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Lienb uccnepoBaHuA: OLEHUTb AUHAMUKY YPOBHEN MHTEpReiKkuHOB IL-6, IL-10, IL-17 u IL-18 B CbIBOPOTKE KPOBM Y NALMEHTOB C OCTPbIM pecrnupa-
TOPHbIM AucTpecc-cuHapomom (OPAC) npu TAKENOM M KpUTUYeckom TeuyeHun COVID-19, a TakKe onpeaenuTb UX MPOrHOCTUYECKYIO 3HAYMMOCTb B
OLLeHKe p1cKka HebNaronpUATHOrO UCXOAaA.

Matepuan u metoabl: o6cnesosaHo 70 yenosek — 50 nauueHTos ¢ COVID-19 (cpenHuit Bo3pacT 45,5 neT) u 20 380p0oBbix £,06p0BONbLEB (CPeaHUM
Bo3pacT 42,5 net). MauuneHTbl 6biAv pasgeneHbl Ha Ase noarpynnbl: | — TAxénoe TeueHue (n=30, BbixkuBLKe), || — KpuTMUHecKoe TeueHue (n=20, ymep-
wue). YpoBHu IL-6, IL-10, IL-17 v IL-18 onpeaensnuchb B CbIBOPOTKE KPOBM Ha 3-U, 5-e, 7-e, 10-e 1 16-e cyTkn meTogom MDA, B KOHTPOAbHOM rpynne
aHasn3 NpoBOAM/CA OAHOKPATHO. [LONONHUTEIbHO OLLEHUBANCA PECMMPATOPHbIN UHAEKC (PU) 1 ero Koppensuus ¢ ypoBHAMM UHTEPENKWUHOB.
Pe3ynbtathbl: y naumeHToB ¢ COVID-19 0TMEYEHO CTaTUCTUYECKM 3HAYMMOe MNOoBbIWeHWe ypoBHel IL-6, IL-10 u IL-17, makcumanbHoe Ha 10-e cyTku:
ana IL-6 — go 29,9+1,1 nr/mn (Il nogrpynna); IL-10 — go 26,3+1,3 nr/mn; IL-17 — go 33,1+1,3 nr/mn (p<0,001 ans scex). YmepLume naumeHTbl UMenu
OTPULATENbHYIO KOPPENALMIO MEXKAY CHUKeHneM PU 1 ysesnyeHnem yposHeit IL-6, IL-10 1 IL-17. ROC-aHanu3 nokasan, 4to yposeHb IL-6 >22,2 nr/mn
Ha 7-e CYTKM CNYKUT paHHUM NPOrHOCTUYECKUM MapPKEPOM NeTanbHOro UCXoaa.

3akntoueHue: nosbiweHue IL-6, IL-10 1 IL-17 ¢ paHHKX CPOKOB 3a60/1€BaHMA acCcoLMMPOoBaHO ¢ opmupoBaHmem OPAC 1 BbICOKUM PUCKOM 1eTaslbHO-
ro ucxoda. YposeHb IL-6 >22,2 nr/MA Ha 7-e CYTKM MOKET CNYXKWTb PaHHUM NPeANKTOPOM Heb61aronpuUATHOMO MPOrHo3a.

KnioueBble cnosa: COVID-19, ocmpelili pecniupamopHsili ducmpecc-CUHOPOM, pPecrnupamopHbili uHOekc, uHmepnaelkuH-6, uHmepnelkuH-10,
uHmepnelikuH-17, uHmepnelikuH-18, nemanbHbili UCX00.
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INCREASED SERUM LEVELS OF INTERLEUKINS IL-6, IL-10, IL-17, AND IL-18
AS PREDICTORS OF ADVERSE OUTCOMES IN COVID-19-RELATED ACUTE
RESPIRATORY DISTRESS SYNDROME
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Objective: The study evaluated the dynamics of interleukin (IL-6, IL-10, IL-17, and IL-18) levels in the serum of patients with acute respiratory distress
syndrome (ARDS) during severe and critical COVID-19 to determine their prognostic significance.

Methods: Seventy participants were examined: 50 patients with COVID-19 (mean age 45.5 years) and 20 healthy volunteers (mean age 42.5 years).
Patients were divided into two subgroups: 1 — severe course (n=30, survivors) and 2 — critical course (n=20, non-survivors). Serum levels of IL-6, IL-10, IL-17,
and IL-18 were measured on days 3, 5, 7, 10, and 16 using ELISA. The respiratory index (RI) and its correlation with interleukin levels were also assessed.
Results: COVID-19 patients showed a statistically significant increase in IL-6, IL-10, and IL-17 levels, peaking on day 10: IL-6 (29.9+1.1 pg/mLin subgroup 2),
IL-10 (26.31.3 pg/mL), and IL-17 (33.1+1.3 pg/mL); p<0.001 for all. Non-survivors showed a negative correlation between Rl and interleukin levels. ROC
analysis indicated that IL-6 levels >22.2 pg/mL on day 7 serve as an early prognostic marker of mortality.

Conclusion: Early in the disease, elevated levels of IL-6, IL-10, and IL-17 are associated with ARDS and a high risk of mortality; furthermore, an IL-6 level
>22.2 pg/mL on day 7 may serve as an early predictor of prognosis.
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BBEAEHMUE

KopoHaBsupycHasa uHdekuma 2019 roga (COVID-19), Bbi3BaHHasA
TAXENbIM OCTPbIM PECMIMPATOPHLIM CUHAPOMOM KOPOHAaBUPYCOM 2-T0
Tvna (SARS-CoV-2), ocTaétca cepbE&3HOM yrpo3oii A8 CUCTEMbI 34paBO-
oxpaHeHus [1]. ITOT BUPYC NOpaKaeT ApixaTeNbHble MyTU, B BOMbLWNH-
CTBe C/ly4aeB NPUBOAA K Pa3BUTUIO MHEBMOHMM, A Y 15-20% nauueHToB
C TAXKENBIM TEYEHUEM — K OCTPOMY PECMIMPATOPHOMY ANCTPECC-CUHAPO-
my (OPAC) [1]. OPAC sBnAeTCa 04HOM U3 OCHOBHbIX MPUYMH N1ETAIbHOTO
ncxoga npu COVID-19, uto 06ycN10BNEHO YCMNEHHOM BbIPabOTKOM Npo-
BOCMA/INTE/NbHbIX LIUTOKMHOB Ha GOHE aKTUBALMU MMMYHHO CUCTEMBI
— COCTOAHMA, U3BECTHOTO KaK LIMTOKMHOBBIN WwTopm [1-3]. LIMToKMHO-
BbIVi LUTOPM, pa3suBatoLLmiica npu OPC, 4acTo NpUBOAKT K NOAMOPraH-
HOW HeA0CTAaTOYHOCTM M acCOLMMPOBAH C HEBMaronpUATHBIMK UCXOAR-
MU Y NaLMEHTOB, HAXOAALLMXCA HA IeYEHWM B OTAENEHWAX PeaHUMaLLm
W MHTeHcUBHOW Tepanun (OPUT) [1, 4-7].

Y NauMeHTOB C TAXENbIM U KpUTUYecknm TedeHnem COVID-19
LIMTOKMHOBBIM LUITOPM XapaKTepu3yeTca Pe3kUM 1 NPOLOIKUTENbHbIM
CUCTEMHDBIM MOBbILLEHWEM YPOBHA 6onee Yem 20 pas3/IMyHbIX NPOBOC-
NaAUTENbHbIX LLUTOKMHOB U XeMOKMHOB [8]. Hanbonbluee 3HayeHue
npu 3ToM NpUAaETca MHTepaenkuHam (UJ1), Takum Kak IL-6, IL-10,
IL-17 v dakTop Hekposa onyxonu-anbda (PHO-a), KoTopble UrpatoT
K/IFOYEBYHO PO/Ib B MOBPEKAEHUMN NETOUHOV TKAHM 33 CYET HapyLLIEHNA
LLe/IOCTHOCTM 3NUTeNuA AblxaTenbHbIx nyTei [1]. Beaywmm megmato-
POM NpU LUTOKMHOBOM LUTOPMe cumTaeTca IL-6 [8, 9] — rnKonpoTenH,
0613430 MiA BbIpaXKEHHOM NPOBOCNANNTENbHOM akTUBHOCTbIO [10].
Ero 136bITO4HanA NPOAYKLMA MOKET bbITb OAHUM U3 OCHOBHbIX MeXa-
HM3MOB BOCManuTenbHoro oteeta npu COVID-19 [11], a onpeaenexue
YypoBHA IL-6 B CbIBOPOTKE KPOBM PAacCMATPMBAETCA KaK MOTEHLMab-
HbI NPOrHOCTUYECKUI MapKEpP TAXKECTU W NporpeccupoBaHus 3abo-
nesaHua [1].

OcobeHHOCTbIO LIMTOKMHOBOTO LUTOpMa Npu MHbeKLmn SARS-
CoV-2 aBnAeTcA Tak)Ke BblpaXKeHHOe MOoBbIWeHWe KOHUeHTpaumm IL-
10 y NauyMeHTOB C TAXENDBIM N KPUTUYECKUM TeYeHNEM, HaXOAALLMXCA
B ycnosusax OPUT [8, 9]. Mo faHHbIM pAAa UCCAef0BaHWIA, BblCOKas
skcnpeccua IL-10 MOXKeT accoLumMpoBaTbea ¢ HeBGAAronpPUATHBIM UCXO-
Ziom 3aboneBaHua [12]. IL-17 TaKKe UrpaeT 3HaUUTENbHYIO POAb B Ma-
ToreHese BOCMaseHnsa NEro4HoM TKaHu, ocobeHHo npu OPAC [13]; ero
NOBbILWEHHbIE YPOBHM CBA3bIBAIOT C TAXKECTHIO KIMHUYECKOrOo TeYeHNA
COVID-19 [14]. Kpome Toro, IL-18, ABNAACL KOHEYHbIM NPOAYKTOM aK-
TMBaLMM MHONAMMACOM, CTUMYIMPYET npoayKumio IL-6, ycunusas,
TeM caMblM, BOCMaNMTENbHbIN Kackag npu COVID-19 [15].

LLENb UCCNEAOBAHMUA

OUeHUTb AMHAMWKY YPOBHEN UHTepneliknHos IL-6, IL-10, IL-17
1 IL-18 B cbiBOpOTKe KpoB#M y naumeHTos ¢ OPAC npw TAXENOM U KpK-
Tnyeckom TeyeHnn COVID-19, a Takxke onpefenuntb Ux NPorHocTnye-
CKYI0 3HAYMMOCTb B OLLeHKe pUCKa HebaaronpuATHOroO UCxoaa.

MATEPUAN U METOAbI

[u3aiiH uccneaoBaHUA U YHaCTHUKM

B MpocnekTMBHOE KOHTPO/IbHOE WCCNefoBaHWe OblNo BKAtO-
yeHo 70 yenosek. Nccneayemyto rpynny coctasuamn 50 naumeHToB C
COVID-19 (26 my»KuMH 1 24 KeHwwmHbl B Bo3pacTe oT 30 go 50 neT;
cpeaHuin BospacT — 45,5 net). KoHTpoAnbHyto rpynny coctasuan 20
340p0BbIX 406p0BO/bLEB (10 MyKUMH M 10 KEHLIMH; CPeAHMI BO3-
pact — 42,5 ner). MauneHTbl OCHOBHOW rpynmbl 6bIIN IKCTPEHHO TO-
cnuTanusnposaHbl B OPUT B cBA3M ¢ TAXKENBIM TeyeHnem COVID-19, B
nepuog, c asrycta 2020 no asryct 2021 roga. Bepudukaumsa KopoHasu-
pycHol nHbekumn nposogmnacs MLP Tectom.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), re-
mains a significant threat to global healthcare systems [1]. The
virus primarily infects the respiratory tract, leading to pneumo-
nia in most cases and acute respiratory distress syndrome (ARDS)
in 15-20% of patients with severe disease [1]. ARDS is a leading
cause of mortality in COVID-19, driven by the overproduction of
proinflammatory cytokines following immune system activation,
a phenomenon known as a "cytokine storm" [1-3]. This system-
ic inflammatory response often leads to multiorgan failure and is
associated with adverse outcomes in intensive care units (ICUs)
[1, 4-7).

In patients with severe or critical COVID-19, the cytokine
storm is characterized by a sharp, sustained systemic increase in
more than 20 different proinflammatory cytokines and chemo-
kines [8]. Among these, interleukins (IL) such as IL-6, IL-10, and
IL-17, along with tumor necrosis factor-alpha (TNF-a), are of the
greatest clinical significance. These mediators play a key role in
lung tissue damage by disrupting the integrity of the airway ep-
ithelium [1]. IL-6, a glycoprotein with potent proinflammatory
activity [10], is considered the primary mediator of the cytokine
storm [8, 9]. Its excessive production is a central mechanism of
the inflammatory response in COVID-19 [11], making serum IL-6
levels a valuable prognostic marker for disease severity and pro-
gression [1].

A distinct feature of the cytokine storm during SARS-CoV-2
infection is the marked elevation of IL-10 concentrations in ICU
patients with severe or critical illness [8, 9]. Several studies sug-
gest that high IL-10 expression is associated with unfavorable
clinical outcomes [12]. Additionally, IL-17 plays a significant role
in the pathogenesis of lung inflammation, particularly in ARDS
[13], where elevated levels correlate with increased clinical sever-
ity [14]. Furthermore, IL-18, the end product of inflammasome
activation, stimulates IL-6 production, thereby amplifying the in-
flammatory cascade in COVID-19 [15].

PURPOSE OF THE STUDY

To evaluate the dynamic changes of serum levels of interleu-
kins IL-6, IL-10, IL-17, and IL-18 in patients with ARDS associated
with severe and critical COVID-19, and to determine their prog-
nostic value for predicting adverse outcomes.

METHODS

Study design and participants

A total of 70 individuals were enrolled in this prospec-
tive controlled study. The main group included 50 patients with
COVID-19 (26 men and 24 women aged 30-50 years; mean age
45.5 years). The control group comprised 20 healthy volunteers
(10 men and 10 women; mean age 42.5 years). Patients in the
main group were urgently admitted to the intensive care unit
(ICU) with severe COVID-19 between August 2020 and August
2021. SARS-CoV-2 infection was confirmed by polymerase chain
reaction (PCR).

Clinical assessment

Upon admission, respiratory rate (RR), arterial oxygen ten-
sion (Pa0,), fraction of inspired oxygen (FiO,), and oxygen sat-
uration (SpO,) were measured. The respiratory index (RI) was
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O6cnepoBaHune

Mpw noctynneHMn Bcem nauyeHTamM NPOBOAMACA MOACYET ya-
CTOTbI AbIXaTeNbHbIX ABMKeHWM (YA4), onpeaensnnck yposHu Pa0,,
FiO, 1 Sp0O,, a TakkKe PacCuMTbIBAICA PECTMPATOPHbIN MHAEKC (PU).
3HadeHne PU (mm Hg) Bbluncasnock no dopmyne Pa0O,/FiO,, rae Pa0,
— HanpsAXeHwue K1cnopoaa B aptepuanbHom Kposu, FiO, — KoHLeHTpa-
LMs KMCNopoga BO BAbIXaemoi BO3AyLIHON cmeck [16]. PedepeHc-
HbIM CYMTaNCsa Auana3oH 3HayeHuit PU 350-400 mm Hg. OueHka PU
nposoAniach B AeHb MOCTYNIEHWUS B KAMHUKY (Ha TPETbM CyTKM OT
Hayana 3aboneBaHusA), a TakKe Ha 5-e, 7-e u 10-e cyTku 6onesHu. Mo-
CNle rocnuTanu3aLym BCem NauyeHTamM BbINONHANACh KOMMNbIOTEPHAA
Tomorpadus (KT) opraHoB rpyzsHoW KNETKM 418 onpeseneHus cTene-
HW nopaxeHua NErknx. OLLeHKa CTeneHn nopaxKeHna NPoBOAWAACH MO
«IMNUpUYecKoit Bu3yanbHoit wkane» (0-4) [17]. AnarHos OPAC ycra-
HaBAMBanca npu cHukeHum PU <300 mm Hg 1 cTeneHn nopaxkeHus no
KT 3-4 B cOOTBETCTBUM C «BpemeHHbIMW MeTOANYECKUMUN peKOMEHAa-
umammny (2021) [18].

PaspeneHune Ha nogrpynnbl

B 3aBMcMMOCTM OT TAXKeCTU 3aboneBaHUA U UCXOAa, NALMEHTbI
OCHOBHOM rpynnbl 6bIM pa3geneHsl Ha ABe NOATPYNMbl: Nepsas — Bbl-
KMBLUME NALMEHTbI C TAXKENbIM TeyeHnem (n=30); BTopas — ymeplune
MaLMEHTbI C KpUTUYecKnM TedeHnem (n=20). JleTanbHbIl Ucxoa, y Bcex
MaLMeHTOB BTOPOI NoArpynnbl 6bii 3aperncTpuposaH Ha 11-12-e cyT-
Kv npebbiBaHusa B OPUT.

NeyeHne

C MOMeHTa rocnuTasM3aLMmM NaLMeHTbl MONyYanu neyeHue
COINACHO METOAMYECKMM pekomeHZaumam [18], Bkatoyas: aHTUOAK-
TepuanbHyto Tepanuio (nesodnokcaumH 500 mr ABaskapl B CYTKM,
LedTPMaKCOH 2 T ABaXKAbl B CYTKM), MTHOKOKOPTUKOCTEPOUIbI (AeKca-
meTtasoH 20 mr/cyT), NpoTuBOBMpYCHYIO Tepanuio (apbugon 200 mr
yeTblipe pasa B CYTKM), @ TaKKe AETOKCMKALMOHHYIO U MHDY3UOHHYIO
Tepanuio (I1lK030-CoNeBble PACcTBOPbI B 06BEME, YMEHBLIEHHOM Ha
15-20% N0 cpaBHEHWIO C CyTOYHOM NOTPEBHOCTbIO B KMAKOCTH). C 7-X
CYTOK JIYEHMA AOMNONHUTENBHO HA3HAYaNCA METUNNPEAHU30/I0H NO
500 mr yepes geHb. [py HaMUMK NPU3HAKOB KOAryaonatum npume-
HANACb aHTMKOAryNaHTHaA Tepanus (sHokcanapuH 0,4 mn 1-2 pasa 8
CyTKM). MaLmMeHTbl BTOPOI NOATPYNMbl, Y KOTOPbIX NETa/IbHbIA UCXOZ,
6bin 3admKenpoBaH Ha 11-12-e cyTku npebbiBaHua B OPUT, 3a 2-3
CYTOK [0 3TOro 6bin NepeBefieHbl HA UCKYCCTBEHHYIO BEHTUAALMIO
NETKMX.

Kputepuu BK/IOYEHMA B UcCaegyemylo rpynny: NoiOXUTE b-
Hbl pesynbrtat MLP n UDA Ha SARS-CoV-2 npu rocnutanusauum; Y40
6onee 30 B MUHYTy 6e3 pecnupaTopHoi noaaepsKku; PU <300-350
MM Hg; cTeneHb nopaxeHuna Nérkux no AaHHbim KT 3-4; yposeHb SpO,
<93% 6e3 pecnmpaTopHOI NOAAEPHKKM; HEOBXOAMMOCTb FOCIUTaNN-
3auumn B OPUT; oTcyTcTBME NpMéMa A0 rocnUTann3aLmy npenapaTos,
BAMAIOWMX Ha naToreHe3s COVID-19 (rntOKOKOPTMKOCTEPOUAbI, aHTU-
OGMOTUKM, NPOTMBOBOCMNANUTE/IbHbIE CPEACTBA); rocnUTaAM3aLmMa Ha
3-11 CYTKM OT Hayana 3abonesaHus; Bospact ot 30 Ao 50 neT; nnucbmeH-
HOEe cornacue Ha y4acTue B UCCNef0BaHUN.

Kputepuu ucKnoueHUa U3 UCCneayemoil rpynnbl: Haauuve
OCTPOM UM XPOHUYECKOI NaTONOTMK, COMPOBOXAAIOLLECA BOCNAM-
TENIbHON peaKLMel; Hannune ayTOMMMYHHbIX, annepruieckux 3abo-
NeBaHui, UMMyHOAedULMTOB, OTKa3 NaLMeHTa OT y4acTua B UCCeno-
BaHWw; Bo3pact maaawe 30 unu crapwe 50 ner.

Kputepuu BKAIOYEHUA B KOHTPO/bHYIO rpynny: Bo3pact 30-50
neT; otcytcTBue aHTuTen IgM un IgG K SARS-CoV-2 no gaHHbIM NDA;
OTCYTCTBME NPU3HAKOB BOCMA/IMTEIbHOM NaTONOTMM.

calculated as Pa0O,/FiO, (mm Hg), where PaO, represents arterial
oxygen tension, and FiO, represents the fraction of inspired oxy-
gen. The normal Rl range was defined as 350-400 mm Hg. Rl was
assessed on the day of admission (day 3 from disease onset) and
subsequently on days 5, 7, and 10. All patients underwent chest
computed tomography (CT) to assess the extent of lung involve-
ment using a visual scoring system (grades 0-4). ARDS was diag-
nosed when Rl was <300 mm Hg and CT findings were consistent
with grades 3-4, in accordance with the Temporary Guidelines
(2021).

Study subgroups

Based on disease severity and outcomes, patients were di-
vided into two subgroups:

e Subgroup 1: Survivors with severe disease (n=30)

e Subgroup 2: Non-survivors with critical disease (n=20)

All deaths in the second subgroup occurred on days 11-12 of
ICU stay. These patients required mechanical ventilation 2-3 days
before death.

Treatment
All patients received treatment according to established
guidelines [18], including:
e Antibacterial therapy (levofloxacin 500 mg twice daily;
ceftriaxone 2 g twice daily)
e Glucocorticosteroids (dexamethasone 20 mg/day;
methylprednisolone 500 mg every other day starting
from day 7)
e Antiviral therapy (arbidol 200 mg four times daily)
e Infusion therapy (glucose-saline solutions at 15-20%
below daily fluid requirements)
In cases of coagulopathy, anticoagulant therapy with enoxa-
parin (0.4 mL once or twice daily) was administered.

Inclusion and exclusion criteria

Inclusion criteria (main group):

e  Confirmed SARS-CoV-2 infection (PCR and ELISA)
e RR>30 breaths/min without respiratory support
e  RI<300-350 mm Hg

e  CT lunginvolvement grade 3-4

e Sp0,<93% without respiratory support

e Requirement for ICU admission

e No prior treatment affecting COVID-19 pathogenesis
e Hospitalization on day 3 of disease onset

e  Age 30-50 years

e Written informed consent

Exclusion criteria (main group):

e Acute or chronic inflammatory diseases

e Autoimmune or allergic disorders

e Immunodeficiency

e  Refusal to participate

e Age<30or>50years

Control group inclusion criteria:

e Age 30-50 years

e Negative IgM and IgG antibodies to SARS-CoV-2
e No evidence of inflammatory disease

Control group exclusion criteria:

e Autoimmune or allergic disorders
e Immunodeficiency
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Kputepun ncKkAoueHMA U3 KOHTPONbHOI rpynnbl: Hasvune ay-
TOMMMYHHbIX, aNIePruYecknx 3abonesaHuin, UMMyHoOLEDULMTOB, OT-
Ka3 106poBo/bLa OT y4acTus; Bo3pacT Maaauwe 30 uam ctapue 50 ner.

Na6opatopHasa AuUarHocTUKa

YposHu IL-6, IL-10, IL-17 1 IL-18 (nr/mn) onpeaensnucs B CbiBO-
poTKe Kposw. Y naumeHtos B OPUT 3abop KpoBM NpOBOAMACA B A€Hb
NoCTynneHus (Ha TPETbM CYTKM OT Hayasa 3abosieBaHws), a 3aTeM — Ha
5-e, 7-e 1 10-e cyTKM 60N1e3HW. Y BbIXKMBLUMX NaLMEHTOB (NepBas noa-
rpynna) aHaav3 NpoBOAWACA TaKkKe Ha 16-e cyTku. Y fo6poBonbLEB
KOHTPO/IbHOM rpynnbl 3360p KPOBM BbINONHANCA OLHOKPATHO B MAa-
HOBOM MopALKe.

NabopaTopHble UCCNe0BaHWA MPOBOAMANCH Ha Base Kadeapbl
61OoX1MMUK, 1abOPATOPHOW ANArHOCTMKMU U HAKTEPUONOTUM C KYPCOM
N0 CraBpononbcKoro rocmeayHusepcuteTa. OnpeaeneHue yposHen
W1 BbINONHANOCH METOAOM UMMYHODEPMEHTHOTO aHanmsa (UDA)
[19] ¢ ncnonb3osaHnem TecT-cuctembl «Cloud-Clon Corp.» (China).
[InAa opMeHTUPOBKM Ha pedepeHCcHble 3HAUYEHNUA UCMONb30BaHbI AaH-
Hble npoussoguTens MdPA-Habopos (Cloud-Clone Corp., China): IL-6 —
0-7 nr/mn; IL-10 — 0-9,1 nr/mn; IL-17 — 1,7-5,6 nr/mn; IL-18 — 17-650
nr/mn. JonoaHUTENIbHO KOHTPOAbHaA rpynna (n=20) ucnonb3osanach
KaK BHYTPEHHAA pedepeHTHas BbI6GOPKa A1A CTaTUCTUUECKMX CpaBHe-
HUM.

dTuyeckoe 3ansneHue. ViccnesosaHve ogobpeHo NOKaNbHbIM
3TUYecKMM  KomuTeTom CTaBPOMO/IbCKOTO  FOCMeAyHUBEPCUTET],
npotokon N2 134 ot 17.04.2024 roga. OT Bcex y4aCTHUKOB MOMyYEHO
NUCbMeHHOe MHGOPMMPOBAHHOE coracue.

CTaTUCTMUECKUIA aHaNU3 BbINOHACA C UCMONb30BAHWUEM MPO-
rpamm StatTech v. 4.8.0 (OO0 «Crattex», Poccus) n MedCalc (version
23.1.7). HopmanbHOCTb pacnpeaeneHuns OLeHWBaiach C NMOMOLLbIO
KpuTepma LLanmpo-Yunka. MockonbKy BO BCex CNy4anxX AaHHbIE UMeNu
HOopManbHoe pacnpeseneHue (no Kputeputo LLianmpo-Yunka, p>0,05),
KONMYecTBeHHble MOKa3aTenn MpeacTaBieHbl B BUAE CpefHMX 3Ha-
yeHui (M) u cTaHpapTHOro OTKAOHeHWs (SD). AN cpaBHeHWs ABYX
rpynn npyv HOPManbHOM pacnpeAeneHnn U paBeHCTBe Aucnepcuii
npumeHancs t-kputepuii CTblofeHTa. s OLEHKM Pasinunii Mex-
Zly TPEMS HEe3aBUCMMbIMM FPYNMammu UCMOb30BaH AMCNEPCUOHHBIN
aHanu3 — one-way ANOVA, B TO Bpems KaK A/1s CBA3aHHbIX BbIOOPOK
6b11 UCMONB30BaH AUCMNEPCUOHHDIV aHaN3 NOBTOPHBIX CPAaBHEHUIA —
Repeated Measures ANOVA. lMpy HaAWuMmM CTaTUCTUYECKM 3HAUMMOTO
pesynbTaTa AONOAHUTENBHO NPUMEHACA post-hoc aHanu3 no Kpute-
puto Totoku. C y4éTom nonpaBku BOHPEepPPOHM YPOBEHb 3HAUMMOCTH O
6b1n cKoppekTUpoBaH U coctasun 0,017. Koppenauma mexay Konmye-
CTBEHHbIMM MOKa3aTeNAMMU C HOPMaNbHbIM pacnpeaeneHnem onpe-
Zenanacb ¢ nomoLpto KoadduumerTa MupcoHa. JuHamuKa ypoBHel
W1 oueHMBanacb Ha OCHOBE MHOXECTBEHHbIX MaPHbIX CPaBHEHW
MeXIy BPEMEHHbIMU TOYKamm (3-u, 5-e, 7-e u 10-e cyTku) ¢ ncnonb-
30BaHMeM t-kputepua CTblogeHTa. YpoBeHb 3HAYMMOCTU YCTaHaBN-
Ba/ICA € nonpasKov boHpeppoHM.

[InA OLEeHKM NPOrHOCTUYECKOM 3HaYMMOCTH NpumeHsanca ROC-a-
Ha/sM3: paccumTbiBanack naowaab nog ROC-kpusoit (AUROC) ¢ 95%
[0BepuTenbHbIM HTepBanom (Cl), ycTaHaBaMBanuch Noporosble 3Ha-
YyeHua (cut-off), uyscTBUTENbHOCTD (S€) M cneunduyHocTb (Sp). Mpak-
TUYECKYI0 3HAYMMOCTb MMENO 3HayeHWe cut-off ¢ MakcumanbHbIM
nHaekcom MogeHa (index J), oTpaatowym Hamnydllee COOTHOLLEHME
YYBCTBUTENIBHOCTM U CreunMduyHOCcTU. CTaTUCTUYECKM 3HAUYMMbIMM
cynTanuch pasamuma npu p<0,05.

PE3YNbTATbI

AHanM3 NoNyyYeHHbIX AaHHbIX NOKa3as, YTo yposHu IL-6, IL-10 n
IL-17 y naupenToB ¢ COVID-19 6biAn CTaTUCTUYECKM 3HAYMMO BbllLe
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e  Refusal to participate
e Age<30or >50years

Laboratory analysis

Serum levels of IL-6, IL-10, IL-17, and IL-18 (pg/mL) were
measured using enzyme-linked immunosorbent assay (ELISA).
Blood samples were collected from ICU patients on day 3 (admis-
sion) and on days 5, 7, and 10 of illness. In survivors, additional
sampling was performed on day 16. Control group participants
were sampled once.

Analyses were conducted at the Department of Biochemis-
try, Laboratory Diagnostics, and Bacteriology at Stavropol State
Medical University, Russia. ELISA kits (Cloud-Clone Corp., Wuhan,
China) were used.

Reference ranges were as follows:

e |L-6:0-7 pg/mL

e |L-10: 0-9.1 pg/mL

e IL-17:1.7-5.6 pg/mL

e |L-18:17-650 pg/mL

The control group served as an internal reference for statis-
tical comparisons.

Ethics

The study was approved by the local ethics committee of
Stavropol State Medical University, Russia (Protocol No. 134, April
17, 2024). Written informed consent was obtained from all par-
ticipants.

Statistical analysis

Statistical analysis was performed using StatTech v.4.8.0
(StatTech LLC, Moscow, Russia) and MedCalc v.23.1.7 (Yudin City
Clinical Hospital, Moscow, Russia). Normality of data distribu-
tion was assessed using the Shapiro-Wilk test. Since all variables
showed a normal distribution (p>0.05), results are presented as
mean (M) % standard deviation (SD). Comparisons between two
groups were performed using Student's t-test. One-way analysis
of variance (ANOVA) was used to compare three independent
groups, while repeated-measures ANOVA was applied for with-
in-group comparisons over time. When significant differences
were detected, post hoc analysis was conducted using Tukey's
test. The significance level was adjusted to a=0.017 using the Bon-
ferroni correction. Correlations between quantitative variables
were assessed using Pearson's correlation coefficient. Changes in
interleukin levels over time (days 3, 5, 7, and 10) were analyzed
using paired Student's t-tests with Bonferroni correction. Re-
ceiver operating characteristic (ROC) analysis was performed to
evaluate prognostic value. The area under the ROC curve (AUC),
95% confidence intervals (Cl), sensitivity (Se), specificity (Sp), and
optimal cutoff values were determined. The cutoff point with the
highest Youden index (J), representing the best balance between
sensitivity and specificity, was considered clinically relevant. A
p-value <0.05 was considered statistically significant.

RESULTS

Analysis of the data demonstrated that serum levels of IL-
6, IL-10, and IL-17 in patients with COVID-19 were significantly
higher than those in the control group (Table 1). The highest con-
centrations of these cytokines were observed in patients with a
critical course of the disease. In this subgroup, levels of IL-6, IL-
10, and IL-17 were significantly elevated compared with both the
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MO CPaBHEHMIO C KOHTPONbHOW rpynnow (Tabn. 1). Hanbonee Bbico-
KMe KOHLLEHTpaLIMM 3TUX LUTOKMHOB OTMEYAINCh Y NaLMEHTOB C Kpu-
TUYECKMM TeyeHrem 3abonesaHus. YposHu IL-6, IL-10 u IL-17 B aToW
noarpynmne CTaTUCTUYECKM 3HAYMMO MpPEeBbIWanM Kak MokasaTtenu
KOHTPO/IbHOM rpynMbl, Tak U 3HaYEHUA B NOATpynne NaLMeHToB ¢ TA-
ENbIM TedeHnem uHdpekumn (p<0,001 ann Beex U).

[lna noaTBepKAEHMA AMHAMMKN U3MEHEHWI ypoBHeN IL-6, IL-10
n IL-17 B noarpynne ymepLumnx NauueHToB Bblin BbINOSHEHbI MHOXeE-
CTBEHHbIE NOMapHbIE CPABHEHUS MEK/Y BPEMEHHbIMU TOUKaMU (3-u,
5-e, 7-e u 10-e cyTkuM) ¢ Ucnonb3osaHuem t-kputepusa CTblogeHTa U
nonpaskovi BoHpeppoHw. Pe3ynbTaTbl NOKa3any, 4TO YPOBHM KaXA0M0
13 WJ1 cTaTUCTUYECKM 3HAYMMO BO3PACTanu Mexay 3-mMu 1 5-mu cyT-
Kamu (p<0,01), 5-mm 1 7-mu cyTkamu (p<0,01), a TakxKe mexay 7-mu u
10-mu cyTkamu (p<0,01). 3To NO3BONAET YTBEPKAATL HA/MUME Bbipa-
YKEHHOTO NPOrPeccUpYHOLLETO NOBbILLEHUA KOHLEHTPALMI YKa3aHHbIX
LIUTOKMHOB B OCTPOM nepuoge 3abonesaHus.

YpoBHM IL-18 TaK:Ke OKa3asnCb Bbille, YeM B KOHTPObHOM rpyn-
ne, HauMHas ¢ 5-x cyTok u ganee. OCOBEHHO BbIPaXKeHHOe NoBbiLLe-
HMe 6b1N10 3adUKCUPOBAHO HA 16-€ CYTKM Yy MALMEHTOB C TANKENbIM
TeyeHuem (nepsas MOArpynna), rae CpeaHas KoHueHTpauus IL-18
NpeBbiCUIa BEPXHIOK rpaHuLy pedepeHCHbIX 3HaueHuit nabopato-
puu (826,5+21,6 nr/ma npu Hopme A0 650 nr/mn), 4To MOKET cBue-
TE/IbCTBOBATb O COXPAHAOLLENCA aKTUBALMMW BOCMAIUTENBHOTO KacKa-
[a faxe npu 61aronpUATHOM KAMHUYECKOM UCXOAe.

Bo Bcex cnydyasx BbIABAEHbI CTAaTUCTUYECKM 3HaUYMMble pas3nu-
una mexay rpynnamu. Hanbonee BbIpaKeHHbIE PACXOKAEHNUA MEX-
Zly NoArpynnamm 1 KOHTPOIbHOM rpynnoit Bbiin oTMedeHbl Ha 7-10-e
CYTKM HabntogeHus (p<0,001). MogpobHble faHHbIE O KOHLEHTPaLMAX
WN npepcTaBneHbl B Taba. 1.

KoppenauMoHHbIA aHasn3 BbIABUA CTATUCTUYECKM 3HAUMMYIO
OTpULLATE/IbHYIO CBA3b Mexay ypoBHAmM IL-6, IL-10, IL-17 n IL-18 1
PU y naumeHTOB C neTasbHbIM UCXOAOM, NPeUMMyLLecTBeHHO Ha 10-e
CyTKM 3aboneBaHua (Tabn. 2). 310 oTpaxkaeT 0bpaTHyt0 HanpaBieH-
HOCTb M3MEHEHMUIA: C YBENNYEHNEM KOHLEHTpauui W/ Habaoganock
cHUKeHwue PU. MonyyeHHble faHHble YKa3blBAOT HA CUHXPOHHYIO Au-
HaMUKy NnoKasaTenei, xapaKTepHyo A1 TAXKENOrO BOCNANUTENIbHOMO
npotiecca npu KpuTmyeckom TedeHmnmn COVID-19.

ROC-aHanun3 noarsepamnn NPOrHOCTUYECKYH 3HAYMMOCTb MOBbI-
LWweHun ypoBHe# IL-6, IL-10 1 IL-17 Ha onpeaenéHHbIX cTagusax 3abo-
nesaHwuA. Tak, y naumeHTos |l noarpynnbl Ha 7-e cyTku 3abonesaHns
noporosoe 3HayeHue (cut-off) IL-6, cooTBeTCTBYIOLLEE MAKCUMYMY WH-
aekca MogeHa, coctasuno >22,2 nr/ma. Mnowagp nog, kpusoii (AUC)
paBHanack 0,962 (p<0,001); yyBcTBMUTENbHOCTL (Se) — 95% (95% Cl:
75,1-99,9), cneunduyHocTb (Sp) — 96,7% (95% Cl: 82,8-99,9) (pwc. 1).

[Ons IL-10 makcumanbHoe 3HadyeHue cut-off 3aduKcrpoBaHo Ha
10-e cyTkuM 1 cocTasuno >18,4 nr/mn: AUC — 0,942 (p<0,001); Se —95%
(95% Cl: 75,1-99,9), Sp — 96,5% (95% Cl: 82,8-99,9). YposeHb IL-17
MMeN HanbonbLLYIO MPOTHOCTUYECKYHO LIEHHOCTb Ha 7-e CyTKu: cut-off
>24,2 nr/mn, AUC — 0,953 (p<0,001); Se — 95% (95% Cl: 75,5-99,9), Sp
—96,5% (95% Cl: 80,3-99,9) (puc. 2). ins IL-18 y ymepLUMX NaLMEHTOB
Hanbonee 3Haummblit cut-off Habaoganca Ha 10-e cyTkm: >389,3 nr/
w1, AUC - 0,660 (p=0,036); Se — 95% (95% Cl: 40,8-84,6), Sp — 96,5%
(95% Cl: 40,7-77,3).

M3 Bcex uccnefoBaHHbIX LMTOKMHOB Haubonbluyt MpOrHo-
CTUYECKYH0 3HAUMMOCTb NPOAEMOHCTpMpoBan IL-6, ocobeHHo Ha 7-e
CyTKM 3aboneBaHus. IL-17 TakxKe nokasan BbicOKMe 3HayeHus AUC B
ROC-aHanm3e Ha 7-e cyTku. YposeHb IL-10 okaszanca UHGOPMaTUBHBIM
TONBKO Ha 10-e CyTKM, YTO OrpaHNYMBAET Er0 MPUMEHEHME B KauecTse
paHHero mapképa. IL-18 He NPOLEMOHCTPUPOBA HaZEKHOM NPOrHO-
CTVUYECKOW LLeHHOCTY.

control group and patients with severe disease (p<0.001 for all
comparisons).

To assess the temporal dynamics of IL-6, IL-10, and IL-17 in
the subgroup of non-survivors, multiple pairwise comparisons
were performed between time points (days 3, 5, 7, and 10) using
Student's t-test with Bonferroni correction. The analysis revealed
a consistent and statistically significant increase in all three cyto-
kines between days 3 and 5 (p<0.01), days 5 and 7 (p< .01), and
days 7 and 10 (p<0.01). These findings indicate a pronounced
progressive rise in cytokine levels during the acute phase of the
disease.

Serum IL-18 levels were also elevated compared with the
control group, beginning from day 5. A particularly marked in-
crease was observed on day 16 in patients with severe disease
(subgroup 1), where the mean IL-18 concentration exceeded the
upper reference limit (826.5+21.6 pg/mL; reference range <650
pg/mL). This finding may reflect persistent activation of the in-
flammatory cascade even in patients with a favorable clinical out-
come.

Statistically significant differences were observed across
all groups. The most pronounced differences between patient
subgroups and the control group were detected on days 7-10 of
observation (p<0.001). Detailed cytokine concentration data are
presented in Table 1.

Correlation analysis revealed a statistically significant neg-
ative association between IL-6, IL-10, IL-17, and IL-18 levels and
the Rl in fatal cases, particularly on day 10 of iliness (Table 2). This
inverse relationship indicates that rising interleukin concentra-
tions are associated with a decrease in RI. Such findings suggest
synchronized dynamics between these parameters, reflecting the
severe inflammatory response characteristic of critical COVID-19.

ROC analysis confirmed the prognostic value of elevated lev-
els of IL-6, IL-10, and IL-17 at specific disease stages. In subgroup
2, the IL-6 cutoff value on day 7, corresponding to the maximum
Youden index, was >22.2 pg/mL. The area under the curve (AUC)
was 0.962 (p 0.001), with a sensitivity (Se) of 95% (95% Cl: 75.1-
99.9) and a specificity (Sp) of 96.7% (95% Cl: 82.8-99.9) (Fig. 1).

For IL-10, the optimal cutoff value was identified on day
10 as >18.4 pg/mL (AUC=0.942, p<0.001), with a sensitivity (Se)
of 95% (95% Cl: 75.1-99.9) and a specificity (Sp) of 96.5% (95%
Cl: 82.8-99.9). IL-17 levels reached their highest prognostic val-
ue on day 7, with a cutoff of >24.2 pg/mL (AUC=0.953, p<0.001;
Se: 95%, 95% Cl: 75.5-99.9; Sp — 96.5%, 95% Cl: 80.3-99.9) (Fig.
2). For IL-18 in deceased patients, the most significant cutoff was
observed on day 10 (>389.3 pg/mL), though with a lower AUC of
0.660 (p=0.036; Se: 95%, 95% Cl: 40.8-84.6; Sp — 96.5%, 95% Cl:
40.7-77.3.

Among all cytokines evaluated, IL-6 demonstrated the high-
est prognostic value, particularly on day 7 of illness. Similarly, IL-
17 showed high AUC values in the ROC analysis on day 7. In con-
trast, IL-10 levels were informative only on day 10, limiting their
utility as an early predictor. IL-18 failed to demonstrate reliable
prognostic significance.

DiscusSION

Our findings align with previous reports highlighting the
pivotal roles of interleukins IL-6, IL-10, and IL-17 in the system-
ic inflammatory response to COVID-19. Elevated IL-6 levels have
been consistently observed in patients with severe disease com-
pared to those with milder forms [20]. Both our data and existing
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Tabnauya 1 CodepicaHue V/1 8 ceiBopomke Kpogu mexoy Table 1 Serum IL levels in main and control groups (pg/mL)
uccnedyemol U KoHMpPOnbHoOU 2pynnamu, ne/msn

| noarpynna (Bbikuewmue) 1l noarpynna (ymepmue)
Subgroup 1 (survivors) Subgroup 2 (deceased)
(n=30) (n=20)
3 1.3+#0.1 9.3+0.8 16.9+0.8 <0.001
p:<0.001 p:<0.001
p2<0.001

12.6+1.1 29.9+1.0 <0.001
p1<0.001 p1<0.001
p2<0.001
16 6.740.6
p:1<0.001*
IL-10

7.440.6 11.5£1.9
p:>0.05 p1<0.001
p2<0.001

10.741.1 26.3%1.3 <0.001
pi>0.05 p:1<0.001
p2<0.001

P <0.01 (df=4) <0.01 (df=3)
3 8.5:0.6 11.4+0.6 14.7:0.4 <0.001
p1<0.001 p1<0.001
p2<0.001
13.4%0.6 29.241.2 <0.001
p1<0.001 p1<0.001
p2<0.001
13.120.3
p:<0.001*
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IL-18
166.8+£7.1 278.7+10.9 273.9£16.5 >0.05
5 346.7+19.2 330.7+19.9 <0.001
p1<0.001 p1<0.001
p2<0.001
7 377.4%19.2 348.2+12.6 <0.001
p:<0.001 p:<0.001
p2<0.001
10 421.2+29.4 357.0+18.6 <0.001
p1<0.001 p1<0.001
p»<0.001
16 826.5+21.6 = =
p:<0.001*
P, <0.01 (df=4) <0.01 (df=3)

NpumeyaHus: p — CTaTUCTMYECKas 3HAUMMOCTb Pa3nYMii NoKasatenei mexay rpynnamu (one-way ANOVA); post-hoc: pr — cTaTUCTUUeCKas 3HAYMMOCTb Pasnnuuii no
CPaBHEHWMIO C KOHTPO/IBHOM FPYMMO; P2 — CTATUCTUYECKAA 3HAUYMMOCTb PA3aNUMIA NOKasaTenei mexay nogrpynnamu (no kputepuio Totoku; * — no kputepuio CTblogeHTa);
3HaYeHWA CTAaTUCTUYECKOI 3HAYMMOCTH YKa3aHbl C y4ETOM nonpasku boHpeppoHm (0=0,017); po — CTaTUCTUUECKAA 3HAUUMOCTb PA3INYMIA LUHAMMKM MOKa3aTenei no cyT-

Kam (Repeated Measures ANOVA)

Notes: p — statistical significance of differences between groups (one-way ANOVA). Post-hoc analysis: p; — significance of differences compared to the control group; p, —
significance of differences between subgroups (Tukey's HSD test; * — Student's t-test). Statistical significance values are reported after Bonferroni correction (a=0.017); po

- significance of changes in indicators over time (Repeated Measures ANOVA)

OBCYXXAEHUE

Haww aaHHble cornacylotca ¢ pesynstaTaMu Apyrvx aBTOpOB,
YKa3bIBAIOLMMM Ha K/IKOYEBYIO PO/b WMHTepaerkuHos IL-6, IL-10 u
IL-17 B $OpMMPOBAHMM CUCTEMHOTO BOCMA/SIMTENBHOMO OTBETa Npw
COVID-19. B paHee onybavKoBaHHbIX AaHHbIX COOH6LLANOCh O NOBbI-
LUeHWM YPOBHA IL-6 y NaLMEHTOB C TAXKENBIM TEYEHMEM MO CPABHEHUIO
C nauueHTamm ¢ bonee nérkoi popmoit 3abonesanus [20]. Kak no-
Ka3blBatOT M HALUM AaHHble, U pe3ynbTaTbl APYrux astopos [21, 22],
3HayeHuA IL-6, IL-10 n IL-17 B CbIBOPOTKE KPOBM CTAaTUCTUYECKMN 3HA-
YMMO BbILLE Y NALMEHTOB C IeTa/IbHbIM UCXOA0M, YTO NO3BONAET pac-
CMaTpUBaTb MX KaK MPOrHOCTUYECKME MAPKEPbI HebnaronpuATHOro
TeyeHna COVID-19.

Tabauya 2 KoaguyueHmer Koppenayuu upcoHa memoy yposHAMU
/1 u PU'y nayueHmos uccnedyemod 2pynnel

literature [21, 22] demonstrate that serum IL-6, IL-10, and IL-17
concentrations are significantly higher in patients with fatal out-
comes, supporting their utility as prognostic markers for unfavor-
able clinical trajectories.

Notably, we observed a statistically significant negative cor-
relation between decreases in the Rl and increases in IL-6, IL-8,
and IL-10 in intensive care patients, consistent with prior research
[23]. While these correlations reflect a general pathogenetic
trend, they do not inherently prove a causal role without further
experimental validation.

The longitudinal dynamics of IL-6, IL-10, and IL-17 during
the first 10 days of illness are critical for monitoring inflammato-
ry progression in severe and critical COVID-19. Previous studies

Table 2 Pearson correlation coefficients between serum IL levels and RI

WUHTepneiikuH CpoK, CyTKM1 R (I noarpynna) R (Il nogrpynna)
Interleukin Day of illness R (subgroup 1) P R (subgroup 2) P
3 -0.12 >0.05 -0.12 >0.05
5 -0.25 >0.05 -0.33 =0.018
IL-6 7 -0.22 >0.05 -0.483 <0.001
10 -0.09 >0.05 —-0.561 <0.001
16 -0.04 >0.05 - -
-0.10 >0.05 -0.10 >0.05
5 -0.24 >0.05 -0.36 =0.014
IL-10 -0.21 >0.05 -0.394 <0.001
10 -0.14 >0.05 -0.595 <0.001
16 -0.06 >0.05 = =
-0.08 >0.05 -0.09 >0.05
-0.19 >0.05 -0.377 <0.001
IL-17 7 -0.18 >0.05 -0.402 <0.001
10 -0.12 >0.05 -0.583 <0.001
16 -0.07 >0.05 - -
-0.10 >0.05 —-0.09 >0.05
5 -0.20 >0.05 -0.28 =0.040
IL-18 -0.22 >0.05 -0.304 <0.001
10 -0.15 >0.05 -0.489 <0.001
16 -0.08 >0.05 = =
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Fig. 1 ROC curves for IL-6 (day 7) and IL-10 (day 10) in predicting fatal outcomes
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Fig. 2 ROC curves for IL-17 (day 7) and IL-18 (day 10) in predicting fatal outcomes

Ocob0ro BHUMaHUA 3aCayKMBAOT BbIBOAblI O CTATUCTUYECKM
3HAYMMON OTPULLATENIbHOW KOPPenaumMn Mexay CHuxeHvem PU u
NoBbILEHNEM YPOBHEN MHTepAeiKknHoB IL-6, IL-8 1 IL-10 y nauuen-
ToB ¢ COVID-19, Haxoauslumxca B OPUT [23]. YcTaHOBNEHHbIE HAaMK
Koppenaumn mexay MM v PU oTpaxkatoT obuyto TeHAEHUMIO, OaHa-
KO camu no cebe He MOryT CBMAETENbCTBOBATb O NATOrEHETUYECKOM
ponu 3TUX MapKEPoB 6e3 AOMONHUTENIBHOMO IKCMEPUMEHTAIbHOMO
NOATBEPKAEHUA.

[MHamuKa yposHe# uHTepneikuHos IL-6, IL-10 u IL-17 B cbiBo-
pOTKe KPOoBU B TeyeHUe nepsbix 10 cyToK 3ab01eBaHUA MMEET BasKHOE
3HaYeHune ANA OLEHKM NPOrpeccMpoBaHMA BOCMAUTENIbHOTO OTBETa
npu TAXENOM U KpuTndeckom TeveHun COVID-19. Tak, npogemoH-
CTPMPOBAHO, YTO ypoBeHb IL-6 Bo3pacTtan y nauneHtos ¢ OPAC v ne-
TaNlbHbIM UCXOAOM, TOFAA KaK Y BbI340PaBAMBAIOLLMX OTMEYANOCh ero
nocteneHHoe CHUXeHue [24]. 3T AaHHble COOTBETCTBYIOT AUHAMMKE,
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have shown that IL-6 levels rise in patients with ARDS and fatal
outcomes while gradually declining in survivors [24]. Our study
confirms this trend; however, we recorded IL-6 concentrations
exceeding the reference range by more than 20-fold, indicating
extreme hypercytokinemia. Moving beyond the scope of most
previous studies, we performed longitudinal monitoring of IL-6,
IL-10, IL-17, and IL-18, specifically during the critical 7-10-day win-
dow, and correlated these findings with Rl and clinical outcomes.
Furthermore, we are the first to establish specific cutoff values
(e.g., IL-6 >22.2 pg/mL on day 7) with high prognostic accuracy, as
demonstrated by ROC analysis. These results offer practical utility
for risk stratification in severe cases.

IL-10 levels are equally indicative. In ICU patients, IL-10 con-
centrations are significantly higher than in less severe cases [9,
12] and correlate closely with IL-6 and C-reactive protein [12].
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3adMKCMPOBaHHOM B HacToALeM uccneaoBaHnn. OfHaKO B Haliem
C/lyyae KoHUeHTpaumu IL-6 gocturany 6onee, yem ABadLaTUKPATHOMO
npeBbiLeHNs pedepeHCHbIX 3HAYEHW, YTO CBUAETENLCTBYET O KpaWd-
HEe BbIPAXXEHHOMN MNepLUMTOKMHEMUU. B oTanume oT BonblUMHCTBA
npeablAyLWwmnx paboT, Mbl NPOCAEKMBAIN YPOBHM He TONbKO IL-6, HO 1
IL-10, IL-17 v IL-18 B guHamMKe NO AHAM, BKNKOYAsA KPUTUYECKME CPo-
Ku (7-10-e cyTKmM), 1 conocTaBanm ux ¢ PU v KIMHUYECKUM UCXOAOM.
Kpome Toro, Hamm BnepBble paccumTaHbl KOHKpeTHble cut-off 3Haue-
HUA (Hanpumep, IL-6 >22,2 nr/mn Ha 7-e cyTKK), obnagatoLume BbiCco-
KOM NPOrHOCTMYECKOM LLeHHOCTbIO No AaHHbIM ROC-aHanu3a. 31 pe-
3y/NbTaTbl NPUAAIOT UCCNEA0BAHMIO NPUKNAAHOE 3HAaYeHMe B PaMKax
CTPAaTUUKALMM PUCKA Y NALLMEHTOB C TAXKENbIM TedeHnem COVID-19.

He meHee nokasateneH yposeHb IL-10. [1o HeKOTOpbIM AaHHbIM,
€ro KOHLEeHTpaLmm y naumeHTos, HaxoamsLumxca B OPUT, cywectseH-
HO MPEBOCXOAWN 3HAUYEHMA Y BONBHBIX C MEHEE TAXKENbIM TeHeHNeM
[9, 12]. Kpome Toro, IL-10 TECHO KOPPENMPOBaN C NOBbILWEHHbLIM YPOB-
Hem WJ1-6 1 apyrux BocnanuTenbHbIX MapKEpoB, BKAtoYasa C-peakTums-
HbIlt 6enok [12]. MHTepecHo, YTo, N0 HEKOTOPbIM AaHHbIM [25], ypo-
BeHb IL-10 HaumMHan pactn paHblue, Yyem IL-6, 4TO aBTOPbI CBA3bIBAIOT
C paHHel NPOTMBOBOCNANUTENIbHOMN peaKkuyen. B Hawem uccnenosa-
HUW, HaNpoTKB, bonee paHHee ¥ pe3koe NoBbilleHKe |L-6 MoXKeT cBu-
[leTenbcTBoBaTh 0 NpeobaagaHnM NPOBOCMANNTENbHOTO KOMMOHEHTA
Y¥Ke Ha HayasibHbIX CTaAmMAX 3aboneBaHuA. Takas NPOTUBOMNONOKHAA
[AVHaMMKa, BEPOATHO, OTPAKAET BapMaTUBHOCTb MMMYHHOTO OTBETA,
06YC/I0BNIEHHYIO PA3NNYMAMM B TAXKECTU 3aboneBaHus, ucxose (Bbis-
[LOPOB/IEHWE WU NIETANBHOCTB), CPOKaX 06paLLeHNA 33 MEAULMHCKON
MOMOLLbIO U UHAMBUAYANbHBIMU OCOBEHHOCTAMM pPeryaaLmmn Bocna-
JIUTENbHbIX MeANaTOPOB.

OfHOBpPEMEHHOE MOBbILEHWE MPOBOCMANNUTENBHBIX (Hanpu-
mep, IL-6 1 IL-8) 1 npoTnBOBOCNANUTENBHOTO UMTOKMHA M/1-10 mokeT
OTpaXkaTb KOMMEHCATOPHbIA UMMYHOPEryaATOPHbIA MexaHu3M, Ha-
MPaB/EHHbIV Ha OrpaHUYeHne Ype3mMepHOl BOCMAZUTENbHON peak-
ummn. OgHako npu TAXkénom TedeHmmn COVID-19 aToT mexaHW3m MoXKeT
CTaHOBUTbCA ANCOYHKLMOHANbHBIM, Koraa |L-10 TepseT cnocobHocTb
3G dEKTUBHO cAepKMBaTb CUCTEMHOE BOCMANEHME, YTO TaKKe GUKCK-
POBaNOCh B APYrUX UccnegoBaHmax [12, 25].

C naTtoreHeTMYeCcKOW TOYKM 3PEHWA UCCnedyemble LUTOKUHbI
MOTYT ObITb YCIOBHO pa3zenieHbl Ha TpU rpynnbl. K nposocnanvtens-
HbIM OTHOCATCA IL-6 1 IL-8 — meamMaTopbl CUCTEMHOTO BOCMaNEHUA U
LMTOKMHOBOMO wWwTopma. IL-10 npeacTtaBnset coboit Knaccuyeckuii
MPOTUBOBOCMANIUTENbHbIV LIUTOKWMH, UHAYLMPYEMbIA 418 OrpaHuye-
HUA NOBPEKAAIOLLErO LENCTBMA BOCNANUTE/IbHBIX MPOLLECCOB, OLHAKO
B ycn10BUAX TAKENOro TedeHna COVID-19 ero npoayKuma MOXKET BbiTb
HeapdeKTUBHOM. IL-17 — UMMYHOPETYNATOPHBIN LUTOKMH, CBA3AHHbIN
¢ Th17-0TBETOM ¥ ayTOMMMYHHbIM BOCNAIEHUEM, UTPAOLLMI 0COBYHO
pO/ib B NOBPEKAEHNMN NEFOYHOM TKaHU. Takoe GYHKLMOHaNbHOe pas-
rpaHuYeHne no3BosifAeT Mybxe MHTEPNPeTUPOBaTb 0COBEHHOCTU MX
OVHAMUKM M NPOTHOCTMYECKOM 3HauMmocTv y naumeHToB ¢ OPAC Ha
¢doHe COVID-19.

0Ocoboe BHMMaHWe B HAaCTOALLEM UCCNea0BaHMM NPUBAEK IL-17.
MoBbILEHHbIE ero ypoBHM, N0 AaHHbIM nTepaTypbl [14, 15], accoumu-
POBaHbI C Pa3BUTUEM NMONMOPTaHHON HELLOCTAaTOUHOCTU M JIETa/IbHbIM
ncxogom npm COVID-19. Hawwm pe3ynbTaTbl HE TOIbKO NOATBEPKAAOT
3TOT (aKT, HO U PACLUMPAIOT NPEACTABAEHMA O ero Po/u, NOCKONbKY
BMepBble NPOAEMOHCTPMPOBAHA AMHAMMKA KOHUEHTpauuit IL-17 Ha
pasHbIX 3Tanax 6onesnm (o1 3 4o 16 CYTOK), a TaKKe YCTaHOBNEHA €r0
CTaTUCTUYECKM 3HAYMMaA oTpuLaTenbHasa Koppenauma c PU. fonon-
HUTENbHO HaMK onpeaeneHo NPOrHOCTUYECKM 3HAaYMMOe NMOPOroBoe
3HaueHue (cut-off >24,2 nr/mn Ha 7-e CyTKu), YTO NPUAAET MapKEpy
NPUKNafHOe 3HaYyeHWe B NPOrHO3MPOBAHWUM HeBNaronpPUATHOrO Mc-
xogda. IL-17, B oTAanume OT ApYrux uccaefdyemblX LUTOKMHOB, npes-

While some reports suggest IL-10 rises before IL-6 as part of an
early anti-inflammatory response [25], our study found a sharper,
earlier increase in IL-6. This finding suggests a predominant proin-
flammatory component in the early stages. This divergence likely
reflects the high variability of the immune response, influenced
by disease severity, time to medical intervention, and individual
regulatory mechanisms.

The simultaneous elevation of proinflammatory (IL-6, IL-8)
and anti-inflammatory (IL-10) cytokines may represent a compen-
satory mechanism to limit collateral tissue damage. However, in
severe COVID-19, this regulatory balance may fail as IL-10 loses
its ability to restrain systemic inflammation [12, 25].

Pathogenetically, these cytokines can be categorized into
three functional groups: IL-6 and IL-8 as mediators of systemic
inflammation and cytokine storms; IL-10 as a classic anti-inflam-
matory cytokine that may become ineffective in severe disease;
and IL-17 as an immunoregulatory factor associated with Th17
responses and autoimmune-mediated lung injury.

IL-17 warrants specific attention. While the literature as-
sociates IL-17 with multiple organ failure and mortality [14, 15],
our study extends this by demonstrating its dynamics from days
3 to 16 and establishing a negative correlation with RI. Our iden-
tified threshold (>24.2 pg/mL on day 7) provides a practical tool
for predicting unfavorable outcomes. Unlike other cytokines stud-
ied, IL-17 is a distinct immunoregulatory factor associated with
Th17 cell differentiation and the development of autoimmunity.
Its involvement in COVID-19 pathogenesis warrants separate dis-
cussion, as it is mediated by the activation of effective adaptive
immune components. Conversely, IL-18, a product of the inflam-
matory cascade, acts by activating inflammasomes and stimulat-
ing the production of proinflammatory cytokines, such as IL-6.
Therefore, combining these cytokines into a single functional unit
is both methodologically and pathogenetically unjustified.

CONCLUSION

Elevated serum concentrations of IL-6, IL-10, and IL-17 in
the early days of hospitalization may serve as potential laboratory
markers of risk for severe COVID-19 and ARDS, particularly from
day 5 onwards. IL-6 demonstrated the highest prognostic signif-
icance, with levels exceeding 22.2 pg/mL on day 7 serving as a
robust early indicator of unfavorable outcomes in ICU patients.
Conversely, IL-18 did not show sufficient prognostic accuracy in
ROC analysis and should not be considered a reliable marker of
mortality.

Early dynamic monitoring of IL-6 is a valid approach for risk
assessment in clinical practice. While the established threshold of
>22.2 pg/mL on day 7 is a primary prognostic indicator, the ad-
ditional value of IL-10 and IL-17 levels warrants further clinical
investigation.
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CTaBnseT cobol NPenmyLLECTBEHHO UMMYHOPEryasaTOPHbIN daKTop,
aCcoLMMPOBaHHbIN ¢ anddepeHumpoBKoi Th17-KNeToK u pa3suTMem
AyTOMMMYHHOro BocnaneHua. Ero yyactne B natoreHese COVID-19
TpebyeT OTAeNbHOro O6CYKAEHWA, MOCKO/MbKY OHO OMOCPesoBaHO
aKTMBaLMel cneundpuyeckmx alanTUBHbIX 3BEHbEB MMMYHHOM CUCTe-
Mbl. B TO )Xe Bpems IL-18, Kak KOMNOHEHT BPOXAEHHOTO BOCNANNTENb-
HOro Kackafia, iIeMCTByeT Yepe3 MexaHW3M aKTUBaLMK HGIaMMacom
N CTUMYIIMPYET MPOAYKLMIO NPOBOCMANNUTENbHbIX LIUTOKMHOB, TaKUX
KaK IL-6. O6beaMHEHNE ITUX LUUTOKMHOB B OAHOM GYHKLMOHANbHOM
6/710Ke NpesCcTaBNAETCA METOANYECKM U NATOTEHETUYECKM HEODOCHO-
BaHHbIM.

3AKNIOYEHUE

MosbiweHHble KoHueHTpauuu IL-6, IL-10 n IL-17 B cbiBOpOTKe
KpOBW, onpedensemble ye B Nnepsble AHW rOCMUTaNU3aLmmn, moryt
paccmaTpMBaTbCA B KaYecTBe NOTeHLMaNbHbIX 1ab0PaTOPHbIX MapKE-
POB PUCKa Pa3BUTMA TAXKENOro U KpuTuyeckoro Teyenma COVID-19 c

dopmuposaHnem OPLC, 0cobeHHO HauMHas ¢ 5-X CYTOK 3abon1eBaHus.
Cpeay Bcex ucciefyeMbix HTEPNEVKMHOB Hanbonee BbipaKeHHYH
NPOrHOCTMYECKYIO 3HAYMMOCTb MPOAEMOHCTPUPOBAN ypoBeHb IL-6,
npesblWaowmin 22,2 nr/mn Ha 7-e cyTkM 3ab6onesaHusA. ITOT NoKasa-
Te/lb MOXKET C/IYKWUTb PaHHUM NabopaTopHbIM MapKkEépom Hebnaro-
NPUATHOTO TeyeHua y naumeHTos ¢ OPAC, HaxoaAWmMXCA B YCAOBUAX
OPUT. B otanume ot IL-6, IL-10 n IL-17, IL-18 He npoaemOoHCTpupoBan
BbICOKOI NPOrHOCTUYeCKo TouHocTH B ROC-aHanm3se 1 He MoXeT pac-
CMaTPMBATLCA KaK HAAEKHbIN MapKEp Heb1aronpuaATHOro UCXoaa.

PaHHee 1 amMHamuyeckoe onpegeneHve yposHa IL-6 y naum-
€HTOB C Taénbimn dopmamm COVID-19 npeactasnsetcs 060CHO-
BaHHbIM MOAXOLOM K OLEHKE pucKa HebnaronpuaTHoro mcxoga. B
YaCTHOCTW, YCTAHOB/IEHHbIV Nopor >22,2 nr/Mn Ha 7-e CYTKU MOXeT
ObITb MCMOMBb30BaH KaK MOTEHLMAbHBIA NPOTHOCTUYECKUIA MapKEp
B K/IMHUYECKOM NpaKTuKe. [onoHUTENbHYIO LeHHOCTb MOTYT npej-
CTaB/ATb ypoBHH IL-10 v IL-17, ogHaKo 310 TpebyeT AanbHeNWero K-
HWYECKOro NOATBEPKAEHMA.
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