.953
IFN-y3 1.40 (2.75;7.31) 0.451
IFN-a’ 31.85(17.04; 37.86) 0.338
IFN-02 17.00 (43.39; 80.61) 0.364
IFN-a3 45.75 (45.96; 121.99) 0.230
CRP' 14.55 (5.615;12.477) 0.322
CRP 2 17.20 (5.84; 10.85) 0.953
CRP3 15.25 (5.95; 15.80) 0.439

Note. ' - age category of children from 1 year to 2 years 11 months 29 days (n = 14); 2 - age category
of children from 3 years to 6 years 11 months 29 days (n = 22); > — age category of children from 7 to 11 years
inclusive (n = 14); * — differences are statistically significant at p < 0.05.
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Preschool children have increased synthesis of CRP,
as opposed to children of other age categories; no sta-
tistically significant differences were revealed (p > 0.05)
(Table 5). The pro-inflammatory cytokines IL-1(,
IL-6, IL-8 and anti-inflammatory IFN-a are elevated in se-
rum among children with seasonal influenza com-
pared to healthy controls, with IL-6 concentration
statistically significantly increased in all age groups
(p < 0.05). In the age group of 7-11 years, a more
significant increase was revealed in serum IL-1p -
14.50(23.85;63.29) pg/ml, IL-8 — 247 (76.87; 204.04) pg/ml,
IFN-a - 45.75 (45.96; 121.99) pg/ml, compared to children
of early and preschool age. Such results in school-age chil-
dren can probably be explained both by a more efficient re-
alisation of phagocytic neutrophil functions and by a more
pronounced activity of inflammation. An increase in serum
interleukins 1-f3, IL-8 and INF-a is considered by some au-
thors as unfavourable prognostic signs against the devel-
opment of pneumonia and its prolonged and complicat-
ed course [21, 24, 25]. The interpretation of the increase
in pro-inflammatory cytokine levels, according to the lit-
erature data, has a contradictory character and further
requires the analysis of the relationship of systemic con-
centrations of IL-1pB, IL-6, IL-8 and TNF-a with the severity
and duration of intoxication syndrome, the peculiarities
of the influenza course.

One of the key cytokines in the implementation of an-
tiviral and anti-infectious immunity is IL-4, which provides
induction of immune response through the humoral path-
way. The cell-mediated Th1-type response is most effec-
tive in viral infections; therefore, in a number of diseases,
IL-4 hyperproduction against the background of IFN-y de-
crease is considered as an unfavourable prognostic sign
[26]. However, there is a study that revealed increased
levels of the anti-inflammatory cytokine IL-4 to be prog-
nostically favourable in the course of pneumonia in pre-
term neonates, in contrast, an increase in TNF-a was asso-
ciated with an unfavourable outcome of the disease [27].
Among children with influenza, a statistically significant
increase in IL-4 was revealed in all age groups, in contrast
to the control group (p < 0.05). The IFN-y level during influ-
enza in children of the 2nd and 3rd age groups was high-
er than in healthy children, and at early age had no sta-
tistically significant differences in the influenza acute pe-
riod, which can be considered a failure of the interferon
system in children under 3 years of age and can be re-
garded as a decrease in antiviral defense and as a predic-
tor of a complicated, prolonged course of viral infection
in this age group.

The analysis of CRP level as a marker of the acute phase
of inflammation is of great diagnostic significance in bac-
terial infections, while in viral diseases the increase of CRP
is determined less frequently, and a significant increase
in serum CRP in influenza may be a prognostically unfa-
vourable sign against the development of bacterial com-
plications.

We have studied the relationship between the pa-
rameters of cytokine status and CRP in children with in-
fluenza as a cause-specific complication of pneumonia



(Table 6). Consequently, in children with uncomplicated
influenza pneumonia a positive correlation between CRP
and IL-1pB levels was revealed, which is evidence of inflam-
mation activity and timely activation of innate immunity fac-
tors. The negative correlation between CRP and IFN-y levels
in children with influenza without pneumonia is evidence
of insufficiency of the interferon system in childhood dur-
ing the acute phase of viral infection.

Influenza with pneumonia in children was character-
ised by a statistically significant direct correlation between
CRP and IL-4 levels, which indicates deviation of ThO-lym-
phocyte differentiation by CD4*/Th2-type and is a deter-
mining factor affecting the severity of clinical manifesta-
tions and outcome of influenza infection [28, 29].

CONCLUSION

Clinical manifestations of influenza in children aged 1
to 11 years, admitted to an infectious diseases hospital, cor-
respond to the classic pattern/forme pleine: mucous runny
nose, dry cough, fever, and pharyngeal hyperaemia predom-
inate in 96 % of cases. Complications of the underlying dis-
ease were observed in 30 % of patients (n = 15) in the form
of acetonemic vomiting syndrome or ketoacidosis syn-
drome, pneumonia, obstructive syndrome. No statistically
significant differences were revealed in children with influ-
enza cause-specific to gender, prevalence of clinical mani-
festations, duration of main symptoms, duration and inten-
sity of infusion, antiviral and antibacterial therapy. The re-
sults of the analysis of islet-inflammatory, general clinical,
biochemical indices of blood, urine, parameters of cytokine
profile in children with influenza also revealed no statisti-
cally significant differences.

TABLE 6

The study established the peculiarities of cytokine sta-
tus in children during the acute phase of influenza. The in-
creased concentration of CRP, systemic levels of pro-in-
flammatory cytokines IL-1(3, IL-6, IL-8 and anti-inflammato-
ry IFN-a in influenza in children in all age groups, especial-
ly at the age of 7-11 years, requires further additional anal-
ysis and identification of the relationship of IL-1p, IL-6, IL-8
and TNF-a levels with the features of the disease pattern,
in particular, with the severity of intoxication syndrome,
in order to determine the degree of influence of each cy-
tokine on the course and outcome of influenza in childhood.

The absence of statistically significant differences
in IFN-y levels at an early age during the acute period of vi-
ral infection compared with healthy children is alarming
considering the risk of prolonged and complicated course
of influenza, especially if the decrease in IFN-y is accompa-
nied by increased IL-4 levels. Increased systemic IL-4 level
along with high concentration of CRP can be considered sta-
tistically significant signs of influenza complicated by pneu-
monia in childhood.

The revealed peculiarities of cytokine status in influ-
enza among children allow to make some approximation
to the understanding of the nature of the infectious process.
Studies in this area are worth continuing, as they will have
practical significance: identification of markers of adverse
influenza course, development of a personalized approach
to the treatment of acute respiratory infections in children
under 3 years of age and timely prescription of medicinal
products based on interferon and its inducers for prophy-
lactic and therapeutic purposes, as well as the development
of immunorehabilitation programmes.
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CORRELATION BETWEEN C-REACTIVE PROTEIN AND CYTOKINE LEVELS IN CHILDREN WITH INFLUENZA CAUSED-SPECIFIC

TO THE PRESENCE OF PNEUMONIA COMPLICATION

Children with influenza without complications

Cytokines (n=42)
r p
IL-18 0.309 0.008*
IL.-4 0.094 0.257
IL-6 0.206 0.155
IL-8 0.217 0.123
TNF-a 0.265 0.088
IFN-a -0.066 0.284
IFN-y -0.477 0.001*

Children with influenza complicated by pneumonia

(n=8)
r p
-0.142 0.735
0.754 0.031%
0.261 0.530
0.428 0.289
0.144 0.732
-0.595 0.119
-0.239 0.567

Note. r— Spearman correlation coefficient; p — statistical significance of differences; * — differences are statistically significant at p < 0.05.
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