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KJAHUKO-JIABOPATOPHBIE
OCOBEHHOCTH UMMYHHOI'O OTBETA
Y JETEW C ”THOEKIIUEW COVID-19

E.C. Azeesa, H.B. Pvimapenxo, E.H. /[aowpa, A.K. I'ypmosas,
C.JI. Cagppontok, P.H. Aonaeea, C.B. Ycosa

B cmamve npedcmagnenvi pe3yibmamsl aHaIU3a KIUHUKO-MOPGDONI02UUECKOl
Xapaxkmepucmuxu u paoa noxazameneti nepugepuieckoll Kpogu y demeil ¢ HO8oIl
KOPOHABUPYCHOU UHDeKYUell.

Ienv uccnedosanua — oamov KIUHUKO-TAOOPAMOPHYIO XAPAKIMEPUCUKY UM-
MYHHO20 omeema y demell ¢ HOBOU KOPOHABUPYCHOU UHpeKyuell.

Mamepuanst u memoowvt. O6cnedosano 102 demeii ¢ HOBOU KOPOHABUPYCHOU
unexyuen. Oyenka nokazamenetl nepugepuieckol Kposu u cyononyiayutl 1um-
doyumos y demetl mpex 6ozpacmuuix epynn 0-4 nem, 5-9 nem u 10-14 nem.

Pesynomamot. YV 0emeti ¢ HOB0U KOPOHABUPYCHOU UHpeKyuel Habmooaemcs
OUCOANANC 2PpANYTIOYUMAPHO20 U TUMPOYUMAPHO20 36eHA, Hauboee 8blpadiceH-
Hblll 011 oemetl maaouteeo (0-4 200a) u cpedneeo (5-9 nem) 6o3pacmuou epynn.
Obwas menoeHyus USMEHEHULl XapaKmepu3yemces nosblueHuemM Iumpoyumos u
2PanyIoyuUmos 6 Hauae 3a001e6anus u cHudicerue uepes 2 neoenu. Kosggpuyuenm
COOMHOUEHUs. HeUMmpoduios K aumpoyumam demoHcmpupyem npeooradarue
Helumpouios.

3aknwouenue. Hawe uccriedosanue npooeMoHCmpuposano, 4mo npu ocmpou
¢asze supycroii ungexyuu COVID-19 y demetl npoucxooum yeenuueHue cooepirca-
HUsL HEUMPODUA08, OMHOCUMETLHO cOOePICaHUs TuMpoyumos. Ilpu anaruze noxa-
s3ameneti CyOnonyIsyuil IUM@oyumos y 0emetl ObL10 YCmanosieno cHuxcerue T-yu-
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momoxcuueckux 1umpoyumos (CD3+CD8+), NK-rumpoyumos (CD16+CD56+)
u B-numpoyumos (CD19+) omuocumenvro Hopmol. Fccnedo8anus 0aom 8axcHole
KAUHUYecKue OaHHble 80 8PeMsL NPOOOIHCAIOUeLiCs NAHOEMUL.

Knrouesvie cnosa: oemu; COVID-19; rumpoyumoi; NK-numepoyumei; B-num-
doyumol
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CLINICAL AND LABORATORY
FEATURES OF THE IMMUNE RESPONSE
IN CHILDREN WITH COVID-19 INFECTION

E.S. Ageeva, N.V. Rymarenko, E.N. Dyadyura, A.K. Gurtovaya,
S.L. Safronyuk, R.N. Ablaeva, S.V. Usova

The article presents the results of the analysis of clinical and morphological
characteristics and a number of indicators of peripheral blood in children with
a new coronavirus infection.

The purpose of the study is to give clinical and laboratory characteristics of
the immune response in children with a new coronavirus infection.

Materials and methods. 102 children with a new coronavirus infection were
examined. Evaluation of peripheral blood parameters and lymphocyte subpop-
ulations in children of three age groups 0-4 years, 5-9 years and 10-14 years.

Results. In children with a new coronavirus infection, an imbalance of the
granulocytic and lymphocytic link is observed, which is most pronounced for chil-
dren of the younger (0-4 years) and middle (5-9 years) age groups. The general
trend of changes is characterized by an increase in lymphocytes and granulocytes
at the onset of the disease and a decrease after 2 weeks. The ratio of neutrophils
to lymphocytes shows the predominance of neutrophils.

Conclusion. The established changes are characterized as specific for most
viral infections, but at the same time reflect the pathogenetic specifics of SARS-
CoV-2 infection, as a combination of age-related features of the functioning of
the immune system and the etiotropic effect of the virus.
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BBenenune

Jletn COCTaBISIIOT YBEIMYHMBAIONIIYIOCS JOJIIO CIIydaeB 3a00JI€BaeMOCTH
COVID-19 [9, 15]. bonee 3,87 mummona aereit (0—15 ieT) uMenu MoI0KH-
TEJIbHBIM PE3yNIbTaT ¢ MOMEHTA HavyaJla BCIBIIIKH, YTO COCTABHIIO MpuMepHoO 18%
Bcex cinydaes B CIIIA [19]. DnuaeMuonaoruyeckue paccieioBaHus U KIIUMHUYe-
CKHMIi MOHUTOPHHI [TOKa3bIBAIOT, YTO y OOJBIIMHCTBA HH()UIIMPOBAHHBIX JACTEH
pa3BuBaeTcs nerkas ¢popma (27%) nim 0eCCHMIITOMHOE HOCHUTEIBCTBO (66%).
B ommiume ot B3pocibIX, Y AeTel 3a00JIeBaHUE XapaKTepH3yeTcsl CHMITTOMAMHU
0oJIbIIIe XapaKTEePHBIMU JUIS IPYTUX JISTCKUX HH(EKINIT — Kallesb, TeMIeparypa,
racTpOMHTECTUHANbHBIE cUMIITOMBI [11, 12, 32]. Cpenusis u TsKenasi CTeeHn
TSDKECTH BCTpedaeTcs KpaiiHe peko y aereit (5 u 2 % coorBerctenHo) [13].

B mMMyHONOrHYeCKnX MeXaHM3Max 3amuThl TpoTHB MHpeKn SARS-
CoV-2 akTHBHpYeTCs KaK TyMOPaJIbHBIH, TaK 1 KJIETOYHBINH UMMYHHUTET [ 14, 35].
T-mamdormts! mamsatn y nanuerToB ¢ COVID-19 nposiBisifoT GyHKIIHOHATEHYIO
PEaKTUBHOCTb, KOTOPAsi CIIOCOOCTBYET MPOTHBOBHPYCHOM PE3UCTEHTHOCTH B CITy-
yae oBTopHOro nHpuimposanus [35]. Pa3BuTre MUMMYHHOTO OTBETa pa3iinyaeT-
Csl B 3aBHCUMOCTH OT BO3pacTa 4elloBeKa, TshkecTH 3aboneBanus [9]. [Tatorenes
COVID-19-acconmmpoBaHHBIX 3200JICBaHI BKIFOYAST HHBA3UIO U PETUTHKAIIHIO
BUpYCa B JbIXaTEIbHBIX MYTSX C IIOCIEAYIOUIMM pa3BuTHEM Bupemuu. [1pu Ts-
KENBIX PopMax co CTOPOHBI OPraHU3Ma BO3HUKAET MMMYHHBIH OTBET, KOTOPbIi
XapaKTepU3yeTCsI TAK Ha3bIBAEMBIM «ITUTOKHHOBBIM IIITOPMOM).

Nzyuenne ocobennocteilt Tedenus y nereir COVID-19-acconnupoBaHHBIX
3a00JIeBaHUil C pa3IMYHON CTENEHBIO TSHKECTHU MO3BOJISIET CACIATh MPEIIONO-
JKeHHe, YTO IMMYHHBII oTBeT y aereit ¢ MIS-C (Multisystem Inflammatory
Syndrome in Children) omimdaercs oT IMMYHHOTO OTBETa y A€TEH ¢ HEOCIOXK-
HEHHBIM TeUeHHUEM HOBOM KOpOHaBUpPYyCHOI nH(ekuuHn [6]. [TokasaHo, 4To mia-
JEHIBI ¥ JIETU 10 5 JeT UMEIOT YHUKAIbHBII UIMMYHO(EHOTHUII U MO-Pa3HOMY
pearupytot Ha uHpeknuio SARS-CoV-2 1o cpaBHeHHIO co B3pocibmu [30,
34]. Bo3aMoxHBIM 00BsICHEHHEM 0oJiee HU3KOTrO YpPOBHSI MH(DUIIMPOBAaHHOCTH
U OoJiee 4acToro OECCUMIITOMHOIO TEUEHHS SIBIISIETCS: HE3PEIOCTh UMMYHHOM
CHCTEMBI, HEIOCTATOK BBIPAOOTKH PEIENTOPOB aHTMOTECH3MHIPEBPAIIAOIINX
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¢depmenToB (ACE-2 — angiotensin converting enzyme 2), TaCCUBHBIN I1EPEHOC
AHTUTEN OT MaTE€PH BO BpeMsI OEPEMEHHOCTH U KOPMIICHHSI TPYAHBIM MOJIOKOM,
MIPHUCYTCTBUS (eTampHoro remoriiobuna [31, 39].

CpaBHeHME MALEHTOB B3pOCIIOrO BO3PAcTa U JIETeH Tak »ke IEeMOHCTPUPYET
OTJINYMS KaK B YPOBHE MPOAYKIHMH, TaK U (DYHKIMOHAIBHBIX OCOOCHHOCTEH NM-
MYHHOTO 0TBeTa. OCHOBHOE BHIMaHHE Y/ICIISIETCSI OLICHKE TMHAMHUKH 00pa30BaHMs
1 LMPKYJISILMY CIICHU(PUIECKNX aHTUTEN B IEPUOJT OCTPON MH(EKINH U MOCTKO-
BUITHOM riepuone. Y nereit IgG xapakrepusyroTcest 00see BHICOKHM YPOBHEM MPO-
IYKIMH, HO UX HeWTpanu3yromas (pyHKIHs Oojee HI3Kas 4eM y B3pOCIBIX [6].
OnHOl U3 TUIIOTE3 SIBISIETCS TO YTO JIETH C HOBOM KOPOHABUPYCHOM MHQEKIMN
MOT'YT UMETh Iy B-KJIeTok maMsaTH ¢ NepeKTpecTHO-PEaKTUBBIMI MEXaHU3MOM
AKTHBAIIH, KOTOPbIE BO3HUKAIOT B PE3YJBTATe MPEABIIYILETO BO3ACHCTBHS BUPY-
coB. TakuMm 00pa3oM, aKTyaIbHOCTh MPHOOPETAIOT MCCIIENOBAHMS M0 U3yUECHHIO
CPOKOB BO3HHKHOBEHUSI, HANPSHKEHHOCTH MEXAHU3MOB, JISKAIUX B PeaTn3aliu
anantuBHOro nmMmyHuteTa k SARS-CoV-2 y nereil, 4to kpaifHe BaKHO IS TIO-
HUMaHUs CTEIEHN MX y4JacTusi B ()OPMUPOBAHMN UMMYHHTETA B MOMYJALMAX U
OLIEHKH MHIMBUTyalbHON HeBocTIpuUMUYMBOCTH K SARS-CoV-2 B nmocrneytomem.

Leanb nccrenoBaHus — 1aTh KIIMHUKO-J1a00PaTOPHYIO XapaKTEPUCTUKY UM-
MYHHOT'O OTBETa Y JIeTell ¢ HOBOW KOPOHABUPYCHOW MH(EKIHEH.

Marepuajbl M1 MeTOAbI

bbutu 00cIe0BaHbI AETH ¢ HOBOW KOPOHABUPYCHOW MH(MEKIIUEH CpemHei
cTerneHu TshkecTd B Bo3pacte ot 0 o 14 et (n=102). Bee marpieHTs!1 OLTH pas3-
JieT eHbl Ha 3 Bo3pacTtHble rpynmsl 0-4 net (n=74), 5-9 ner (n=15) u 10-14 ner
(n=13) [2, 8]. Bepuukanus 1rarnoza HoBast KOpOHABUPYCHas! HH(EKIHS Y Jie-
Tel ObTa OCHOBaHa Ha MoATBep kaeHNH Bupyca SARS-CoV-2 ¢ momomrsio OT-
[P 1 HanM9Ms KITHHAYECKN HICHTH(DUIIPYEMbIX CHMIITOMOB HIJIH TIPH3HAKOB
nH(EKINY BEpXHHX JbIXAaTEIBHBIX ITyTeH, 8 IMEHHO 3aJI0KEHHOCTb ITIOTKH, O0JIb
B roplie ¥ JINXOPa/IKa, U MPU PEHTICHOJIOTNUeCKOM HCclieJoBaHuH. Bee marmen-
THI IOATTHCHIBAIA MH()OPMAITIOHHOE COTIIACHE Ha TIPOBEICHNE HCCIISTOBAHMS.

AHanmM3upoBalIN KIMHUYECKHE TIPOSIBIICHHUS, @ TAK)XKe JIAOOpaTOpHBIE — Ire-
MaToJIOTMYECKHE TIOKA3aTeIN ¥ Pe3yJbTaThl IUTO(IYOPHMETPHUUECKOTO UCCITe-
noBanus. KpoBpb 3abupany n3 nepudepruveckoil BEHbI B JIEHb ITOCTYIIICHHS
(magamo 3abosneBaHus) W yepe3 2 Hemenw JieueHus. VccienoBaHue ypoBHS
OMOXMMHYECKHX TTOKa3aresieldl KpOBU BBINOJHSIM HAa aBTOMAaTH4YEeCKOM OHO-
xuMHudeckoM aHanuzatope Medonic M20, T'epmanwust. OOmuii aHaIu3 KPOBU
BEBITIONHSIA Ha TeMaroiiorndeckoMm anaim3arope Accent 200. Coxepxanne
JICHKOIIUTOB, OTHOCUTEIBHOE M a0COIIIOTHOE COJIEpKaHNe JIMM(OIUTOB U HEl-



250 Siberian Journal of Life Sciences and Agriculture, Vol. 15, Ne6, 2023

Tpo(MIIOB OIpeieIsuIN Ha reMaToJIOrMueCcKOM aHaIIu3aTope, JUIsl ONpe/eIeHHs
HHIEKCca COOTHOIIeHUsT HelTpodmioB kK mumdorutam kposu (MCHII) paccun-
TBHIBAJIM, KaK OTHOIICHHE KOJMYECTBA HEUTPO(DHIOB K KOJIMYECTBY JMM(OIH-
TOB (abs — abcomnoTHBIE 3HaUeHNUS, % — OTHOCUTENbHbIE 3HaYeHus). [lokazarenn
JICHKOIIUTApHOU (DOPMYJIBI BBIPAKAIU B OTHOCUTEIBHBIX (%) W aOCOJFOTHBIX
3HaueHUX (KI/1). {71 CpaBHUTENTFHOTO aHAIN3a TTOYYeHHBIX Pe3yIIbTaTOB MC-
TI0JIE30BAJIMCh HOPMAJIbHBIE 3HAUYCHMSI, IPUHATHIE B JIOKAILHON J1abopaTopun
I'BY3 PK «Pecrybnukanckast eTckast HHPEKIHOHHAs KITMHUYECKasi OONbHULIA.

Omnpenenenre CyonOMyISIIIHOHHOTO COCTaBa JIMM(OITUTOB KPOBU TIPOBOIIIIH
METOJIOM TPOTOYHOH JIA3epHOI UTOMIYOPUMETPUH C TPUMEHEHHEM MOHOKJIO-
HanbHBIX aHTHTeN («R&D Systemsy, CILA). AHaiu3 IPOBOAMIN C HCIOb-
3oBanueM nutoduyopumerpa Epics XL («Beckman Coulter EPICS XLy) Ha
OCHOBE oOIpezieNieHuss Manoro yrimoBoro cBeropaccesaus (FSC), xapakrepmsy-
IOIIEro pa3Mep KIETKH, U 6okoBoro ceeropaccesuus (SSC), xapakrepusyrole-
TO IMTOILIA3MAaTHYECKHUE, a TAKXke MeMOpaHHbIe 0COOEHHOCTH KieTKH. Hapsiny ¢
9THM, aHamm3upoBany nmapametpsl 3eneHoit (FITC — 530 am) dmyopecuenmim Ha
FL1-kanane. [TapameTpbl HanpsHKEeHUs A7 PETUCTPALMU ITOKa3aTenel Ha MpoToY-
HOM IIMTOMETPE 3aJaBajI COINIACHO YKa3aHWsIM B MHCTPYKLIMHU K Habopy. Pe3yib-
TaThl BHIPAXKAJIN B OTHOCUTEIBHBIX (%) U aOCOMIOTHBIX (TBIC./MKIT) 3HAYECHHSIX.

HUccnenoBarne nposonminock B LIKIT maygrsiM obopynoBannemM «Momexy-
nsipHast ononorus» KOV nm. B. U. Beprazackoro.

[TonyyeHHble JaHHBIC aHATM3UPOBAJIN B IPOrPaAMMHOM Iakete Statistica 8.0.
IockonbKy pacnpeaeneHne n3y4aeMbIX IoKa3aTeneil ObUI0 MPH3HAHHBIM OTIINY-
HBIM OT HOPMAJILHOTO, JTAaHHBIE MTPE/ICTABIISUIN, Kak Meauany (Me) 1 KBapTHin
(Q1-Q3). dns cpaBHEHMS ABYyX HECBA3aHHBIX COBOKYITHOCTEH MPUMEHSUIN TECT
ManHa-YUTHH, a JUIsl CPABHEHUS JAHHBIX B IBYX CBSI3aHHBIX COBOKYITHOCTSIX —
Tect Bunkokcona. Kputndeckuii ypoBeHb 3HaUNMOCTH ObLT IpuHAT 11pH P <0,05.

Pe3yabrarsi

Cpenu KITMHAKO-MOP(]OIOTHYECKIX MPOSBICHUH XapaKTepHBIMU OBLIH ClTe-
Jyromue — cyodeOpriibHas TemMIeparypa Teja yalle BCTpedaiach B rpyrnmax
nereit 5-9 u 10-14 ner (63,6 u 58,3 % cootBercTBeHHO, p<0,05, Tabm. 1). B T0
BpeMmsI Kak cpemu neteit 0-4 roma CTaTUCTHYECKH 3HAYMMO OBLITO OOITBIIe eTei
¢ temneparypoit 38-39 © C (44,4 %, p<0,05). Kamens BcTpedancs y Kaxo-
ro Broporo pebenka muamei (0-4 rona) u crapuieid (10-14 ner) BozpacTHoi
rpynmsl (64,5 u 60,0 %, coorBercTBeHHO, P<0,05). BstocTh OblIIa XapakTepHa
JUISL IeTel BceX BO3pPAcTHBIX rpymnm. CHIKEHHE allleTHTa Jalle BCTPedaoch
y aereit mitaamero Bo3pacrta 0-4 roza (tabin. 1).
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Tabnuya 1.
7Kano0bl eTeii Npu NOCTYNICHHUU
I'pynnel nanuenToB (%)
Kaunuyeckue nposiBiaeHust
0-4 ser 5-9 xer 10-14 xer
Temneparypa 37-38 ° C 20,0 63,6 * 58,3 **
Temneparypa 38-39° C 44.4 36,4 * 16,7 *%*, ***
Temneparypa Beimre 39° C 4,8 0 0
Kamens 64,5 27,3 * 60,0 ***
Hacmopk 57,8 64,6 25,5 ®* wkk
Bsnocts 75,6 72,7 50,0
CHMKEHMeE aIneTuTa 60,0 45,5 33,4 **
Bcero aereii 72,5 14,7 12.8

Ipumeuyanme. * - cratucTudeckas 3HaauMocThb (p< 0,05) Mexay BO3paCTHBIMH
rpynmamu 0-4 roga u 5-9 net, ** - craructudeckast 3Ha9nMOCTh (p< 0,05) Mex Ty Bo3-
pactaeiME Tpynmamu 0-4 rona u 9-14 net, *** - craructudeckas 3HauuMocTs (p< 0,05)
MEXly BO3pPaCTHBIMU rpynnamu 5-9 ner n 9-14 ner

AHanu3 cofiepKaHus JEHKOIMTOB KPOBH IOKa3all YMEPEHHOE yBeIrue-
HUE B IWHAMHKE BO3pPACTHBIX rpynmnax 0-4 roga n 5-9 ner u yMeHbIICHHE
TIoKa3aTelisl OCIIe JICYSHHUSI 110 CPABHEHHUIO C CO/IEP)KaHNEM JICHKOLIMTOB Ha
MOMEHT TnoctyruieHus B rpymnmne 10-14 nget. OOmuii 6es10K COOTBETCTBOBAI
HOpPMaJbHBIM MTOKA3aTeIsIM M HE OTIWYAJICA 10 COJACPKAHUIO HA MOMEHT
TOCTIMTAIH3AIUHN U TTOCIE 2-X Helelb iedeHus (Tadm. 2). [Ipu ananu3e seii-
KOIIMTApHOTO pocTKa B rpymie jaereil 0-4 rona ObUIO BBISBICHO yBelNYe-
HUe JTUMQOIUTAPHOTO UHICKCA U CHIIKEHHE TPaHyJIOIUTAPHOTO. YPOBEHb
TUMGOUNTOB OB CHUKEH, TEHJCHIMS CHIDKEHUS COXpaHsuIach U depes 2
nezpenn. Koadduuument coornomenns HeWTpouiioB K InMGOnnTam AeMOH-
CTpUpYET npeobiaganue HeUTPOPUIOB HAT TUMGPOIIUTAMU KPOBH. Y neTei
5-9 et Habmonanock 3HaunMMoe nosbimenne COD nmocne nedeHns. Borspie-
HO 4TO y Aetei B rpynme 0-4 roga ypoBeHb TUMGONHUTOB IepupeprIecKon
KpPOBH OBIJI HMXKE YeM MOKa3aTesM BO3pacTHOW HOpMBI. YUepes 2 Henenu B
JaHHOH rpynie HaOII0Jan0Ch CHUKEHHE JIUM(OIIMTOB KPOBH, 110 CPaBHE-
HHUIO C UX YPOBHEM Ha MOMEHT noctymienus. B rpynne aereir 10-14 ner
HanOosiee 3HAYMMBIMHM HaXOJKaMH1 SIBJSUIMCH MOBBIIIEHHE aOCONIOTHOTO 1
OTHOCHUTEJILHOTO 3HaYeHHsI IMM(POIIMTAPHOTO HHACKCA, & TAK)KE BBIPAKEH-
HOE YBETNYCHHUE MATOYKOSIICPHBIX HEUTPO(DHUIOB KpOBH, 0COOEHHO Yepes 2
Hezenu nociie nedeHus. KoadduumeHt cooTHomennss HeHTpo(UIIOB K M-
¢dorutam, 66U 00JIBIIE | U OTpaXKa BO3PACTHBIC 0COOCHHOCTH (Tab. 2).



252 Siberian Journal of Life Sciences and Agriculture, Vol. 15, Ne6, 2023
Tabnuya 2.
Ioxa3arenu Bocnajienus y nereid c COVID-19
ITokazarenu Bospacr, Jlo neuenus [Tocne neuenust Hopmabipie
et [10KA3aTeIIH
OO1uuii 6enoxk, r/i | 0-4 69.4 (64,7-74,4) | 68,1 (67,7-75,7) |60,0-80,0
5-9 72,1 (67,7-75,7) |66,5 (47,5-68,9) * | 60,0-80,0
10-14 66,3 (59,1-74,0) |69,7 (67,9-78,7) |60,0-80,0
COD, mm / yac 0-4 9,5 (5,6-12,0) 9,2 (7,2-11,0) 2,0-15,0
5-9 5,0 (3,0-7,0) 11,0 (9,0-24,0) * [2,0-15,0
10-14 8,2 (4,4-9.6) 6.8 (5,9-8,4) 2,0-15,0
Tleitkouutes, 10 | 0-4 8,2(5,5-10,7) |94 (7.5-12,2) 4,9-15,5
*/n 5-9 6,0 (4,0-7,6) 8,2 (5,0-10,8) 5,0-14,5
10-14 8,2 (4,4-8,4) 6,8 (5,9-8,4) 4,5-13,0
Jlumdormrapusrii | 0-4 3,9 (2,2-4,6) 3,3 (2,2-3,9) 1,2-3,0
unzexe, 10°/n (5.9 3,4 (1,4-4,8) 3,1 (2,1-4,5) 1,2-3,0
10-14 3,5(2,0-4,3) 3,2 (1,8-3,7) 1,2-3,0
Jlnmdonmrapusit | 0-4 45,2 (27,5-57,4) |36,4(22,3-43,2) |25,0-40,0
UHJIEKC, Yo 5-9 50,0 (35,4-59,0) |46,8 (42,2-53,7) |25,0-40,0
10-14  |46,4 (32,7-48,9) |42,3(30,1-46,5) |25,0-40,0
[panysorurap- 0-4 4,9 (2,0-9,0) 2,8 (1,0-8,7) 1,2-6,8
HBIN UHJICKC, 5-9 2,5(2,2-2,3) 2,8 (2,4-3,3) 1,2-6,8
107/ 1 10-14 |22 (1,6-3,1) 2.4 (1,8-2,9) 1,2-6,8
I'panysonurap- 0-4 35,9 (26,8-59,2) 49,0 (39,3-64,8) |47,0-72,0
HBIH HHIEKC, %o 5-9 41,9 (34,1-55,5) |43,3(39,4-46,3) |47,0-72,0
10-14 47,3 (36,4-51,8) |49,2(39,0-52,7) |47,0-72,0
Jlumpormter, % | 0-4 30,8 (20,0-39,0) |25,6 (16,0-39,0) |37,0-60,0
5-9 42,0 (32,0-47,0) |37,0(27,0-39,0) |30,0-50,0
10-14  |44,0 (31,0-52,0) |38,0 (30,0-43,0) |30,0-45,0
[MTanouxosnepusie | 0-4 9,0 (6,0-13,0) 7,0 (5,0-15,0) 0-5,0
uefitpopunsl, % | 5-9 15,3 (8,0-26,0) 12,3 (8,0-15,0) 0-5,0
10-14 12,0 (8,1-21,2) 16,0 (11,5-27,8) *|0-5,0
CermeHrosiep- 0-4 39,1 (31,0-49,0) |44,6 (16,0-49,0) |29,0-54,0
Hble HEHTPO(HIBL, | 5-9 37,6 (25,0-50,0) |40,6 (36,0-46,0) |39,0-64,0
% 10-14 39,4 (27,1-48,2) |42,4(36,1-52,0) |46,0-66,0
HCHIL ye. 0-4 1,54 (1,35-1,67) | 1,96 (1,31-2,11) | 1,0
5-9 1,26 (1,03-1,62) |1,43 (1,25-1,56) |Boxnee 1,0
10-14 1,15 (1,12-1,32) | 1,51 (1,36-1,84) |Bonee 1,0

Hpumeyanne. UCJIH — ko3 punmeHT COOTHOMIEHHS HEUTPOPUITOB K TUM(OLIUTaM
KPOBH. * - cTaTHCTHYecKast 3Ha4uMOCTh (p<0,05) Mexk1y Mmoka3aressiMU J10 JICUSHUS! 1

TIOCJIC JICUCHUS
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[lpu ananuse mokasareneil CyOmomysisuuid JTUMQPOUUTOB mepudepuye-
CKOH KpPOBH OBIJIO ITOKa3aHO, YTO BO BpeMs OCTpoil (ha3wl y aeTeil ¢ HOBOH
KOpOHaBUpYCHOH mH(pekuueil yposerb T-mumdorroB (CD3+CD4+), T-1u-
totokcndeckux umdorutos (CD3+CD8+) u coorHomenuss CD4+/CD8+ co-

OTBETCTBOBAJIM BO3pacTHOW HOopMe. (puc. 1, Tabm. 3).

Total Events: 15050

SSC-A
SSC-A

CD3/CD16+56/CD45/CD4/CD19/CD8 TruC

CD4+CD8- CD4+CD8+

CD4-CD8- CD4-CD8+

CD16856-

CD16856+CD1
CD19+ 9

CDI19 APC-A

CD16856-
CD19-

| coteass+CD1g-

CD45 PerCP-CyS5-A

OB ARCA €03 FITCA

CD8 APC-Cy7-A

CD16+56 PE-A

Puc. 1. Pacripenenenune CD-mapkepoB cyOnomyssiiuii JUMQOIUTOB y Tl ¢ HOBOM
KOpPOHABHPYCHOM WH(EKIHEH, pe3ynbTaThl HUTO(IyOPUMETPHICCKOTO aHAIN3A.

Tabnuya 3.
Iloxa3zarenu cyononmynsuuii 1umdonurtos y aereii ¢ COVID-19 undexnuei
CyOnonysinuu AOCOOTHBIE OtHocurensHble | HopmanbHbie
JTIUM(OIUTOB 3gayenus, 10°/ 1 3HadeHus, % nokazarenu, %
1793,63
T-mumponnter CD3+ (1604,0-1964.9) 70,9 (67,1-74,0) 62-69
T-mmMQonnTEI Xenmeps! 969,35
CD3+CD4+ (872,5-1007,39) | 324 (33,6-41.8) 30-40
T-uMTOTOKCHYECKHE 679,78
muMporutel CD3+CD8+ (591,93-750,45) 24,4 (20,3-27.4) 25-32
NK-mumdoruts 233,05
CD16+CD56+ (199.4259.66) | &1(>1-6.0) 815
513,75
B-muamgorurer CD19+ (297.83-637.18) 18,8 (14,0 -22.,9) 21-28
Cootnommerne CD4+/
CD8+ 1,42 (1,33-1,98) 1,1-1,4

VYposens T-mumdorutoB nepudepudeckorr kposu (CD3+) nmen TeHaeH-
LU0 K YBEIMUYCHHUIO Mokazarens. B To Bpems kak B-mumdonurer (CD19+) n
NK-numpouutsl (CD16+CDS56+) Oblii HIKE PEIesIOB BO3PACTHONH HOPMBI.

Oocy:xaenue

[Iupokoe pacnpocTpaHeHne HOBOW KOPOHABUPYCHOW HH(EKINH oTpe0o-
BAJIO TOMCKA KIIMHIUYECKHUX 1 JTA00OPATOPHBIX MTPEAUKTOPOB MPOrPECCUPOBAHHUS
3a00J1eBaHus, pa3BUTH TOKETBIX (DOPM H JIETABHBIX HCXO0B [3, 4]. B Hamem
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HCCIIEJOBAaHUU HaM HE YJIAJIOCh BBISIBUTH CHELU(PHUUECKHX MOP(HOIOTHUECKIX
MIPOSIBIICHUHN Y I€TeH ¢ HOBOH KOPOHABHPYCHOM HH(EKINEH, KOTOpbIe ObLTH OB
cnenuduaabl 111 SARS-CoV-2. [TogoOHbIe 3aKOHOMEPHOCTH COTIOCTaBUMEBI
C JJaHHBIMH JPYTUX aBTOpOB. CUUTAETCSI, UTO JIETKUE Y eTeH HAXOIATCS B CO-
CTOSTHMY Pa3BUTHS, HEOHATAIBHBIC JICTOUYHBIC SHAOTEIHAIBHBIC KJICTKH HMEIOT
JYYNIyI0 COXPaHHOCTH JIETOYHOTO Oaphepa [38], B CBA3M C 4eM 3a)KUBIICHUE
JIETKUX TPOUCXOJINT JIyUllle, a pa3BuTre pudpo3a — B MeHsbIuei crenenu [10].
[TokazaHo, 4T0 GOJIBIIMHCTBO KIMHUYECKUX MOKa3aTeaeld HOpMaIu30BaInCh Ha
paHHeH cTagun BbI3noposieHus. OqHaKo Juisl (yHKINOHAIBHBIX TTOKa3aTenen
MMMYHHOW CUCTEMBI HOpMaJIU3allMsl MoKaszaTesel He ormeyanach [33].

B cBs31 ¢ 4em pa3padoTka 1a00paTOpHBIX MPEANKTOPOB MO3BONIMIIA OBI ITPO-
BOJIUTH CTPATH(UKAIINIO PUCKA, HATPABUTH HHTEPBEHIIMOHHBIE NCCIIETOBAHNS
Ha TAIEHTOB C TIOBBIIIEHHBIM PUCKOM Pa3BUTHSI TSLKEIOTO TeUEHUs 3a001eBa-
HUSL, @ TAKXKe 00CYXK/1aTh BEPOSITHOCTh PA3BUTHSI TOCTKOBHHOTO CHHJIPOMA HIIH
MEXaHM3MOB XPOHH3AIMH 3a00JIeBaHMs y OECCUMITTOMHBIX HOocuTeneit [21, 33].

Bupyc SARS-CoV-2 nprBOAWT K YCHJICHHIO MOJSAPH3AINN aKTHBUPO-
BaHHBIX Makpodaros B cTopoHy mMakpodaros 1 Tuma, 4To B CBOIO OY€pEb,
yeunuBaert skcnpeccuto TNFa, IL-1B, IL-6, IL-8, aktuBupyer T-kineTku u Hei-
Tpodusl [5, 29, 26].

Hamu ycTanoBieHo, 4TO yBeIHUYCHHE KOJIMYECTBA JICHKOUTOB MepudepH-
YeCcKOW KPOBH Yy JIETeH OBUIO CBSI3aHO C TOBBINICHHBIM COZIEPKaHUEM HEHTpO-
¢buioB, 1UIs TMMQOIMTOB U MOHOIIMTOB UMEJIa MECTO 00paTHast TeH/ICHIIUSI.

CunTaercs, 4To OOIBIIMHCTBO T-KIETOK y HOBOPOXK/IEHHBIX U IeTeH MIIaj1-
IIIETO BO3pACTa HE3pejble M UTPAIOT BAKHYIO POJIb B ITOJABJICHUN MMMYHHBIX
peakuuii, pa3BUTHUH TOJIEPAHTHOCTH, 8 MOHOLIUTAPHO-MaKpo(arajibHOE CHCTe-
Ma XapaKTepu3yeTcs HapyIHIeHHEM POAYKIINU IPOBOCTIAINTEIbHBIX INTOKH-
HOB [1022]. Ananu3 nmuteparypsl ieMoHcTpupyeT, uto SARS-CoV-2 oTtHOCHTCS
K JIMM(OTPOITHBIM BUPYCaM, Y B3pOCIIbIX YBEIHMYCHUE JIUMPOIIUTOB KPOBH SIB-
JISIeTCsl HeONMaronpUsTHBIM (haKTOPOM, OTpaXkasi KOMIICHCATOPHOE HAKOILICHHE
JIAHHBIX KJ1eToK [20].

Hamu 656110 BBISIBIIEHO, YTO JTUM(OLUTHI TepUpeprUuecKOil KPOBH Y JleTei
10 4-X 5ieT ObUIM HUKE BO3PACTHOM HOPMBI, B TO BPEMsl Kak y JeTeil IpyIIibl
5-9 ner u 10-14 et HaXOAMINCH B TPAHUIIAX BO3PACTHBIX HOpM. HelTpoduis
XapaKTEePU30BAINCH YBEIUUCHUEM IPOAYKIINU C BBIPAKEHHBIM CIIBHUTOM BIle-
BO, OJTHAKO YPOBHH CErMEHTOSIZICPHBIX HEUTPO(UIIOB HE BEIXOHIIH 38 BEPXHHE
TPaHUIIBI BO3PACTHBIX HOPM.

o maHHBIM psAZa aBTOPOB MOKAa3aHO, YTO ITOKA3aTeIb HEUTPOMMIEHO-TTIM-
¢ormraproro nuaexca (MCHII), Takke npenckaspiBaeT BRIPaKEHHOCTHh BOC-



Siberian Journal of Life Sciences and Agriculture, Tom 15, Ne6, 2023 255

TAJICHHUS] U BEPOSITHOCTH HEOJIATrOMPUSATHOTO KIMHUYECKOTO TeYSHHUs 00JIe3HU
y’Ke TIpY TOBBIIIeHUH Oornee 3 equuui [27, 28, 36]. B HammeMm nccienoBanun
WCHJI He xapakTepn30Bajcs H30BITOYHBIM POCTOM ITOKa3aTelrs. Y TeTel Mitaj-
et rpyrnmsl (0-4 roxa) XapakTepu3oBajics AMHAMUKON yBeNn4eHHs depes 2
HEJIeIH TT0CIIe JIeUeHHsl U ObUT CBsI3aH C pa3BuTHeM JiuMdoneHun. OTMeueHo
YTO BBIpaKEHHAS TUM(OTICHHS MOYKET HAOIIOaThCA Ha (POHE HOPMAITFHOTO WITH
MOBBILLIEHHOTO KOJIMYecTBa JIEUKOMTOB [18, 37]. TOUHOCTh JAHHOTO MPEIUK-
Topa TpeOyeT n3yueHue U 00bsICHEHUsI MexaHu3Mos [ 1, 27].

CHMmXeHHEe KOJNMYeCTBa JTUM(OINTOB B MEpUPEPHISCKON KPOBH MOMKET
OBITH BBI3BAHO MOOMJIM3AMEl MMMYHHBIX KJIETOK K MecTaM WH(EKINH, Ha-
TIpUMep, K JIErKUM. J{pyriuM oObsSCHSIOMINM MEXaHU3MOM SIBJISIETCSI HAITPaBJIeH-
Hoe pazpyuenue JuMdoruros Bupycom SARS-CoV-2 [23].

Tak ke HEOJHO3HAYHA POIIb HEUTPO(DUIOB B TATOTEHE3e HOBOW KOPOHA-
BupycHoit uHdekun. C 0HOH CTOPOHBI, HeHTpOHIBI Hanbosee SPPeKTHB-
HBI TIpH OaKTepHaIbHBIX NH(EKIHUIX, OJJHAKO OHH TAKKe MMEIOT 3HaUCHHE U B
MIPOTUBOBUPYCHOH 3aluTe. B 4acTHOCTH, 110 JAHHBIM JIUTEPATYPhl OTMEUYEHO,
410 O0JIee TSKEN0e TeUeHHE HOBOI KOPOHABHPYCHOM MH(PEKIINHU CBSI3aHO C T10-
BBIIIIEHUEM COOTHOLIECHUSI HEUTPO(MIIOB K TMM(OLIUTAM U THITEPIKCIIPECCUEN
IL-6 u IL-8 [7]. B menom ponb HeHTpoduae3a oxapakTepu30BaHa Kak MpeIrK-
TOp IUIOXOTO MCXO/a, aCCOIIMUPOBAHHOTO C PAa3BUTHEM TPOMOO30B M JIETOY-
HBIX MHOUIBTpaToB. CABUT B CTOPOHY HE3PEJBIX HEUTPODHIOB MOXKET OBITH
JpaiiBepoM TUIIEPBOCIANICHUS U YCyTyOieHus TshkecTH 3aboseBanus [24, 25].

VY manueHToOB CO CpeJHEH CTENEHBI0 TSHKECTH OTMEYACTCS! TOBBIIICHNE
ypoBHst CD3+CD4+ u CD3+CD8+ nuM{OIuITOoB, 9TO MOJI0KATEIHEHO BIHSICT
Ha Oosiee ObIcTpoe paspernienue upekiuu [33]. [Ipu 3TOM NPOUCXOAUT Tepe-
pacripeqienieHie Cyonomy i TMM(GOIUTOB B CTOPOHY CHIDKEHHS B-nmumpo-
muToB (CD19+) u NK-mumdonutos (CD16+CD56+) [16].

B namem wncciiesoBaHnu OBUIO YCTaHOBIJIEHO, YTO HauOosiee 3HaYUMbIe
U3MEHEHHUs CyOTIOMyIAIIMOHHOTO COCTaBa JUMQOIIUTOB KaCAIUCh CHUKEHUS
NK-mmporuros (CD16+CD56+) n B-mumdonuTos (CD19+) Hinke mpenenos
BO3PACTHON HOPMBI.

Cumxkenne NK-mumponutos (CD16+CD56+) siBisieTcst XapaKTepHBIM MPO-
SBJICHWEM TIpU BUPYCHOM nH(peknnu, u onncad npu SARS-CoV-2-undexmmn
[17]. AHanorugnble U3MEHSA B BUIe cHIDKeHUS NK-1rM)oImToB XapakTepHEI
n y B3pociubiX. M3BectHo, NK-mumdonuToB pacrno3HaroT HHOUIMPOBAHHBIC
knetku. [Tocne akruBarun gerpanyssiinst NK-1umM@poIToB BEI3bIBACT BHICBO-
6orkieHne nepdoprHa U TpaH3uMa, KOTOPbIE HETTOCPEICTBEHHO JIM3UPYIOT UH-
(unrpoBaHHbBIE KIETKH. DTO TaK Ha3bIBaeMasi aHTUTEI03aBUCUMast KJICTOYHAS
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HUTOTOKCUYHOCTH. Kpome Toro, NK-kieTku B3auMoIeHCTBYIOT C IEHAPUTHBI-
MM KJIETKaMH B IIPOLIECCE aHTUTCHITPE3EHTAIIH U BIIUSIIOT HA a/IalITUBHBIN UM-
MYHHBII OTBET.

3aki0ueHue

[ToxasaHo, 4To y IeTeli ¢ HOBOW KOPOHOBHPYCHOW HWH(EKIHEH HaOIomaeTcs
JHcOaIaHC rPpaHyIONUTAPHOTO M IMM(OLMTAPHOTO 3BeHa, Han0oJIee BhIpaKeH-
HBIM A5 aetedt mnammiero (0-4 roga) u cpennero (5-9 net) BO3pacTHOM rpyIi.
V3meneHns cyOnomy sIMOHHOTO COCTaBa TMM(OIIUTOB XapaKTEPH3yETCsI CHHU-
xerneM NK-mmmponutos (CD16+CD56+).

YcraHOBICHHBIE M3MEHEHUSI XapaKTEepU3yIOTCs Kak CHenru(UYHBbIC IS
OOJIBIIMHCTBA BUPYCHBIX MH(MEKIMH, HO B TOXE BPeMsl OTPaKAIOT MaToreHe-
taeckyto cnennpuky SARS-CoV-2-uH(eknnn, Kak COBOKYITHOCTh BO3PaCT-
HBIX 0COOEHHOCTEH ()yHKIIMOHMPOBAHUSI MMMYHHOMH CHCTEMBI M 3THOTPOITHOTO
JIEHCTBUS BUpYCa.

[TornMaHIe MEXaHN3MOB MAaTOTEHE3a HOBOW KOPOHABHPYCHOW MH()EKINU
y JeTeil ¢ ompenesieHHeM poJId M INHAMUKH M3MEHEHUS] HNMMYHHBIX KIJICTOK
nepudepruuecKoil KpoBU (HEUTPOPHIOB, TUM(OINTOB) MO3BOIUT HE TOJIBKO
OIIPEAEINTD TAKTUKY JICUCHUS AeTeH, NPO(UIAKTHKY Pa3BUTHS OCIONKHEHHbIX
1 TsDKENBIX (hopM 3abosieBaHuMs, HO M ONIPEACINUTH MTOKA3aHUs U MIPOTHBOIIO-
Ka3aHUs K BaKIIMHALIMKU JIeTeld, 0COOCHHO, B TpyIIax 4acTo OOJICIOIUX U C
BPOXK/IEHHBIMU (pOpPMaMU UMMYHOJE(HUIIUTOB.

Hccnedosanue svinonneno npu @urancosoli noodepicke Munucmepcmea

Hayku u gvicuie2o obpasosanus Poccuiickoti @edepayuu, npoepamma «llpuo-
pumem-2030» Ne 075-15-2021-1323

Cnucok numepamypul

1. T'yb6enxo H.C. CBs13b oKa3aTesnei 001Iero aHaau3a KPOBH C TSHKECTBIO TEUCHUS
COVID-19 y rocniutanusupoBanubix nmanueHtoB / H.C. I'ybenko, A.A. Byn-
xo, A.I". TImuctok // KOxHO-Poccniickuii sxypHal TepaneBTHIeCKOM MPaKTHKH.
2021.T.2(1). C. 90-101. https://doi.org/10.21886/2712-8156-2021-2-1-90-101

2. 3aboneanne COVID-19 y nereii u nompoctkoB. Hayunast cripaBka 29 ceHTSIOps
2021 r. https://apps.who.int/iris/bitstream/handle/10665/345575/WHO-2019-nCo V-
Sci-Brief-Children-and-adolescents-2021.1-rus.pdf (nara oopamenust: 15.03.2023)

3. KuinHuko-naboparopHas XapakTepUCTHKA TSDKEIBIX (JOPM HOBOM KOPOHABHPYC-
noii uagexiuu / XK. B. Tlonexera, A. A. I'pumaesa, JI. K. Anumosa, u p. /
Teparust. 2022. Ne3. C. 7-13. https://dx.doi.org/10.18565/therapy.2022.3.7-13



Siberian Journal of Life Sciences and Agriculture, Tom 15, Ne6, 2023 257

10.

11.

12.

13.

14.

15

CyxommmHoBa U. M. KinnauKO-71a00paTopHbIe H HHCTPYMEHTAITbHBIE IIPEANKTO-
pbl 3P PEKTUBHOCTH MMPOTHBOBOCHIAIUTEIbHOM Teparuu ipu COVID-19 /1. M.
CyxominnoBa, U. T. bakynun, M. 0. Kabanos // BectHuk CeBepo-3amaiHoro
TOCyIapCTBEHHOTO MEIUIIMHCKOTO YHUBepcuTeTa uM. .M. Meunnkosa. 2022.
T. 14, Ne 3. C. 53-60. https://doi.org/10.17816/mechnikov109536

Aberdein J.D., Cole J., Bewley M.A., Marriott H.M., Dockrell D.H. Alveolar Macro-
phages in Pulmonary Host Defence the Unrecognized Role of Apoptosis as a Mecha-
nism of Intracellular Bacterial Killing // Clin. Exp. Immunol. 2013. Vol. 174. P. 193-202.
Antibody response in children with multisystem inflammatory syndrome related
to COVID-19 (MIS-C) compared to children with uncomplicated COVID-19 /
A. Thiriard, B. Meyer, C.S. Eberhardt, et al. / Front. Immunol. 2023. Vol. 14.
P. 1107156. https://doi.org/10.3389/fimmu.2023.1107156

Blood neutrophils from children with COVID-19 exhibit both inflammatory and
anti-inflammatory markers / V. Seery, S.C. Raiden, S.C. Algieri, at al. // EBio-
Medicine. 2021. Vol. 67. P. 103357.

Children and young people remain at low risk of COVID-19 mortality / S. B.
Sunil, B. Jayshree, O. Bayanne, B. Raj. 2021. https://doi.org/10.1016/ S2352-
4642(21)00066-3

Clinical features of patients infected with 2019 novel coronavirus in Wuhan,
China / C. Huang, Y. Wang, X. Li et al. // Lancet. 2020. Vol. 395. P. 497-506.
https://doi.org/10.1016/S0140-6736 (20)30183-5

COVID-19 Disease in Under-5 Children: Current Status and Strategies for Pre-
vention including Vaccination / A. Pillai, A. Nayak, D. Tiwari, at al. / Vaccines.
2023. Vol. 11. P. 693. https://doi.org/10.3390/vaccines11030693

COVID-19 in 7780 pediatric patients: a systematic review / A. Hoang, K. Chor-
ath, M. Moreira, et al. // E. Clinical. Medicine. 2020. Vol. 24(100433). https://
doi.org/10.1016/j.eclinm.2020.100433

COVID-19 in children and the dynamics of infection in families / K.M. Pos-
fay-Barbe, N. Wagner, M. Gauthey, et al. // Pediatrics. 2020. Vol. 146 (2).
€20201576. https://doi.org/10.1542/peds.2020-1576

COVID-19 in children treated with immunosuppressive medication for kidney
diseases / M. Marlais, T. Wlodkowski, S. Al-Akash, et al. // Arch. Dis. Child.
2021. Vol. 106. P. 798-801.

COVID-19 in children. II: Pathogenesis, disease spectrum and management /
A.R. Howard-Jones, D.P. Burgner, N.W. Crawford, et al. // Journal of Paediat-
rics and Child Health. 2022. Vol. 58. P. 46-53.

. Detection of Covid-19 in Children in Early January 2020 in Wuhan, China. / W.

Liu, Q. Zhang, J. Chen, et al. / N. Engl. J. Med. 2020. Vol. 382(14). P. 1370-
1371. https://doi.org/10.1056/NEJMc2003717



258 Siberian Journal of Life Sciences and Agriculture, Vol. 15, Ne6, 2023

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Effects of Coronavirus Disease 2019 (COVID-19) on Peripheral Blood Lym-
phocytes and Their Subsets in Children: Imbalanced CD4+/CD8+ T Cell Ratio
and Disease Severity / S. Mahmoudi, B. Yaghmaei, M. Sharifzadeh Ekbatani,
et al. // Front. Pediatr. 2021. Vol. 9, 643299. P. 1-7. https://doi.org/10.3389/
fped.2021.643299

Expansion of CD56%"CD16"¢ NK Cell Subset and Increased Inhibitory KIRs
in Hospitalized COVID-19 Patients / J. L. Casado, E. Moraga, P. Vizcarra, et
al. // Viruses. 2022. Vol. 14 (1). P. 46. https://doi.org/10.3390/v14010046
Hematological parameters and peripheral blood morphologic abnormalities in
children with COVID-19 / N. Yarali, Y. M. Akcabelen, Y. Unal, A. O. Parlakay
// Authorea. 2020. https://doi.org/10.22541/au.159069193.34265275
https://covid.cdc.gov/covid-data-tracker/#pediatric-data (nara oOpamienus:
28.10.2022)

Kuklina E. M. T Lymphocytes as Targets for SARS-CoV-2 // Biokhimiya. 2022.
Vol. 87, No. 6. P. 780-793. https://doi.org/10.1134/s0006297922060086
Low-avidity CD4(+) T cell responses to SARS-CoV-2 in unexposed individ-
uals and humans with severe COVID-19 / P. Bacher, E. Rosati, D. Esser et
al. // Immunity. 2020. Vol. 53. P. 1258-1271. https://doi.org/10.1016/j.immu-
ni.2020.11.016

Lymphocyte Subsets in Mild COVID-19 Pediatric Patients / M. Argun, D. B.
Inan, H. T. Hrmet Oz, et al. // Turk. Arch. Pediatr. 2022. Vol. 57(2). P. 210-215.
https://doi.org/10.5152/TurkArchPediatr.2022.21245

Merad M. Pathological inflammation in patients with COVID-19: A key role
for monocytes and macrophages / M. Merad, J.C. Martin // Nat. Rev. Immunol.
2020. Vol. 20(6). P. 355-362. https://doi.org/10.1038/s41577-020-0331-4
Necroptosis controls NET generation and mediates complement activation, en-
dothelial damage, and autoimmune vasculitis / A. Schreiber, A. Rousselle, J.U.
Becker, et al. // Proc. Natl. Acad. Sci. USA. 2017. Vol. 114(45). E9618-E9625.
https://doi.org/10.1073/pnas.1708247114

Neutrophil diversity in health and disease / C. Silvestre-Roig, Z.G. Fridlender,
M. Glogauer, P. Scapini // Trends Immunol. 2019. Vol. 40(7). P. 565-583. https://
doi.org/10.1016/.it.2019.04.012

Neutrophil Extracellular Traps in COVID-19 /Y. Zuo, S. Yalavarthi, H. Shi, et al.
// JCI Insight. 2020. Vol. 5. e13899. https://doi.org/10.1172/jci.insight. 138999
Neutrophil lymphocyte ratio as a measure of systemic inflammation in prev-
alent chronic diseases in Asian population / F. Imtiaz, K. Shafique, S. Mirza,
et al. / International Archives of Medicine. 2012. Vol. 5(1). P. 2-8. https://doi.
org/10.1186/1755-7682-5-2




Siberian Journal of Life Sciences and Agriculture, Tom 15, Ne6, 2023 259

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38

39.

Neutrophil-to-lymphocyte ratio predicts critical illness patients with 2019 coro-
navirus disease in the early stage / J. Liu, Y. Liu, P. Xiang, et al. / Journal of
Translational Medicine. 2020. Vol. 18(1). P. 206-218. https://doi.org/10.1186/
$12967-020-02374-0

New Insights into the Immune Molecular Regulation of the Pathogenesis of
Acute Respiratory Distress Syndrome / C.-Y. Yang, C.-S. Chen, G.-T. Yiang, et
al. // Int. J. Mol. Sci. 2018. Vol. 19. P. 588. https://doi.org/10.3390/ijms 19020588
Perinatal Inflammation Influences but Does Not Arrest Rapid Immune Devel-
opment in Preterm Babies / S. Kamdar, R. Hutchinson, A. Laing, et al. // Nat.
Commun. 2020. Vol. 11. P. 1284. https://doi.org/10.1038/s41467-020-14923-8
Robaina-Castellanos G.R. Congenital and Intrapartum SARS-CoV-2 Infection
in Neonates: Hypotheses, Evidence and Perspectives / G.R. Robaina-Castel-
lanos, S. de la Caridad Riesgo-Rodriguez / MEDICC Rev. 2021. Vol. 23. P.
72-83. https://doi.org/10.37757/mr2021.v23.n1.13

SARS-CoV-2 infection in children / X. Lu, L. Zhang, H. Du, et al. / N. Engl. J.
Med. 2020. Vol. 382(17). P. 1663—1665. https://doi.org/10.1056/NEJMc2005073
Single-cell landscape of immunological responses in patients with COVID-19
/ Ji.-Y. Zhang, X.-M. Wang, X. Xing, et al. / Nature Immunology. 2020. Vol.
21.P. 1107-1118. https://doi.org/10.1038/s41590-020-0762-x

Susceptibility to SARS-CoV-2 Infection Among Children and Adolescents
Compared With Adults: A Systematic Review and Meta-Analysis / R.M. Vin-
er, O.T. Mytton, C. Bonell, et al. // JAMA Pediatr. 2021. Vol. 175. P. 143-156.
https://doi.org/10.1001/jamapediatrics.2020.4573

Systems serology detects functionally distinct coronavirus antibody features in
children and elderly / K.J. Selva, C.E. van de Sandt, M.M. Lemke et al. // Nat.
Commun. 2021. Vol. 12. P. 2037. https://doi.org/10.1038/s41467-021-22236-7
The diagnostic and predictive role of NLR, d-NLR and PLR in COVID-19 pa-
tients / A-P. Yang, J. Liu, W. Tao, H. Li // International Immunopharmacology.
2020. Vol. 84. P. 106504. https://doi.org/10.1186/1755-7682-5-2

Validation of Predictors of Disease Severity and Outcomes in COVID-19 Pa-
tients: A Descriptive and Retrospective Study / L. Tan, X. Kang, X. Ji, et al. //
Med. 2020. Vol.1 (1). P. 128-138. https://doi.org/10.1016/j.med;j.2020.05.002

. Ying L. Developmental Differences in Focal Adhesion Kinase Expression Mod-

ulate Pulmonary Endothelial Barrier Function in Response to Inflammation /L.
Ying, C.M. Alvira, D.N. Cornfield // Am. J. Physiol.-Lung Cell. Mol. Physiol.
2018. Vol. 315. L66-L77. https://doi.org/10.1152/ajplung.00363.2017

Zimmermann P. Why Is COVID-19 Less Severe in Children? A Review of the
Proposed Mechanisms Underlying the Age-Related Difference in Severity of



260 Siberian Journal of Life Sciences and Agriculture, Vol. 15, Ne6, 2023

10.

11.

SARS-CoV-2 Infections / P. Zimmermann, N. Curtis // Arch. Dis. Child. 2020.
Vol. 106. P. 429-439. https://doi.org/10.1136/archdischild-2020-320338

References
Gubenko N.S., Budko A.A., Plisyuk A.G. Yuzhno-Rossiyskiy zhurnal terapev-
ticheskoy praktiki, 2021, vol. 2(1), pp. 90-101. https://doi.org/10.21886/2712-
8156-2021-2-1-90-101
Zabolevanie COVID-19 u detey i podrostkov. Nauchnaya spravka 29 senty-
abrya 2021 [COVID-19 disease in children and adolescents. Scientific Briefing
September 29, 2021]. https://apps.who.int/iris/bitstream/handle/10665/345575/
WHO-2019-nCoV-Sci-Brief-Children-and-adolescents-2021.1-rus.pdf
Ponezheva Zh. B., Grishaeva A. A., Alimova L. K., et al. Terapiya, 2022, no. 3,
pp- 7-13. https://dx.doi.org/10.18565/therapy.2022.3.7-13
Sukhomlinova I. M., Bakulin I. G., Kabanov M. Yu. Vestnik Severo-Zapadnogo
gosudarstvennogo meditsinskogo universiteta im. 1.I. Mechnikova, 2022, vol.
14, no. 3, pp. 53-60. https://doi.org/10.17816/mechnikov109536
Aberdein J.D., Cole J., Bewley M.A., Marriott H.M., Dockrell D.H. Alveolar
Macrophages in Pulmonary Host Defence the Unrecognized Role of Apoptosis
as a Mechanism of Intracellular Bacterial Killing. Clin. Exp. Immunol., 2013,
vol. 174, pp. 193-202.
Antibody response in children with multisystem inflammatory syndrome related
to COVID-19 (MIS-C) compared to children with uncomplicated COVID-19
/ A. Thiriard, B. Meyer, C.S. Eberhardt, et al. Front. Immunol., 2023, vol. 14,
pp. 1107156. https://doi.org/10.3389/fimmu.2023.1107156
Blood neutrophils from children with COVID-19 exhibit both inflammatory and
anti-inflammatory markers / V. Seery, S.C. Raiden, S.C. Algieri, at al. EbioMed-
icine, 2021, vol. 67, pp. 103357.
Children and young people remain at low risk of COVID-19 mortality / S. B.
Sunil, B. Jayshree, O. Bayanne, B. Raj. 2021. https://doi.org/10.1016/ S2352-
4642(21)00066-3
Clinical features of patients infected with 2019 novel coronavirus in Wuhan,
China / C. Huang, Y. Wang, X. Li et al. Lancet, 2020, vol. 395, pp. 497-506.
https://doi.org/10.1016/S0140-6736 (20)30183-5
COVID-19 Disease in Under-5 Children: Current Status and Strategies for Pre-
vention including Vaccination / A. Pillai, A. Nayak, D. Tiwari, at al. Vaccines,
2023, vol. 11, p. 693. https://doi.org/10.3390/vaccines11030693
COVID-19 in 7780 pediatric patients: a systematic review / A. Hoang, K. Chor-
ath, M. Moreira, et al. E. Clinical. Medicine, 2020, vol. 24(100433). https://doi.
org/10.1016/j.eclinm.2020.100433



Siberian Journal of Life Sciences and Agriculture, Tom 15, Ne6, 2023 261

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

COVID-19 in children and the dynamics of infection in families / K.M. Pos-
fay-Barbe, N. Wagner, M. Gauthey, et al. Pediatrics, 2020, vol. 146 (2),
€20201576. https://doi.org/10.1542/peds.2020-1576

COVID-19 in children treated with immunosuppressive medication for kidney
diseases / M. Marlais, T. Wlodkowski, S. Al-Akash, et al. Arch. Dis. Child.,
2021, vol. 106, pp. 798-801.

COVID-19 in children. II: Pathogenesis, disease spectrum and management /
A.R. Howard-Jones, D.P. Burgner, N.W. Crawford, et al. Journal of Paediatrics
and Child Health, 2022, vol. 58, pp. 46-53.

Detection of Covid-19 in Children in Early January 2020 in Wuhan, China./ W.
Liu, Q. Zhang, J. Chen, et al. N. Engl. J. Med., 2020, vol. 382(14), pp. 1370-
1371. https://doi.org/10.1056/NEJMc2003717

Effects of Coronavirus Disease 2019 (COVID-19) on Peripheral Blood Lym-
phocytes and Their Subsets in Children: Imbalanced CD4+/CD8+ T Cell Ratio
and Disease Severity / S. Mahmoudi, B. Yaghmaei, M. Sharifzadeh Ekbatani,
et al. Front. Pediatr, 2021, vol. 9, 643299, pp. 1-7. https://doi.org/10.3389/
fped.2021.643299

Expansion of CD56dimCD16neg NK Cell Subset and Increased Inhibitory KIRs
in Hospitalized COVID-19 Patients / J. L. Casado, E. Moraga, P. Vizcarra, et al.
Viruses, 2022, vol. 14 (1), pp. 46. https://doi.org/10.3390/v14010046
Hematological parameters and peripheral blood morphologic abnormalities in
children with COVID-19 / N. Yarali, Y. M. Akcabelen, Y. Unal, A. O. Parlakay.
Authorea, 2020. https://doi.org/10.22541/au.159069193.34265275
https://covid.cdc.gov/covid-data-tracker/#pediatric-data

Kuklina E. M. T Lymphocytes as Targets for SARS-CoV-2. Biokhimiya, 2022,
vol. 87, no. 6, pp. 780-793. https://doi.org/10.1134/s0006297922060086
Low-avidity CD4(+) T cell responses to SARS-CoV-2 in unexposed individ-
uals and humans with severe COVID-19 / P. Bacher, E. Rosati, D. Esser et
al. Immunity, 2020, vol. 53, pp. 1258—1271. https://doi.org/10.1016/j.immu-
ni.2020.11.016

Lymphocyte Subsets in Mild COVID-19 Pediatric Patients / M. Argun, D. B.
Inan, H. T. Hormet Oz, et al. Turk. Arch. Pediatr., 2022, vol. 57(2), pp. 210-215.
https://doi.org/10.5152/TurkArchPediatr.2022.21245

Merad M. Pathological inflammation in patients with COVID-19: A key role
for monocytes and macrophages / M. Merad, J.C. Martin. Nat. Rev. Immunol.,
2020, vol. 20(6), pp. 355-362. https://doi.org/10.1038/s41577-020-0331-4
Necroptosis controls NET generation and mediates complement activation, en-
dothelial damage, and autoimmune vasculitis / A. Schreiber, A. Rousselle, J.U.



262 Siberian Journal of Life Sciences and Agriculture, Vol. 15, Ne6, 2023

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Becker, et al. Proc. Natl. Acad. Sci., 2017, vol. 114(45), pp. E9618-E9625.
https://doi.org/10.1073/pnas.1708247114

Neutrophil diversity in health and disease / C. Silvestre-Roig, Z.G. Fridlender,
M. Glogauer, P. Scapini. Trends Immunol., 2019, vol. 40(7), pp. 565-583.
https://doi.org/10.1016/.it.2019.04.012

Neutrophil Extracellular Traps in COVID-19 /Y. Zuo, S. Yalavarthi, H. Shi, et
al. JCI Insight., 2020, vol. 5, ¢13899. https://doi.org/10.1172/jci.insight.138999
Neutrophil lymphocyte ratio as a measure of systemic inflammation in prev-
alent chronic diseases in Asian population / F. Imtiaz, K. Shafique, S. Mirza,
et al. International Archives of Medicine, 2012, vol. 5(1), pp. 2-8. https://doi.
org/10.1186/1755-7682-5-2

Neutrophil-to-lymphocyte ratio predicts critical illness patients with 2019 coro-
navirus disease in the early stage / J. Liu, Y. Liu, P. Xiang, et al. Journal of
Translational Medicine, 2020, vol. 18(1), pp. 206-218. https://doi.org/10.1186/
$12967-020-02374-0

New Insights into the Immune Molecular Regulation of the Pathogenesis of
Acute Respiratory Distress Syndrome / C.-Y. Yang, C.-S. Chen, G.-T. Yiang, et
al. Int. J. Mol. Sci., 2018, vol. 19, pp. 588. https://doi.org/10.3390/ijms 19020588
Perinatal Inflammation Influences but Does Not Arrest Rapid Immune Devel-
opment in Preterm Babies / S. Kamdar, R. Hutchinson, A. Laing, et al. Nat.
Commun., 2020, vol. 11, pp. 1284. https://doi.org/10.1038/s41467-020-14923-8
Robaina-Castellanos G.R. Congenital and Intrapartum SARS-CoV-2 Infection
in Neonates: Hypotheses, Evidence and Perspectives / G.R. Robaina-Castel-
lanos, S. de la Caridad Riesgo-Rodriguez. MEDICC Rev., 2021, vol. 23, pp.
72-83. https://doi.org/10.37757/mr2021.v23.n1.13

SARS-CoV-2 infection in children / X. Lu, L. Zhang, H. Du, et al. N. Engl.
J. Med., 2020, vol. 382(17), pp. 1663—1665. https://doi.org/10.1056/NE-
IMc2005073

Single-cell landscape of immunological responses in patients with COVID-19
/ Ji.-Y. Zhang, X.-M. Wang, X. Xing, et al. Nature Immunology, 2020, vol. 21,
pp. 1107-1118. https://doi.org/10.1038/s41590-020-0762-x

Susceptibility to SARS-CoV-2 Infection Among Children and Adolescents
Compared With Adults: A Systematic Review and Meta-Analysis / R.M. Vin-
er, O.T. Mytton, C. Bonell, et al. JAMA Pediatr., 2021, vol. 175, pp. 143—156.
https://doi.org/10.1001/jamapediatrics.2020.4573

Systems serology detects functionally distinct coronavirus antibody features in
children and elderly / K.J. Selva, C.E. van de Sandt, M.M. Lemke et al. Nat.
Commun., 2021, vol. 12, pp. 2037. https://doi.org/10.1038/s41467-021-22236-7



Siberian Journal of Life Sciences and Agriculture, Tom 15, Ne6, 2023 263

36. The diagnostic and predictive role of NLR, d-NLR and PLR in COVID-19 pa-
tients / A-P. Yang, J. Liu, W. Tao, H. Li. International Immunopharmacology,
2020, vol. 84, pp. 106504. https://doi.org/10.1186/1755-7682-5-2

37. Validation of Predictors of Disease Severity and Outcomes in COVID-19 Pa-
tients: A Descriptive and Retrospective Study / L. Tan, X. Kang, X. Ji, et al.
Med., 2020, vol.1 (1), pp. 128—138. https://doi.org/10.1016/j.med;j.2020.05.002

38. Ying L. Developmental Differences in Focal Adhesion Kinase Expression Mod-
ulate Pulmonary Endothelial Barrier Function in Response to Inflammation / L.
Ying, C.M. Alvira, D.N. Cornfield. Am. J. Physiol.-Lung Cell. Mol. Physiol.,
2018, vol. 315, pp. L66—L77. https://doi.org/10.1152/ajplung.00363.2017

39. Zimmermann P. Why Is COVID-19 Less Severe in Children? A Review of the
Proposed Mechanisms Underlying the Age-Related Difference in Severity of
SARS-CoV-2 Infections / P. Zimmermann, N. Curtis. Arch. Dis. Child., 2020,
vol. 106, pp. 429-439. https://doi.org/10.1136/archdischild-2020-320338

BKJIAJI ABTOPOB

AreeBa E.C.: o01miee pyKoBOJCTBO HaIlpaBIEHUEM HCCIIEIOBAHUS, HHTEPIIPe-
TaIMs Pe3yJIbTaToOB, OATOTOBKA TEKCTA CTAThU.

Primapenko H.B.: pa3paboTka koHIENIMM HayqyHOI paObOThI, HANIMCAHKUE CTa-
TBH, PelaKTHPOBAHUE.

Hsamopa E.H.: cOop u 00paboTka KIMHUYECKOTO MaTepHalia, HHTePIPETaIIHs
Pe3yabTaToB, ITOrOTOBKA TEKCTA CTAaThH.

I'yproBast A.K.: cOop 1 006paboTka KIMHMYECKOTO MaTrepHaa, poBeieHHe
HCCIIEI0BaHH.

Cadponrok C.JI: c6op m 00paboTKa KIMHUIECKOTO MaTepHraa, IPOBEICHHE
HCCIIEIOBaHUH.

AobnaeBa P.H.: cOop u 00paboTKa KIMHHYCCKOTO MaTepuaia, 0T00p U aHaIu3
JTUTEPaTyPHBIX JTaHHBIX.

Yeosa C.B.: coop 1 00padoTka KIMHUYECKOTO Marepuaa, aHaJln3 JUTeparyp-
HBIX JIaHHBIX peJaKTUPOBaHHE.

AUTHOR CONTRIBUTIONS

Elizaveta S. Ageeva: general management of the research direction, interpre-
tation of the results, preparation of the text of the article.

Natalya V. Rymarenko: development of the concept of scientific work, selec-
tion and analysis of literature data, writing an article, editing.

Elena N. Dyadyura: collection and processing of clinical material, interpreta-
tion of the results, preparation of the text of the article.



264 Siberian Journal of Life Sciences and Agriculture, Vol. 15, Ne6, 2023

Anna K. Gurtovaya: collection and processing of clinical material, laborato-
ry studies.

Sergey L. Safronyuk: collection and processing of clinical material, labora-
tory studies.

Remzie N. Ablaeva: collection and processing of clinical material, analysis
of literature data.

Svetlana V. Usova: collection and processing of clinical material, analysis of
literature data, editing.

JAHHBIE Ob ABTOPAX

AreeBa Enn3zaBera CepreeBHa, TOKTOp MEANIIMHCKUX HAYyK, TOLIEHT, 3aBE/Ty-
o kadeapolt OMOIOTHH MEIUITMHCKOW, HHCTUTYT «MeauInHCKas
axagemus mmenu C.J. 'eoprueBckoro»
Dedepanvroe 2ocydapcmeentoe asmoHOMHOe 00pa3068amenbHoe yy-
pedicoenue svicuteco obpasosanus «Kpvivckuil gpedepanvruiii ynusep-
cumem umeHnu B.U. Beprnaockoeox
oyaweap Jlenuna, 5/2, 2. Cumepeponons, Pecnyoruxa Kpvim, 295051,
Poccuiickas @edepayus
ageevaeliz@rambler.ru

Poimapenko Hatanbsi BUkTOpOBHA, TOKTOpP METUIIMHCKUX HayK, Podeccop,
npodeccop kadeapsl NeJUaTPUU ¢ KypcOM JETCKUX HH(PEKIIMOHHBIX
6onesHel, MHCTUTYT «MeauuuHckas akagemus umenn C.U. I'eopru-
€BCKOTO»

Dedepanvroe 20cydapcmeeHHoe asmMOHOMHOE 00paA3068amenbHoe yy-
pedicoerue svicuteco 0opasosanusi « Kpvivckuil pedepanvrolil yHusep-
cumem umenu B.U. Beprnaockozoy

oynveap Jlenuna, 5/2, 2. Cumgpeponons, Pecnyoruxa Kpvim, 295051,
Poccuiickas @edepayus

rymarenko.nv@mail.ru

Jsanopa Enena HuxosaeBHa, Bpau HHGEKIIMOHUCT | KaTteropuu
I'BY3 PK «Pecnybauxanckas 0emckas uH@EeKyuoHHas KIUHUYEeCKdas
bonbHUYAY
2. Cumepeponons, Pecnyonuxa Kpvim, 295051, Poccutickas @edepayus
lenamironenko03(@gmail.com

I'yproBasi Anuna KoHcTaHTHHOBHA, ACCHCTEHT KadeIphl OMOIOTHH MEIHUITINH-
CKOH, HHCTHTYT «Menuiackas akagemust mveHu C.M. ['eoprieBckoro»



Siberian Journal of Life Sciences and Agriculture, Tom 15, Ne6, 2023 265

Dedepanvroe 2ocydapcmeentoe agmoHoOMHOe 00pA308amenbHoe Yy-
pedicoenue svicute2o obpasosanus «Kpvimckuil gpedepanvruiii ynusep-
cumem umenu B.U. Bepraockoeoy

oynveap Jlenuna, 5/2, e. Cumgpeponons, Pecnyoruxa Kpvim, 295051,
Poccutickas @edepayus

gurtovayanna@mail.ru

Ca¢pontok Cepreii JleoHnmoBu4, crapumii mpenogasareis Kadeapbl Meau-
LUHCKO# 1 (hapMaleBTHUECKON XUMHN HHCTUTYTa OHOXMMHUYECKHUX TEX-
HOJIOTHI, SKOJIOTHH U (hapMaIruu
Dedepanvroe 20cy0apcmeeHHoe admMOHOMHOE 00pa3068amenbHoe Y-
pedicoenue svicuieco obpazosanus « Kpvimckuil ghedepanvubiii ynueep-
cumem umenu B.U. Bepraockoeoy
oynveap Jlenuna, 5/2, e. Cumgpeponons, Pecnyonuxa Kpvim, 295051,
Poccuiickas @edepayus
safronuksergey@gmail.com

AodnaeBa Pem3une HapumanoBHa, accucteHT Kadepbl OMOJIOTUY METUIINH-
CKOH, MHCTHTYT «MenumHackas akagemust mmeHu C.1. ['eoprueBckoro»
Dedepanvroe 20cy0apcmeeHHoe A8MOHOMHOE 00pPA3068ameNbHOe VY-
pedicoerue svicuteeo 0bpasosanusi « Kpvivckuil pedepanvrolil yHusep-
cumem umenu B.1. Bepnadckoeoy
oyaveap Jlenuna, 5/2, e. Cumepeponons, Pecnyoruxa Kpvim, 295051,
Poccuiickas ablaeva.remzie@mail.ru

YcoBa Ceetiiana BayecsiaBoBHA, Bpau-NHPEKIINOHUCT
I'BY3 PK «Pecnybnuxanckas 0emckas uH@EKYuoHHas KIUHUYEeCKAs
bonbHUYa»
2. Cumepepononw, Pecnyonuxa Kpoim, 295051, Poccutickas @edepayus
Svetal963.63@mail.ru

DATA ABOUT THE AUTHORS
Elizaveta S. Ageeva, MD, Head of the Department of Medical Biology Medical
Academy named after S.I. Georgievsky
V.1 Vernadsky Crimean Federal University
5/2, Lenin Str., Simpheropol, 295051, Russian Federation
ageevaeliz@rambler.ru



266 Siberian Journal of Life Sciences and Agriculture, Vol. 15, Ne6, 2023

Natalya V. Rymarenko, MD, PhD, Professor of Department of Pediatrics with
a Course in Children’s Infectious Diseases, Medical Academy named af-
ter S.I. Georgievsky
VI Vernadsky Crimean Federal University
5/2, Lenin Str., Simpheropol, 295051, Russian Federation
rymarenko.nv@mail.ru

Elena N. Dyadyura, Infectious Diseases Doctor
Republican Children’s Infectious Clinical Hospital
Simferopol, Republic of Crimea, 295051, Russian Federation
lenamironenko03@gmail.com

Anna K. Gurtovaya, Assistant of the Department of Medical Biology, Medical
Academy named after S.I. Georgievsky
VI Vernadsky Crimean Federal University
5/2, Lenin Str., Simpheropol, 295051, Russian Federation
gurtovayanna@mail.ru
SPIN-code: 9345-4107
ORCID: hitps.//orcid.org/0000-0001-8633-1166
ResearcherID: AAE-7888-2022
Scopus Author ID: 57482445000

Sergey L. Safronyuk, Senior Lecturer, Department of Medical and Pharmaceutical
Chemistry, Institute of Biochemical Technologies, Ecology and Pharmacy
VI Vernadsky Crimean Federal University
5/2, Lenin Str., Simpheropol, 295051, Russian Federation
safronuksergey@gmail.com

Remzie N. Ablaeva, Assistant of the Department of Medical Biology, Institute
“Medical Academy named after S.I. Georgievsky
VI Vernadsky Crimean Federal University
5/2, Lenin Str., Simpheropol, 295051, Russian Federation
ablaeva.remzie@mail.ru

Svetlana V. Usova, Infectious Disease Specialist
Republican Children’s Infectious Clinical Hospital
Simferopol, Republic of Crimea, 295051, Russian Federation
Svetal963.63@mail.ru

[Moctymmna 09.03.2023 Received 09.03.2023
ITocne peuensuposanus 10.04.2023 Revised 10.04.2023
[Mpunsra 25.04.2023 Accepted 25.04.2023



