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Hopozue konneau!

Medukoe eceecda 0b6beOUHSIO cmpeMiieHUe MoMoYyb 6oSIbHOMY Yernoeeky, npoghec-
CUOHanu3M u npedaHHocmb ceoeMy Oefly. dmu Kadecmesa, rnpucyujue epaqyesaHuro, Mbl
cmapaemMcs ymeepxx0amb Ha cmpaHuyax xypHana «30pasooxpaHeHue». Hawa yenb —
crimomumse gpadyell padu Crly>XeHUs1 2yMaHHbIM fpuHyunamMm mMeduyuHbl, nevyamHbiM CI10-
80M 11OMO2amb COXPaHeHUK UeHHeliwea20o brnaza Hayuu — 300posbsi nodell. Mbi pabo-
maem 0551 8ac, muwiamenbHO nodbupas Hauboree 3Ha4uMble Mamepuaribl, Cmapasichb
oxeamumb CyUWeCmeeHHbIe acrekmbl CO8peMeHHbIX Mpobrnem MeduyuHsbl.

B 2022 200y 6onbwe sceco cmamedti nocmynumno u3 bI'MY — 26,0%; PHIL — 18,7%;
GenMATINO — 16,5%; Y3 — 17,3%, pedakyuu xypHana «3dpasooxpaHeHue» — 5,1%,
TprMy — 5,0%; MuHucmepcmea 30pasooxpaHeHusi — 3,6%; oMY — 2,9%; u3-3a
pybexa — 2,2%; HAH Benapycu — 1,4%; BIFMY — 1,4%. K coxaneHuro, Mano nonemu-
Yyeckux cmamel U peueH3ull Ha MoHozpadhuu, y4ebHUKU U pykogodcmea, Xoms Kpumu-
Ka sierissemcsi He MeHee UeHHoU, YeM camo coyuHeHue. B pedakyuu cocmosinuck OucKyc-
cuu 3a kpyanbiMm cmosnom: «KnemoyHblie mexHonoeuu nevyeHusi 8 benapycu», «llpasa
nayueHma npu Kpumu4ecKux COCMOSIHUSIX, OmKa3 om peaHumauyuu: MexoyHapoOHasi
npakmuka, rnepcriekmusbi npumeHeHuss 8 Pecnybnuke benapycb» (8udeo3anucu Ha
calime xypHana www.zdrav.by). COVID-19 nomewan ocywecmeums ece 3adymMaHHoe,
HO MbI MOJIHbI meopquKux rnnaHo8 u emecme ¢ 8amu obsi3amesibHO pearniudyem ux 6 criedyrouwem 200y.

Uccnedosamernbckasi Mbicrib ¢ yousumesbHoU 6bicmpomol npoHukaem 8 2rybuHHbIe MPOUECChl XU3HeOessmeibHO-
cmu, 00HaKo UCMUHHOE 3HaHUe ymOHYsI0 8 OKeaHe UHghopmayuu. HayqHyro numepamypy 3axiecmHyrno Mefrkomemse,
cpedu GocmolHbix nybnukayull ecmpevyaemcsi HernpodyMaHHbIU «Cbipol» Mamepuas C HepsWnuebiM cmunemM U Heydad-
HOU mepmuHornoauel. YposeHb UHOpMayUOHHOU 0c8e00MIEHHOCMU Ype38blyaliHoO 8bICOK, OOHAKO UHopMauus He
nepepabamsigaemcs, a uWb ommedaemcsi chakm ee cyujecmsosaHusi. Co3daemcsi grneyamiieHUe, Ymo Mbl rnepecma-
U 251y60KO MbICIIUMb, CKOMIb3UM 10 108EPXHOCMU, SI3bIK cmall MpuMumueHee, a 3mo ceudemesib,cmeo Mmoao, Ymo
MblwieHUe yrnpowaemcs. Yeenu4uncs paspbie Mexoy 6e30HOU Hay4YHbIX OaHHbIX U omcymcmeuemM MpUHyUnuaibHo
HO8bIX meopul u KoHyenyul. Mexdy mem nuwb KpynHomacwmabHbie meopemuyeckue obobweHuss mo2ym obecre-
Yumb peweHue arnobasibHbix npobrem meduyuHbl. He crnyyaliHo ebidaroujuticsi namosioe Y. B. [Jasbidosckull nodyepku-
gan: «CoepemeHHass MeduyuHa ywrna noymu UeslukoM 8 aHasu3, cuHme3 omcmaem, omcmarom obobwaruwue npeod-
cmaereHusi, Ha KOmopbIX MOJMIbKO U MOXHO riocmpoums 6orniee unu meHee cmpoliHoe ydeHue o 6onesHsix». K coxane-
HUI0, MPU3bI8 U3BECMHOZ0 YHeHO020 He ycrbiwaH. [Tpakmuka 8enukux omkpbimull noomeepxoaem UCMUHY, CO2/1aCHO
Komopol o0HolU MuHyme cuHmesa mpebyemcsi okeaH ¢hakmoeg u uesnbill eek aHanuida. Bom amol MuHymsbi, Heobxoou-
Mol Ornisi cuHme3sa, U He xeamaem.

B cnedyrowem 200y cmpameausi XypHana He UsMeHumcsi — npedcmasnisimbs UHMenneKkmyarsnbHy cOCmasisitoulyo
omeyecmeeHHOU MeOuyUHbI, omcmaueams HpascmeeHHble MPUHYUbl epadebHol npogheccuu. Mbl npudepxusaemcs
2/1agHo20 npuHyuna — ybedums yumamerssi 3adymMambCsl O CITIOXKHOM pouecce gpavyesaHusi, HaCKONIbKO MeOUyUHCKast
npakmuka coomeemcmeyem UHHO8aUUOHHbIM nodxodam, doHecmu Heobxo0uMocmb peaynsipHOZ0 MOyYeHUs HO8bIX
3HaHul. XXypHan omkpbim 0fsi a8mopos, Komopble npednoyumarom OCMbICIIeHUE U UHMepnpemayuro pesybmamos
Hay4yHbIX uccredosaHull onucaHuw omoesibHbIX (hakmos, CmpeMsimcsi OUeHUMb MPaKMUYeCKyr rosib3y O0m 8HeOPEeHUsI
uHHosauyul. Mpuseemcmsyem nybnukayuu nekyul, 0630pos numepamypsbl, NpobrneMHbix cmamel U Kpumu4yeckux ma-
mepuarnos, noowpsieM Hay4Hyr MoneMuKy.

Mbi npodomkum pabomamb Had KayecmeoMm codepkaHusi XypHana u coeriaeM 8ce 803MOXHOe, 4mobbl paboma
Hawux aemopo8 He ocmarnack He3amedeHHoU. Kak u npexde e pedakyuu 6ydem 38yyamb XKUB0E C/I080 — COCMOSIMCS
OucKyccuu ¢ ydacmueM u38ecmHbIX gpadell, y4YeHbIX, ropucmos, akcriepmos MuHsdpasa u BO3, nocesiuieHHble akmyarb-
HbIM npobriemam mMeduyuHbl. Hadeemcs, obcyxdeHue 3510600HEBHbLIX 80IMPOCO8 MOMOXKEm 80CCMAaHOBIEHUD MeXOUcC-
yunnuHapHbIx cessell, ocrabneHHbIX y3kol crneyuanusayued.

Basepwaemcs 2022 200, yHocsi neyanu u padocmu, rnopaxeHusi u nobedsl. bonbwoe crnacubo compyOHukam pedak-
yuu u 4neHam pedkornneeuu 3a nio0omeopHyo pabomy. VICKpeHHSs1 npusHamesbHOCMb peyeH3eHmam 3a MpuHuyUnu-
anbHoCcmb U bepexHoe omHoweHue K asmopam. Crioga brazo0apHocmu HawuM agmopam U YumamesisiM, 8CeM, Kmo
compyOHU4Yaem ¢ XypHasiom 3a dosepue u nodoepxky. Xenaem eam, dopoaue Opy3bsi, 8 2023 200y brazonpusimHbIX
rnepemeH, npogheccUoHasbHbIX yCrexos, UHMEepPeCcHbIX 8CMpPeY U eflasHoe — Halimu C80K MyCmblHI0, 20e MOXHO yeou-
HUMbLCS, NOOHSIMbCS Had 06bIOEHHOCMbK, MOKasiMmbCs, 3adamb 80MpPOChLl, KMO Mbl, YmMo Oenaewb, myda U udeuws,
Habpambcsi OyX08HbIX cusl u obpecmu cebsi.

Ceemuiozo npa3dHuka Poxdecmea Xpucmoea u c4acmnueoz2o Hoeozo 2oda!

M 10. K. A6aes

C ysaxeHuem,
npogheccop
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"W. N. QOPOLWIKEBMWY, %T. B. MOXOPT, 'M. H. KYPBAT, *0. H. MAPTUHKEBWY, E. M. NYKbAHYYK, *M. B. EPLLOBA

CAXAPHbIX OUABET 2-rO TUMA U METABONUYECKASA ACCOLIMMPOBAHHAA
XXNPOBAA BONE3Hb NMNEYEHW Y NALUMEHTOB C COVID-19

'TPOLHEHCKMIA rocyiapCTBEHHbI MEAWLUHCKIUI YHUBEpPCUTET, FpoaHo, Benapyce,
2Benopycckuii rocyaapCTBEHHbIN MeanLMHCKUIA yHUBEpCUTET, MuHck, benapyce,
SCpoHeHCcKas yHuBepcuTeTckas knuHuka, pogHo, benapych

Uenb uccnedoeaHus. Boissumb ocobeHHocmu meyveHusi uHgekyuu COVID-19 y nayueHmos ¢ caxapHbiM Ouabe-
mowm (C) 2-eo muna e 3agucumMocmu om M/I0MHOCMU MEYEHOYHOU MKaHU Mo OaHHbIM KOMIMbomepHoU momoepaguu
(KT).

Mamepuan u memoOdbI. B uccnedosaHue skmodeHbl 45 nayueHmos ¢ CL 2-20 muna ¢ eepughuyupoeaHHbiM dua2Ho-
3om COVID-19. B 1-t0 epynny sowrnu nayueHmsi ¢ HbA1c <7,5 % u oxupeHuem 1-Ui cmeneHu, 8o 2-t0 epynny — ¢ HbATc
>7,5 % u oxupeHuem Il cmeneHu. Y ecex nayueHmos ouyeHusanu crnedyoujue nabopamopHsie mapkepsl: HbA1c, noka-
3amenu nunudozpaMmsl, arnaHuHaMuHompaHcgepasbl, acrnapmamamuHompaHcgepasbl, 2aMma-2armamuimpaHcriert-
mudasbl, C-peakmusHbil 6enok (CPbB), uHmepnelkuH 6 (UJ1-6), chbeppumuH, cbiBOPOMOYHOE Xerne3o, rnokazamesnu o6-
wjeeo aHanu3a Kpoeu, cmereHb MopaxeHusi ie2o4Hol mkaHu. OueHka deHcumomempuyeckol MIomMHoOCMuU mkKaHu
neyeHu rposedeHa c ucrionb3osaHuem KT.

Pe3ynbmamei. B 1-0 epynne HbA1c cocmasun 7,0 [6,9; 7,3] %, eo 2-i epynne — 8,1 [7,9; 9,5] % (p=0,002). Y scex
nayueHmos gepuchuyuposaHa MHE8MOHUSI msixesnol hopMbl, CO CHUXeHUeM camypauyuu Huxe 95 %. B epynnax cpasHe-
Husi eblsigrieHa numeponieHusi, bonee ebipaxeHHasi 8o 2-U epynne (11,0 [10,0; 17,0] % npomus 9,0 [8,0; 11,0] % e 1-U;
p=0,039). Bo 2-ii epynne ommeyveHo rnosbiweHue CPB Ha 31,8 me/n (67,2 [41,0; 71,0] me/n npomus 35,4 [27,0; 43,0] me/n;
p=0,016); UJ1-6 Ha 16,4 ne/mn (51,8 [42,0; 59,0] ne/mn npomue 35,4 [14,5; 53,0] na/mn; p=0,016); peppumuHa Ha 360 He/mm
(710,0 [644,0; 849,0] Ha/mn npomus 350,0 [321,0; 456,0] He/mn; p=0,001). [JeHcumomempu4eckasi peHmMaeHOoMn10mHOCMb
nedyeHu 8o 2-U epynne accoyuuposaHa ¢ WNJ1-6 (r=-0,761), CPb (r=-0,652), cpeppumuHom (r=-0,745), HbA1c (r=-0,823),
SpO, (r=-0,823), MT (r=0,981).

3aknroveHue. [ns nauyueHmos ¢ dekomneHcuposaHHbiM CL 2-eo muna, oxupeHuem Il cmeneHu, memabonudeckol
accouuuposaHHoll xuposoll bonesHbto nedyeHu u COVID-19 xapakmepHbl 6onee ebicokue rnokasamenu HbA1c, UJI-6,
CPbB, mpaHcgeppuHa, CHUXEHUe CbIBOPOMOYHO20 Xefe3a, NUM@ONeHUs U aHeMusi fieekol cmeneHu msxecmu,
a makxe 6onee dnumernbHasi MOmMpPebHOCMb 8 UHCYNAuUU yenaxHEeHHbIM KUCIopodoM U 6orbwull MpouyeHm noepex-
OeHus neeo4yHol mkaHu rno O0aHHbiM KT.

Knroueeblie cnoea: caxapHbill Quabem 2-20 muna, Memabornu4yeckasi accoyuuposaHHasi xupoeasi 60/1e3Hb rneyvexu,
geppumuH, cbieopomoyHoe xene3o, COVID-19.

Objective. To reveal the features of the course of COVID-19 infection in patients with DM type 2 depending on the
density of the liver tissue according to computed tomography (CT).

Materials and methods. The study included 45 patients with DM type 2 and COVID-19. Group 1 included patients with
HbAc1 <7.5 % with first-degree obesity, and group 2 with HbA1c >7.5 % and second-degree obesity. All patients underwent
assessment of laboratory markers: HbA1c, lipid profile, alanine aminotransferase, aspartate aminotransferase, gamma-
glutamyl transpeptidase, C-reactive protein (CRP), interleukin 6 (IL-6), ferritin, serum iron, parameters of complete blood
count, the degree of damage to the lung tissue and the assessment of the densitometric density of the liver tissue were
carried out by computed tomography.

Results. In group 1 HbA1c was 7.0 [6.9; 7.3] %, in group 2 it was 8.1 [7.9; 9.5] % (p=0.002). In all the patients severe
pneumonia with a decrease in saturation below 95 % was verified. In the comparison groups lymphopenia was detected,
more marked in group 2 (11.0 [10.0; 17.0] % vs 9.0 [8.0; 11.0] % in group 1; p=0.039). Group 2 showed an increase in: CRP
by 31.8 mg/l (67.2 [41.0; 71.0] mg/l vs 35.4 [27.0; 43.0] mg/l; p=0.016); IL-6 by 16.4 pg/ml (51.8 [42.0; 59.0] pg/ml vs 35.4
[14.5; 53.0] pg/ml; p=0.016); ferritin by 360 ng/ml (710.0 [644.0; 849.0] ng/ml vs 350.0 [321.0; 456.0] ng/mL; p=0.001).
Densitometric radiographic density of the liver in group 2 is associated with IL-6 (r=-0.761), CRP (r=-0.652), ferritin (r=-
0.745), HbA1c (r=-0.823), SpO, value (r=-0.823), BMI (r=0.981).

Conclusion. Patients with decompensated DM type 2, second-degree obesity, MAFLD and COVID-19 are
characterized by higher rates of HbA1c, IL-6, CRP, transferrin, a decrease in serum iron, lymphopenia and mild
anemia, as well as a longer need for humidified oxygen insufflation and greater percentage of lung tissue damage
according to CT data.

Key words: diabetes mellitus type 2, metabolic associated fatty liver disease, ferritin, serum iron, COVID-19.
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DIABETES MELLITUS TYPE 2 AND METABOLIC ASSOCIATED FATTY LIVER DISEASE IN COVID-19 PATIENTS
I. P. Darashkevich, T. V. Mokhort, M. N. Kurbat, O. N. Martinkevich, E. M. Lukyanchuk, M. V. Ershova

Cessb mexagy COVID-19 n caxapHbiM gnabe-
Tom (C[1) 2-ro TMna cnoxHas v AByHanpasrieHHas.
C ogHom cTopoHbl, CL1 2-ro Tna — dakTop pucka
Tshkenoro TedyeHms COVID-19, koTopomy 4acTo co-
MyTCTBYIOT MOXMWIOW BO3PAacT, Hanuume XpoHuye-
Ckmx ocrioxxHeHur CLI, conyTcTByroLas NnaTonorns
(3aboneBaHnsa cepaevyHO-COCYANUCTON CUCTEMBI,
OXUpEHME, XpoHM4eckas 6oresHb NoYek), COCToN-
Hue runepkoarynsuun [1—3]. C apyron CTOPOHHLI,
TsKenas MHAEKUUS 1 ee fiedeHmne rioKOKOPTUKO-
cTepovaamMu MOryT OKasbiBaTb cneumguyeckoe
HeraTuBHoe BnusiHne Ha Tevenue C[, npuBoas
K YXyOLUEHWIO KOMMEeHcaunn, NoBbILLEHUIO pe3unc-
TEHTHOCTM K MHCYNMHY N CHUKEHUIO CEKPETOPHOMN
PyHKUNU B-kneTok. Puck Ttaxenoro TevyeHus
COVID-19 y naumeHToB ¢ C[] 2-ro Tuna obycnos-
neH umMerwmmcsa cnaboBblpaXKeHHbIM XpOHUYecC-
KMM BOCManeHnem 1 NoBbILWEHHbIMU 3HAYEHUSIMU
npoBOCNanUTENbHbIX UMTOKMHOB, YBENUYEHHbIM
KONMMYEeCTBOM Makpodaros, MOHOLMTOB, CHUXEH-
HOWN perynaTopHon yHKUMen T-KneToK, YTo cro-
cobCTBYET NpoOrpeccnpoBaHnio BocnaneHust Ha
doHe nHdekuymm COVID-19 [4—9].

MaumeHTbl ¢ CL, 2-ro TMna, Kak npaBuso, Mme-
0T M3BbITOYHYIO Maccy Tena unum OXupeHue (8o
90 % cny4aes) [10], kOTOpoe Takke SBNAETCH ca-
MOCTOATENbHbIM (DAKTOPOM pUCKa TSHKENOro Te-
YyeHns 1 nnoxoro nporHosa COVID-19. Hanuune
BMCLIEPASTbHOIO OXXMPEHWUS, YBENTUYEHUE OKPYXKHO-
CTUW Tanum CBSA3aHbl CO CHUXKEHWEM NOAATAMBOCTH
nerknx n/vunn rpyaHoN KNeTku, YTo NoTeHLManbHo
yCyryonser TedyeHne UHMEKLMM, BbI3BAHHON pec-
nupatopHbiM Bupycom SARS-CoV-2 [11].
O6unbHas akcnpeccusi peLenTopoB aHMMOTEH3NH-
npespawyatoLlero pepmeHta 2 (Ard2) Ha aguno-
uuTax npuBOAMUT K YBEITMYEHUIO TOYEK NpuKpen-
nexnst SARS-CoV-2 [12]. YBenuyeHne konmyecTea
XMPOBOWN TKaHW acCOUMMPOBAHO C XPOHUYECKUM
COCTOSIHMEM BSANOTEKYLLIEro BocrnaneHusl, Kotopoe
Takke HapywaeT YHKUUIO MMMYHHON CUCTEMBI
N CBSA3AHO CO CHWXEHHOW (pyHKumen T- n B-nnum-
dounToB, KOTOpbIE SABMAKOTCA OCHOBHbIMU KreT-
KamMn aganTUMBHOMO MMMYyHUTETa, Heob6XoAMMOoro
ans 6opbObbl C BUPYCHBIMW NaToOreHamu, U MoryT
caenatb yernoBeka bornee ya3BMMbIM ANa UHGEK-
uum COVID-19 [12—15].

MMnepuHCYNUHEMUS, PE3NCTEHTHOCTb K UHCY-
NVHY, @ TakkKe NOBbILLIEHHbIN YPOBEHb LIMPKYNNPYHO-

LLero fenTuHa Npy OXXMPEHUN MOTYT CHUXaTb Ypo-
BeHb okcuaa asota (NO), obnagatowlero Hapsay
C BasogunaTtupyoLwmm addeKkToMm NpoTMBOBOCHa-
nUTEenbHbIM AENCTBUEM, YTO MOXET caenaTb 3H-
potenun 6onee BOCNPUUMYMBBIM K BTOPXKEHUIO
SARS-CoV-2 [16—18].

OxunpeHune n CL1 2-ro Tvna coueTarTcs He Torb-
KO Mexay cobown, HO u ¢ MeTabonMyeckon acco-
LMNPOBAHHOM XWUPOBOWN 6GONME3HbI MEeYeHMu
(MAXKBIT), paHee Ha3blBaBLUENCSA HEArNKOronbHOM
Xuposow 6onesHbto nederHn [19—21]. B nutepa-
Type npeacTtaBrieHbl 4OCTAaTOYHO MPOTMBOPEYU-
Bble gaHHble 0 BnuaHum MAXKBIT Ha TeyeHue
n nporHo3 COVID-19. beccnopHo, neyeHb urpaet
LeHTparnbHyt0 porb B CUHTE3e anbbymunHa, ocTpo-
(ba3oBbix 6eNKOB, MHTEPNENKNHOB, hakTOPOB CBEP-
TbIBaHWUSA, NO3TOMY AUCHYHKLMA NEYEHU MOXKET
BMUATb HA MyTbTUCUMCTEMHbIE NposiBneHns COVID-19.
[okazaHo, 4YTO yBenumyeHne aKCrpeccumn peLento-
poB Al®d2 Ha xonaHrmouuTax n renatoumnTax otme-
YaeTcsa NpU XPOHUYECKOM MOPaKeHUU MeyveHu
n MAXBI1 1 paccmaTpuBaeTcs Kak noteHumarnb-
HbIi chakTop nepcucteHuun COVID-19 [1].

MpuHMMas BO BHMMaHMe U3NoXeHHoe, onpege-
NEHHbIN MHTEPEC BbI3bIBAET OLlEHKA TEYEHUS WH-
dekunn COVID-19 y nauuenToB ¢ C[ 2-ro Tuna
n MAXBIT.

Llenb nccnegoBaHnsa — BbISABUTb 0COBGEHHOC-
T TeyeHus uHdekumn COVID-19 y naumeHToB
¢ C 2-ro TMna B 3aBUCUMOCTW OT NIIOTHOCTK Mne-
YEHOYHOW TKaHM MO AaHHbIM KOMMbIOTEPHOW TO-
morpadum (KT).

Matepuan nm metToahbl

B nccnepoBaHue BkMNtoYeHbl 45 nauueHToB
¢ C[ 2-ro Tuna B Bo3pacTte 48—58 net ¢ Bepudu-
LUMpoBaHHbIM anarHo3doMm COVID-19, nogreepx-
OEHHbIM C MOMOLLLIO MONMMEpPasHoOn LiernHom pe-
akuumn, ocHoBaHHoW Ha BbisBneHun PHK SARS-
CoV-2, rocnutanmanpoBaHHbIx B Y3 «[pogHeHckas
yHUBepcuTeTckasa KnuHuka» B 2021—2022 rr. no
NPUYMHE CHWKEHUS HACbILEHNSA KPOBM KMUCIOPO-
AoM (SpO,) Huxe 95 %. Ouexky SpO, nposoann
B OMHaMWKe C pacyeTOM CpefHero 3HayeHus
C ncnonb3oBaHuem nynoscokcumetpa (BeurerPO 30,
lepmaHust), cTeneHb NOpaXKeHWsi NIEFOYHON TKaHM
N OLEHKY OEHCUTOMETPUYECKON MIAOTHOCTU TKaHW
ne4yeHn — c mucnonb3osaHmem KT, npoBegeHHOM
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Ha annapate «LightSpeed Pro32» (General
Electric). Takxe oueHuBann cKkoOpocCTb MOTOKa
yBInaXXHEeHHOoro kucrnopoaa (N/MuH) npu nHcypdns-
UMM yBNaXXHEHHbIM KMCITIOPOAOM 32 BPEMS FOCNn-
Tanusaumn (LeHTpanu3oBaHHasi CTaHUuMs nogadu
MeOMLUMHCKMX ra3oB Y3 «[pogHeHckas yHuBepcu-
TeTcKast KNUHUKay).

Kputepuammn ncknioyeHus M3 uccnegoBaHus
ObInn: 6epeMEHHOCTb, Hanu4Me NaTonorMm WUTo-
BUOHOW Xeneabl, niaekc maccel Tena (MMT) me-
Hee 25 kr/m?, C[] 1-ro Tuna, Hanu4yne ocTpbIX Ha-
pyLUEHNA MO3roBOro KpoBoobpalleHusi, Bocnanm-
TenbHbIX 3abonieBaHNn HEPBHOM CUCTEMbI, TShKe-
neix 3aboneBaHuMin ceppeyvyHO-COCYyaUCTON
CUCTEMbI, Hanu4yne OHKOMaTOSIOrnn, Xupypruye-
cKoM naTtonoruu, 3aboneBaHUn coeauHUTENbHON
TKaHW, XpPOHUYeCKNX 3abonesaHnin GpOHX0-Neroy-
HOWM CMCTEMbI, BUPYCHOrO, ankorofibHOro u fexkap-
CTBEHHOIO NOBPEXOEHNSA NeYeHMN.

[na npoBegeHnsa aHanusa nauMeHTbl Obinu
pasgeneHbl Ha 2 rpynnbl B 3aBUCUMOCTU OT A0-
CTUXeHUs komneHcauun CL 2-ro Tuna, Hanuuns
oxupeHus Il ctenenn: B 1-10 rpynny (n=26) Bkto-
YeHbl NauneHTbl C YPOBHEM NIMKMPOBAHHOIO re-
mornobuHa (HbA1c) meHee 7,5 % c oxupeHnem
| ctenenu, Bo 2-t0 (n=19) — ¢ HbA1c 6onee 7,5 %
n oxnpeHuem ll cteneHu.

AHanua MeanunHCKON JOKYMeHTauumn n cbop
aHaMHe3a MO3BOSIUIIN UCKNIOYNUTL Hannyne Bupyc-
HOro NOBPEeXAeHWS NevYeHn, ankororbHOro 1 nekap-
CTBEHHOIO NOBPEXAEHUS MeYEHOYHON TKaHW OO
rocnutanuaauuun. Bcem nauymeHTam, BKIIOYEHHbIM
B uccnegosaHue, BbinonHanu pacyet MMT, oue-
HuBanu yposHu HbA1c, nokasatenv nunugorpam-
Mbl (06LWMi xonecTepuH (OX), TMNonpoTEnHbI HU3-
kon nnotHoctn (JIMHIT), NnMnonpoTenHbl BbICOKOM
nnoTtHocTtu (JINBIM), Tpurnuuepuabl (TI)), anaHm-
HamuHoTpaHcepasbl (AJlT), acnapTataMuHoO-
TpaHcdepasbl (ACT), ramma-rnioTammnTpaHenen-

Tvaasbl (IMTI), C-peaktmBHoro 6ernka (CPB), K-
TepnenknHa 6 (UN-6), deppuTtnHa, CbIBOPOTOYHO-
ro »xenesa, cpegHero 3HadeHus rmkemun (Cpln),
obwero aHanusa kposu (Architect c8000, Abbott,
CLA). Cpl'n paccuuTtbiBann n3 6 nokasatenemn
N3MEPEHUN FNMKEMUN B TEYEHUE MEpPBbIX CYTOK
rocnutTanunsaummu, onpegerieHHbIX ¢ MOMOLLbIO [110-
KomeTpa «CaTtennut Jkcnpeccy.

CTaTtncTnyeckmin aHanma npoBeaeH C NOMOLLbIO
naketa komMmnbloTepHbIX nporpamm STATISTICA
10.0 (StatSoft Inc., CLLUA).

PesynbTaTtbl M 06CcyxXxaeHue

B Ttabn. 1 npeacraBneHa xapakTepucTtuka na-
LMEHTOB, BKITHOYEHHbIX B UCCnedoBaHue.

Mpn aHanuse gaHHbIX YCTAHOBMEHO, YTO 3Ha-
yeHne HbA1c OoOCTOBEPHO pasnuyanocb Mexay
rpynnamu, 4To onpegeneHo guM3anHoMm mccneno-
BaHu4. Tak, B 1-n rpynne HbA1c coctasun 7,0 [6,9;
7,3] %, Bo 2-n rpynne — 8,1 [7,9; 9,5] % (p=0,002).
[aHHble nokasaTenu CBUAETENbCTBYIOT O LOCTU-
XeHun uenesblx 3HavyeHuax HbA1c B 1-i rpynne
N OTCYTCTBUWM KOMMNeHcauun BO 2-n [22]. Takxke
oTMeYeHbl pasnuuna no VMT: y nauneHtoB 1-i
rpynnbl nokasatenb coctaeun 33,5 [32,5; 34,5] kr/v?,
YTO COOTBETCTBYET OXXMPEHUIO | cTeNneHn; BO 2-n —
36,9 [35,0; 39,0]kr/m?, To ecTb oxupeHue |l ctene-
HW. MNokasaTenu nunugorpamMmMbl He pasnuyanncb
B 0beux rpynnax u coOOTBETCTBOBaNN Hanuyuto
ancriunngemunn (OX — 6,3 [5,9; 7,1] Mmone/n npo-
™mB 5,8 [5,4; 7,6] mmonb/n; JINHM — 3,0 [2,9; 3,3]
MMonb/n npoTtuB 2,7 [2,5; 3,8] mmone/n; JINBIM —
0,8[0,8; 1,0] mmonb/n npotus 0,9 [0,8; 0,9] Mmonb/1;
T — 2,7 [2,8; 3,4] mmonb/n npotuB 2,3 [2,1; 2,3]
MMornb/1). Takke B rpynnax He 0TMeYeHO pasnuyni
no ctaxy C[ u cpegHUM 3HAYEHUSAM IINKEMUN.

Pesyneratbl KT opraHoB rpyqHOM KNeTku B AeHb
rocnMtanuaaumm ¢ pesynbrataMmu onpegeneHus
00N NOoBpeXAeHUs NEero4yHon TKaHW OTpaXKeHbl

Tabnuuai
XapakTepucTuKa naumeHToB
[Mokasartensb 1-a rpynna 2-a rpynna

HbA1c, % 7,0[6,9; 7,3] 8,1[7,9; 9,5]
Bospacr, nert 53,0 [49,0; 56,0] 51,0 [48,0; 52,0]
UMT, kr/m® 33,5 [32,5; 34,5]* 36,9 [35,0; 39,0]
OX, mmonb/n 6,3[5,9; 7,1] 5,9[54; 7,6]
JINHMN, mmonb/n 3,0[2,9; 3,3] 2,712,5; 3,8]
JINBIM, mmonb/n 0,8 [0,8; 1,0] 0,91[0,8; 0,9]
T, MMonb/n 2,7[2,8; 3,4] 2,3[2,1;2,3]
Crax C[l, net 6,8 [6,0; 7,5] 8,8 [6,0; 7,5]
Cpl'n, mmone/n 8,9[7,9; 10,1] 9,1[8,6; 11,3]

3pecb n B Tabn.2,3 * — p<0,05 mexpy rpynnamu.
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B Tabn. 2. YCTaHOBMAEHO HaNU4ne nHTepcTuymnarb-
HOro MOBPEXAEHMS NErovYHOM TKaHW, pacnpocTpa-
HEHHbIX YNNOTHEHWUI NAapeHXUMbl N0 TUMNY «MaTo-
BOro CTeKna» 1 peTuKynsipHbIX UBMEHEHUI Yy BCEX
naumeHTtoB. B 1-11 rpynne megmara (Me) nospexae-
HWA NerovHon TkaHm coctasuna 48,3 [40,0; 60,0] %,
4yTo Ha 18,9 % MeHblUe, Yem BO 2-i (67,2 [65,0;
70,0] %; p=0,003). Y Bcex naumeHToB BepudnLn-
poBaHa MHEBMOHMUSA TSHKeNon hopMbl, CO CHMKE-
Huem caTtypauuu Huxe 95 % Ha 4—5-e cyTku
C MOMEHTa BO3HMKHOBEHMWS 3aboneBaHud. Pasnu-
4ynsi MO 0ObLEMY MOPAKEHUS NErOYHOWM TKaHU CO-
nposoxaanuce pasnuuunamm SpO,: B 1-e cyTkn Me
coctasuna 91,0 [90,0; 93,0] % B 1- rpynne npo-
TmB 87 [87,0; 91,0] % BO 2-1 (p=0,041).

BbinonHeHvne KT opraHoB rpyaHON KNeTku na-
unenHtam ¢ COVID-19 nossonseTt uccrnegoBaTtb
oonee 50 % obbema nevyeHn n JONONTHUTENBHO
NPOBOAMWTb OLEHKY COCTOSIHUSI MEYEeHOYHOMN TKa-
HW, onpedenaTb ee OEHCUTOMETPUYECKMe Mnoka-
3aTtenu no wkane XayHcdunga B eguHuuax niot-
HocTu (HU) [23, 24].

CoBpeMeHHble CTaHgapTbl ANs noATBepXae-
HUS cTeaTo3a MeyYeHn No3BOoNAT MCMNOMb30BaTh
Haps4y C MMCTONOrMYecknm uccrnegosaHmem 6mo-
nrata ne4eHoYHON TKaHW HEMHBA3MBHbIE METOAbI:
KT, marHMTHO-pe3oHaHCHy Tomorpaduio, Y3U
neyvyeHun ¢ TpaHaneHTHom anactorpaduen. KoHcer-
CyCHOe 3asiBreHne MexgyHapoaHOW rpynnbl 3KC-

nepTos, onybnukosaHHoe B 2020 r. [25], no3sons-
eT Bepuduumnposate MAXBI1 ¢ nomMoLLbI0 HEWH-
Ba3MBHbIX METOAOB UCCMefoBaHWs, NepevmcneH-
HbIX BbILLE, UM BUOXMMUNYECKNX MapKepoB [25, 26].

O6wenpuHATLIE HOPMarbHbIE 3HAYEHUSA OeH-
CUTOMETPUYECKON NAIOTHOCTU NeYeHn — bonee 40
HU. B 1-1 rpynne nnoTHOCTb NeYeHn coctaBuna
42,5[39,0; 45,01 HU, BO 2-n — 35,5 [32,0; 39,01 HU
(p=0,003), uyTo cBMAETENLCTBYET O BONee HN3KOM
NAOTHOCTU NEeYEeHWN Yy NauMeHTOB C AEKOMMNEeHCK-
poBaHHbIM C[] 2-ro Tuna n COVID-19, yto ykasbl-
BaeT Ha Hanuyue cteaTos3a. Takum obpasom,
y NauneHToB 2-1 rpynmnbl, UMeLLMX AeKOMNeHca-
umto CL 2-ro tuna, oxunpenune Il creneHun, Gonee
HU3KMe OeHCUTOMETpUYECcKne nokasaTtenu nrot-
HOCTW neyeHun, nosbliweHne yposHen AITT n I'TTT,
nmenucb npmsHakm MAXBI [25, 26].

Bce nabopaTtopHble Mapkepbl, npeacTaBreH-
Hble B Tabn. 3, nony4eHbl B eHb BO3HUKHOBEHNS
KMCNOPOAHON HeAOCTaTOYHOCTU, NPWU CHUXEHUU
catypauun meHee 95 %.

AHanus pesynstaToB obLUero aHanuMsa KpoBwu
cBugeTenbcTByeT 06 OTCYTCTBMU Pasnuymm B no-
KasaTensax KkonvyecTsa NenkoumToBs, A0MM nanoy-
KOAAOepHbIX U CerMeHToanepHbIX HENTPOMUNoB,
KonunyecTBa 3puUTPOULUTOB, cpeaHero obvema
aputpouutos (MCV). B obeunx rpynnax BoisBneHa
numdoneHus, boree BbipaxeHHas BO 2-i rpynne
(11,0 [10,0; 17,0] % npoTuB 9,0[8,0; 11,0] %

Tabnuuya2
CpaBHUTenbHasA xapakTepucTuka pesynbTaTtoB KT opraHoB rpyAHON KNeTKU U NeYeHU NaLlueHToB
[NokasaTenb 1-a rpynna 2-a rpynna
KT nerkunx, % noBpexgeHus NeroYHon TkaHn 48,3 [40,0; 60,01* 67,2 [65,0; 70,0]
KT nevyeHun, nnotHocTb, HU 42,5 [39,0; 45,01* 35,5 [32,0; 39,0]
Tabnuya3

NaGopaTopHble nokasaTtenu

[Mokasatensb 1-a rpynna 2-4 rpynna
TNeiikounTsl, 10°/1 5,8 [4,8; 6,2] 4,9 [3,5; 6,0]
Hentpodunbl nanoykosgepHsle, % 6,0 [5,0; 7,0] 5,0 [5,0; 9,0]
JInmdbounTsl, % 11,0 [10,0; 17,0]* 9,0 [8,0; 11,0]
Helitpocunbl cermeHTosgepHble, % 84 [80,0; 89,0] 81[79,0; 82,0]
Femorno®buH, r/n 123 [115,0; 125,0]* 116 [111,0; 125,0]
BpuTtpounTsl, 107%/n 4,0[3,9; 5,0] 4.4 [3,9; 4,5]
MCV, dn. 88,0 [86,0; 90,1] 87,0 [82,0; 88,1]
O0wwmin GunupyObrH, MKMONbL/N 19,6 [17,0; 23,0] 21,8 [20,0; 27,0]
ACT, EQ/n 27,5 [24,0; 31,0] 30,7 [26,0; 35,0]
AJlT, EQ/Nn 34,2 [27,6; 38,0]* 56,0 [41,0; 60,0]
TN, EQ/n 60,0 [50,6; 69,0]* 81,0 [64,0; 110,0]
CPB, mr/n 35,4 [27,0; 43,0]* 67,2 [41,0; 71,0]
WN-6, nr/mn 35,4 [14,5; 53,0]* 51,8 [42,0; 59,0]
dDeppuTurH, Hr/Mn 350,0[310,0; 393,01 710,0 [660,0; 731,0]
CbIBOPOTOYHOE XEenes3o, Mr/n 2,41[2,2; 2,5]" 2,2[1,9; 2,3]
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B 1-n rpynne; p=0,039). CoagepxaHune remornodu-
Ha BO 2-1 rpynne COOTBETCTBYET COCTOSHMIO aHe-
MUK nerkon cteneHun Tsxxkectn (123 [115,0; 125,0]
r/n) npy HopMaribHbIX NokasaTtensx B 1-1 rpynne
(116 [111,0; 125,0] r/n; p=0,041). He nony4eHo pas-
NNYMn Mexay 3HadeHnsmmn obero GunupyduHa m
ACT npwv nosbliweHnn Bo 2-1 rpynne ypoHen AJT
(56,0[41,0; 60,0] EO/N npoTtue 32,0[27,6; 38,0] EO/N
B 1-1 rpynne; p=0,002) n I'TTI (81,0 [64,0; 110,0]
E[/n npoTtue 60,0 [50,6; 69,0] EO/N; p=0,021).

[anbHenwmnn aHanns pesynsratos, NPUBEAEH-
HbIX B Tabn. 3, onpegenun, 4Yto Hanbonblune 3Ha-
YeHWs1 MapKepoB BOCMNanNeHus, BoblsiBMEHbl BO 2-1
rpynne. OTmeyeHo nosbiweHve CPB Ha 31,8 mr/n
(67,2[41,0; 71,0] mr/n npoTue 35,4 [27,0; 43,0] mr/r;
p=0,016); UJ1-6 Ha 16,4 nr/mn (51,8 [42,0; 59,0] nr/mn
npotus 35,4 [14,5; 53,0] nr/mn; p=0,016). J1-6
SABNSETCA LUTOKMHOM, KOTOPLIN NMPUHMMAaET yyac-
THE B perynsiymMm MMMyHHOMo OTBETa, peakLuun ocT-
poi chasbl BOCManeHusi, ero akTMBHOCTb U BbICT-
poe HapacTaHue y naumeHtoB ¢ COVID-19 cny-
XUT MapKepoM LMTOKMHOBOIO LUTOPMA C pa3BuUTU-
€M OCTPOro pecnmpaTopHOro AUCTpecc-cMHapomMa.
Takum obpasom, y naumeHToB 2-i rpynnbl, UMeto-
wunx gekomneHcauuto CL 2-ro tvna, oxunpeHue
Il crenenn, MAXKBI1, BbigBNeHNE MOBbLILLEHHOIO
ypoBHs UJ1-6 sBnsieTca haktopom, yeyryonsatoLmm
puck Bornee TSHXenon KOpoHaBMPYCHON UHMEKLUN
N pasBuUTUS CUHOPOMA CUCTEMHOIO BOCNanuTerb-
HOro oTBeTa.

Mpu NpoBeaeHNM KOPPENSLIMOHHOMO aHanmaa go-
Ka3aHO Hanuymne nosioXKUTENbHOM KOPPENALMOHHON
3asucumoctn mexay yposHamu WUJ-6 n HbA1c
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(r=0,600) n oTpyuaTenbHON — MEXAy AEHCUTOMET-
pPUYECKON PEHTTEHOMNMOTHOCTLIO NEYEHUN MO SAHHBLIM
KT n UI-6 (r=-0,719) Bo 2-n rpynne (puc. 1), 4to
CBUOETENBCTBYET O BbICOKOW aKTMBHOCTM BOCMAnu-
TEnNbHOro npolecca B faHHON rpynne nauueHToB.

Takke BO 2-1 rpynne onpegeneHa B3aMMoCBs3b
mexgy WI-6 n CPB (r=0,821), npoueHTOoM no-
BPEXAEHMA NEero4yHon TKaHu no AaHHbim KT
(r=0,768), SpO, (r=0,812), UMT (r=0,718). B 1-i
rpynne otmevaetcsa cBsasb mexay HbA1c n npo-
LEeHTOM MOBpexaeHus nerovyHon tkaHu (r=0,632),
CPbB (r=0,503), WUJ1-6 (r=0,621).

ELLe oavH nokasatenb, 3acnyxuBaroLLmin ocobo-
ro BHUMaHusl, — beppuUTUH, ero 3Ha4eHne nNpm roc-
nutanusauumn coctasuno 350,0 [321,0; 456,0] Hr/mn
B 1-# rpynne npotue 710,0 [644,0; 849,0] Hr/mn BO
2-n rpynne (p=0,001). YunTtbiBaga ypoBeHb heppu-
TWHa, NPEBbLILALWMNA ONYCTUMbIE OBLLENPUHS-
Tble HOpMaribHble nokasaTenu, Mbl OLLEeHUAN B K-
HaMmuKe YPOBHU heppuTUHA napannensHo ¢ onpe-
JerneHneM CbIBOPOTOYHOrO Xenesa, 3Ha4YeHUs Ko-
TOPOro NPUBELEHbI HMXE.

Ha puc. 2 npeacrtaBneHbl 3Ha4YeHNs YPOBHEMN
dheppuTUHA B rpynnax cpaBHEHMS B ANHAMMKE: Ha
3-1(489,0[359,0; 520,1] Hr/mn npoTtue 920,0 [831,0;
950, 1] Hr/mn; p=0,003) n 6-e (732,0 [581,0; 790,0] Hr/mn
npotme 980,0 [874,0; 1004,0] Hr/mn; p=0,001) cyT-
KM ¢ MOMeHTa rocnutanusaumn. B o6eunx rpynnax
3aperucTpupoBaHo yBenuyeHne ypoBHs eppu-
TUHaA K 6-M CyTKaM HaxoXxgeHus B cTauuoHape
CO 3Hauyumo 6onee BbICOKMMU YPOBHAMMU BO 2-1
rpynne Ha 91 % npwu rocnutanusauun n 33,8 % Ha
6-e cyTkn 3abonesaHus.

M-8, nrimn

p.3 0 2 K’} » k) Q Q 4 % 8
KT neyenn, nnotHocTh, HU
6]

Puc. 1. 3aBucumoctb mexay ypoHsamu UJ1-6 n HbA1c (a), UI1-6 n nnoTHocTbio neverun (6) Bo 2-1 rpynne
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deppuTUH B HacTosILLLEE BPEMS HE BOCMPUHU-
MaeTCs UCKMIOYMUTENBHO Kak MapKep CoaepXaHus
Xernesa, KOTOpbIA UCNONb3YeTCa ANs AUarHocTu-
Kn xenesoneduUnNTHBIX COCTOSIHMIA, Tak Kak Ado-
KasaHo, 4YTto Hapsagy ¢ CPb oH aBnsetca 6enkom
ocTpon dasbl BocnaneHua. OnpegeneHo, 4To
deppuTrH, BolpabaTbiBaeMbli renatouMTamMmmu npu
TSDKENbIX OCTPbIX NpoLeccax, yBennmumBaeTcs noa
BNUstHUEM NpoBOCNanNUTenbHbIX LuToknHos (UJ1-1,
WI-6, NN-18) n daktopa Hekposa onyxonen. He-
OaBHVE VCCredoBaHNA nokasasnu, YTo NOBbILUEH-
Hbl€ YPOBHU LIMPKyNnpytoLero doepputnHa MoryT He
TONbLKO OTpaxaTb OCTpy pasy BocnaneHusi, Ho
Takke Urpatb KPUTUYECKN BaXKHYKO poOrib, CNoOco6-
CTBYS NporpeccmpoBaHunio 3abonesaHus [27, 28].

CoBpeMeHHbIe nccnegoBaHms no oLeHke ypoB-
HA depputnHa npu COVID-19 noaTtBepxaatoT
CBA3b runepdeppuTUHEMNN, MOBLILLIEHNS YPOBHS
CPB n WUJ1-6 [28]. Beicka3biBaeTcst npeanonoxe-
Hue, 4TOo B TAXenbIx cnyvasax COVID-19 nosbiwen-
HbIM ypoBeHb UJ1-6 cnocobcTByeT He TOMbKO yBe-
nnyeHuto cuHtesa CPB B neyeHn, HO U MHIIMBMPO-
BaHWIO BbICBODOXAEHUST TpaHCeppurHa, 4To Yac-
TUYHO gBMsieTca pes3ynbTaTOM BocnaleHus
N TMNOKCUK, a TaKkKe 3anycKkaeT CUHTE3 dheppuTn-
Ha [29, 30]. CamocToaTenbHO runepdeppuTrHe-
MUS MOXET CMPOBOLMPOBATbL MUTOXOHAPUANBHYHO
ONCAYHKLUMIO, MPUBOLSLLYO K ONocpeaoBaHHOMY
Xenesom OKUCNUTENbHOMY CTpeccy M BbipaboTke
aKTUBHLIX POPM KMCnopoda U Ype3MepHOMY Bbl-
cBoboOXaeHuo npoBocnanuTenbHbIX LUTOKMHOB
[31]. N36bITOK BHYTPUKIETOYHOrO Kenesa, Hakon-

1-arpynna

neHue akTUBHbIX POopM Kucnopopa npuBoaaT
K dpepponTosy u, Kak cneacTtsve, NOBPeXOeHUIo
TKaHemn n opraHos [32].

Mo gaHHLIM MeTaaHanusa, BKMAYawLero
24 262 naumenTta c COVID-19, cpeaHuin o6beanHeH-
HbI ypoBeHb (beppuTnHa coctasun 777,33 Hr/mn
1 Bbille Yy NaLMeHTOoB cTapLuen BO3pacTHOM rpyn-
Mbl, C HANUYMEM apTepuanbHOM rMnepTeHs3nun, ne-
TanbHbIMK “cxogamu [28].

BbicTpoe noBbilWeHne ypoBHA depputuHa
B kpoBu o 1000 MKr/n v Bbile ABASETCS MAOXUM
NMPOrHOCTMYECKNM NPU3HAKOM, CBUAETENbCTBYHO-
WyM o 6onbLIOM BEPOATHOCTM NEeTanbHOro UCXo-
aa [33]. MNMony4yeHHble HamMU OaHHble, CBUOETENb-
CTBYIOLLME O MOBbILLEHUN heppPUTUHA BO 2-1 Fpyn-
ne, NOATBEPXAAKT BbICKa3aHHbIEe rMNoTesbl.

OnpepeneHve ypoBHeN CbIBOPOTOYHOIO Xere-
3a uccrnegoBaHo Ha 1, 3 n 6-e cyTkn. 3HadeHue
B 1-e cyTku coctasuno 2,4 [2,2; 2,5] mr/n B 1- rpyn-
ne npotue 2,2 [1,9; 2,3] mr/n Bo 2-1, (p=0,003). Ha
3-n cyTkn B 1-1 rpynne ero 3HavyeHne cocTtaBuno
2,5[2,0; 2,6] mr/n npotue 1,9 [1,7; 2,1] mr/n BO 2-1
(p=0,043). OgHako Ha 6-e CyTKM rocnuTanuaawmm
nokasatenu B rpynnax HECKONbKO CHU3UIUCH:
B 1-n rpynne — 2,0 [1,9; 2,3] mr/n; BO 2-1 — 1,5
[0,8; 1,7] mr/n (p=0,039), YTO 3HAYUTENBHO HUXE
o6LLENPUHATLIX peddepeHCHbIX eanHuL,. BeposaTHo,
Takoe CHWKEHWEe CbIBOPOTOYHOrO Xenesa CBA3aHO
C ero nepepacnpegerneHvem B TKaHsX 1, BOSMOXHO,
peakuuen Ha BUPYCHOe NoBpeXaeHne 1 BUPYCHYIO
Harpy3ky. CHUKeHWE CbIBOPOTOYHOrO Xenesa Bo 2-1
rpynne Koppenuposasno co cHuxeHuem SpO,

2-arpynna

1200

980,00

1000

800

920,00

600

498,00

350.00

400

200

710,00

1-e 3-n 6-e

CyTku rocnutanusayum
Puc. 2. YpoBeHb heppuTuHa (Hr/mn) B KPOBW NaumeHToB 1-i 1 2-in rpynn B AMHaMUKe BO Bpems rocnvtanv3auum
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(r=0,769). JaHHble NokasaTenu cornacywTcs
C pesynsratamu nccrnegosaHusa A. Shah u coasr.,
KoTopble B CBOeN paboTe Takke coobLLalT O HU3-
KMX 3HAYEHUSAX CbIBOPOTOYHOIO XXenesa y nauneH-
TOB C TakenbiM TedeHnem COVID-19 [34].
M3meHeHus1, cBA3aHHbIE C MeTabonMaMoMm xe-
nesay nauyueHToB ¢ C[] 2-ro Tmna, UMeLOT BaXkHOe
3HayeHue. MIHhopmauusa o BnnsaHum runepdeppu-
THemumn Ha ncxog COVID-19 Becbma npoTmnBope-
ymBa, Kak NpPOTUBOPEYUBbLI N NpPencTaBNEHUS
O MpUYUHaX ee BO3HWKHOBEHUS, Tak Kak He Obin
UCKIMOYEH (haKTop neperpysku Xenesom U, BO3-
MOXHO, NTaTeHTHble BonesHn HakonneHus. MoBbl-
LLEHHbIN YPOBEHb (heppUTMHA MOXKET ObITb CBSI3aH
¢ ocobon ponbto MmeTabonuama xenesa B nogaep-
»XaHuUM BPOXOEHHON UMMYHHOW CUCTEMBI 451 BOpb-
Obl C NPOHMKatoLLMM BUPYCOM. HapyLueHme romeo-
CcTasa Xenesa siBNSeTCs OCHOBHOMW cTpaTerven
B3aMMOOENCTBUA X035MHa 1 naTtoreHa. MIMmyHHas
cucTema ynpaenseT MeTabonmMsaMom xenesa B OT-
BET Ha BUPYCHble MHAEKLMKN, CHUXKAsA ero buogoc-
TYNHOCTb, TaK Kak ansa pennukauun PHK-Bupyca
Heo6X04MMbl YCUIEHHbIV KNETOYHbIA MeTabonnam
N onTMManbHbIE YPOBHMU Xeneaa B KneTkax Xo3aum-
Ha. BepoATHO, B 3TNX YCNOBUAX YPOBHU NeYEHOY-
HOro rOpMOHa Xenesa rencugmMHa — OCHOBHOIO
perynstopa romeocrasa xenesa — MOryT MOBbI-
waTtbcsa U 6riokmpoBaTb akTUBHOCTb TpaHcrnopTe-
pa dhepponopTUHA, KOTOPbLIN HECET Keneso U3 Kne-
TOK, YMEHbLLAET KONIMYECTBO Xenesa, BcacbliBae-
MOroO M3 NULLK, BbI3biBas KIETOYHYH CEeKBeCTpa-
LMo Xenesa (rnmaBHbIM obpasom B renatouuTax,

460

440

420

DeppuUTUH, HI/MN
g 8 8 8 85

w
8

N
o3
S

6,7 68 69 70 71 72 73 74 75 76

HbA1c, %
a

3HTepounTax n Mmakpodarax). [NosblLLEHHAsA BHYT-
pUKNeToYHas cekBecTpauus xenesa npuBoauT
K YCUMEHUIO LUMTO30MbHOMO (heppuThHa, KOTOPbIN
CBA3bIBAET M COXpaAHSAET xeneso Ana npegoTspa-
LLleHMsa ornocpenoBaHHOMO NoBpexaeHus csobon-
HbIMWU pagukanamu. MNoBbILWEHHOE yaep)KaHue
N HakomnneHue Xenesa B coctase heppuUTnHa B
Makpodarax cnocobCcTByeT xapakTepHoMy nafe-
HWIO KOHLIEHTPAaLMK XXenesa B CbIBOPOTKE U MOBbI-
LEHWIO KOHLUEHTpauun epputmHa B CbiBOPOTKE,
4yTO HabniogaeTca npu ocTpon hase oTBeTa Ha
BTOp>XeHwue Bupyca [28, 31, 35].

AHanua KoppenaumoHHbIX CBA3eW MO3BOMUN
BbISIBUTb, YTO 3Ha4YeHME PeppUTMHA NOSNOXKUTESb-
Ho KoppenupyeT B 1-i rpynne ¢ HbA1c (r=0,652),
CPB (r=0,598), UI-6 (r=0,582), oNNTENbHOCTLIO
rocnutanusaumn (r=0,532). Beicokoe 3HaveHune
beppuTHa CBA3AHO C HU3KUM 3HadeHnem SpO,
(r=-0,678).

B3aumocBsasb Mexay uccnegyembiMu nokasa-
Tenamu oTMedeHa BO 2-M rpynne, BKKYaoLen
naumeHToB ¢ C[ 2-ro tuna n MAXKBI. YcraHoB-
NEHO, YTO yBENMYEeHne peppuTrHa CBS3aHO C no-
BblleHnem 3HadyeHus WUJ1-6 (r=0,883), CPb
(r=0,583), HbA1c (r=0,789), 60nbLLUMM NPOLEHTOM
NOBPEXAEHNS Nero4yHom TKkaHu no gaHHbiMm KT
(r=0,628). PeHTreHONNOTHOCTb NeYeHn accouunn-
poeaHa ¢ UJ1-6 (r=-0,761), CPb (r=-0,652), dep-
putuHom (r=-0,745), HbA1c(r=-0,823), 3HayeHnem
SpO,, (r=-0,823), IMT (r=0,981). BbisiBneHHble
Koppensuum n natonormndeckune yposHn CPB, -6,
deppUTMHA, XKenesa Bo 2-1 rpynne CBUOETENLCTBYOT

70 e

3

MN-6, nr/imn

8

20

10 2
280 300 320 340 360 380 400 420 440 460

DeppuUTUH, HI/MAN

6

Puc. 3. 3aBucumoctb mexay ypoHamu depputuHa n HbA1c (a), bepputuHa n UI-6 (6) B 1-1 rpynne
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25 1-a rpynna

2-arpynna

19,50

20

15

10 9,00

10,00

6,00

CKOpOCTb NOTOKa YyBna*xHeHHoro
Kncnopogja n/unH

CyTKU rocnuTanusauumn

Puc. 4. JuHammka CKOpOCTM MOTOKa YBMa)XHEHHOIO KMCIOPOAa 3a Bpems rocnuranusauun B 1-i u 2-in rpynnax

O HEraTMBHOM BITUSHUWN CYyMMbl (haKTOPOB Ha Teye-
Hue COVID-19. 310 noaTeepXaaeTcst AaHHLIMMW MO
oLeHKe MHCYdnAaumMm yBraxXHEHHbIM KUCIOPOA0M
3a Bpems rocnutanusaumn. Ha puc. 4 npogemon-
CTpupoBaHa NoTpebHOCTb B MHCYDNALNM yBNaX-
HEHHbIM KMCMOPOAOM 3a uccregyemMblil nepuos
BpeMeHu (6 cyT). Bo 2-n rpynne notpebHOCTb
B KMCnopogoTepanumn otmevaeTcs B 1,7 pasa BblLLe,
yeMm B 1-i rpynne, B 1-e CyTKM rocnutanuaauunm
(6 n/muH npotuB 3,5 n/mMuH), B 1,6 pasa — Ha 3-u
cyTku (10 n/MuH NpoTuB 6 n/MKH), B 2,2 pa3a — Ha
6-e cyTkm (19,5 n/muH npotme 9,0 n/muH) (p<0,05).

Takum obpasom, B UccregoBaHne Obinn BKIHO-
yeHbl nayneHTbl ¢ C[1 2-ro TMna n TSXenbiM Teye-
Huem nHeekumm COVID-19. [Ina naumMeHToB C ge-
KomneHcupoBaHHbiM C[l 2-ro Tuna, oXuMpeHnem
Il ctenenn, MAXKBI n COVID-19 xapakTepHbl 60-
nee Bblcokne nokasatenn HbA1c, WI-6, CPB,
TpaHceppuHa, CHUXKEHWe nokasaTens CbiBOpO-
TOYHOro Xenesa, MMMAQONeHNUss 1 aHEMUS JIErkomn
CTEeneHu TAXKeCcTU, a Takke bonee anutenbHas
NoTPeBHOCTb B UHCY(DPNALMM YBIIAXKHEHHbLIM KUC-
nopogom u 60nbLMA NPOLIEHT NOBPEXAEHUS ne-
royHom TkaHu no gaHHbim KT. [JeHcutomeTpuyec-
Kasi peHTreHONNOTHOCTb NeYeHn accouumnpoBaHa
c UI-6 (r=-0,761), CPb (r=-0,652), bepputrHOM
(r=-0,745), HbA1c (r=-0,823), sHa4yeHnem SpO,
(r=-0,823), UMT (r=0,981). Takke B 3TOM rpynne
onpegeneHa B3anmocesA3db Mexay WI1-6 n CPB

(r=0,821), NnpoLUEeHTOM NOBPEXAEHUS NEFOYHOM TKa-
HUM no gaHHbIM KT (r=0,768), SpO, (r=0,812); dep-
putuHom n UJ1-6 (r=0,883), CPb (r=0,583), HbA1c
(r=0,789), 6oNbWNM NPOLEHTOM MOBPEXAEHUS
niero4Hon TkaHu no gaHHbiMm KT (r=0,628), uTo Koc-
BEHHO noaTBepxaaeT bonee TsHXenoe TeyeHune
3abonesaHua COVID-19.

Paboma ebinonHeHa npu ¢gpuHaHco8oU NoAdepx-
ke benopycckoeo pecrybriukaHckoeo ¢poHOa hyH-
OameHmarbHbIx uccnedosaHull (lMpoekm M21KO-
Bno35 «lMpoeHocmuyeckass 3Hadumocme ourier-
mudunnenmudasbi-4 u MonuMopghHbIX 8apuaHmMos
eeHa TCF7L2 e passumuu ocrnoxHeHuti COVID-19
y nayueHmos ¢ caxapHbiM duabemom 2-20 murna»)
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CEPOIMNPEBANEHTHOCTb HACENEHUA PECMYBJIUKU BEJIAPYCb
K BUPYCY SARS-COV-2: OBLUME TEHAEHLUU

'"PHIMLU snugemuonoruun u mukpobuonoruu, MuHck, benapyce,
2PecnyBnukaHCKUin LEHTP FMIUeHbl, aNMAEMUONOornK 1 obLiecTBeHHOro 3a40poBbs, MuHck, benapyce,
*benopycckasi MeauUMHCKas akageMust nocneaunnomHoro obpasoBanusi, MuHck, benapyce,
4CtpaHoBoit opuc BO3 B Pecnybnuke benapyck, MuHck, benapyce,
SMuHucTepCTBO 34paBooxpaHeHns Pecnybnukn bBenapycbh, MuHck, benapycb

Uenb uccnedoeaHus. OyeHums pacrpocmpaHeHHocms aHmumern Kk SARS-CoV-2 8 pasnuyHbiX 803pacmHbiX epyn-
nax HaceneHusi Pecnybnuku benapycb u onpedenums obuwjue meHOeHyuU nomnynsyuoHHo20 umMmyHumema e 2021 e.

Mamepuan u memodbi. B 2021 2. ebinosiHeHO mpexamarnHoe uccnedosaHue (1-0 aman: ¢pespasb — mapm;
2-0 aman: mall — utoHb; 3-Ui amarn: ceHmsibpb — OKkmsI6Pb), BKMOYasWEe aHKemuposaHue U UsyyeHue cepornpesaneHm-
Hocmu k SARS-CoV-2 y HaceneHusi 8 so3pacme 1—70 nem u cmapwe u3 7 peauoHos Pecnybnuku benapycb (5243
yernogeka: 3769 — u3 obuwjezo HaceneHusi (769 demel u 3000 e3pocrnbix) u 1474 meduyuHckux pabomHuka). Hanuyue
cymmapHbix (IgM u IgG) anmu-RBD-anmumen k SARS-CoV-2 onpedensanu ¢ nomMouwibo UMMyHOohepMeHmHoU mecm-
cucmembl Wantai SARS-CoV-2 Total Ab (Beijing Wantai Biological Pharmacy Enterprise, lNekuH, Kumad).

Pe3ynbmamebl. Ha 1-m smane uccriedosaHusi ceporpesasieHmHocmb obuweao HaceneHusi cocmasuna 61,4 % (95 %
AN (59,86—63,0)), Ha 2-m — 72,1 % (95 % AN (70,4—73,7), Ha 3-m — 79,6 % (95 % AN (77,9—81,2)). Bo ecex sospacmHbix
2pynnax HacesieHus OHa cmamucmu4Yyecku 3Ha4uMO yeernu4ueanack om amana k amarny (p<0,001). B kaxdom u3 peauo-
HO8 makxxe ommeyasics 3Ha4uMbIll POCM cepornpesasieHmMHOCMU Ha npomsixeHuu ecex amarnos (p<0,001). Ha kaxdom u3
amarnog cpedu MeduUUHCKUX pabomHuKog ceporpesaneHmHocmb bbina 8 cpedHem Ha 10 % ebiwe, 4eM y 83pOCribiX U3
obuwezo HaceneHuss cmpatbl. CeponpesaneHmHOCmMb NOMynsayuu hopmMuposanach Kak 3a cyem rnepeHecuwux maHuge-
CMHyr opmy UHGheKyuu, mak u 3a cyem 6eccumMnmoMHO UHUUUposaHHbIX. Y nuy 8 eo3pacme 30 nem u cmapwe
MaHugecmHble popmbl COVID-19 ecmpeyvanuck cyuiecmeeHHoO Yawe, YeMm y nuy bonee monodozo eo3pacma (95 % AN
(1,5—2,0); p<0,001). ®pakyusi beccumnmomMHO UHGPUUUPOBaHHbIX nuy, cocmasnsna om 39,0 do 69,4 % e pasHbix 80o3pa-
CMHbIX epyrnnax HaceneHusi u bbina Haubonee 8bicokoli cpedu demedll, ymo nodmeepxdaem UX 3HAYUMYH POfib 8 paseu-
muu naHdemuu. Noka3aH eknad eakyuHayuu 8 chopMuposaHue cepornpesaneHmHocmu y 83pocibixX. [ons eakyuHuUpo-
BaHHbIX UL, cpedu Ceporno3umusHbLIX ysenu4ueanacb om amana K amarny uccnedosaHusi U Ha 3-M amane cocmasusa
63,3 % y meduyuHckux pabomHukos, 48,1 % — y Opy2020 83p0C/I020 HacesleHus.

3akntodeHue. BbinonHeHHoe nomnynsiyuoHHoe uccriedosaHue 8Hecso ornpedenieHHbIl 8Knad 8 noHuMaHue snudemuo-
noezuu COVID-19 e Pecnybnuke Benapyck, nokasano 8biCOKUU ypO8eHb CeporpesanieHmMHOCMU HacesleHUs1 yxe 8 Haya-
ne uccrnedosaHusi U ee ysenudeHue Ha rnocnedyrowux amarnax, 3HadumernbHyr gpakyuo 6eccuMnmomMHO UHUYUPO-
8aHHbIX NUY U cywecmeeHHbIl 8knad sakyuHayuu 8 popmMuposaHue nomnynsyuoHHO20 UMMyHUMema.

Knrouyeebie cnoega: COVID-19, anmumena, ceponpesganeHmHOCMb, meHOeH uU, nonyasyUOHHbIU UMMyHUMeM.

Objective. To assess the prevalence of antibodies to SARS-CoV-2 in different age groups of the population of the
Republic of Belarus and to determine the general trends in the population immunity in 2021.

Materials and methods. A three-stage study was performed (stage 1: February-March, stage 2: May-June, stage 3:
September-October), which included a questionnaire and assessment of seroprevalence to SARS-CoV-2 among 1-70
and more years old population of all 7 regions of the Republic of Belarus (5243 people: 3769 from general population (769
children and 3000 adults) and 1474 healthcare workers). The presence of total (IgM and IgG) antibodies to RBD of SARS-
CoV-2 was determined using the Wantai SARS-CoV-2 Total Ab kit (Beijing Wantai Biological Pharmacy Enterprise, Beijing,
China).

Results. At the first stage of the study the seroprevalence of the general population was 61.4 % (95 % ClI: 569.8—63.0),
at the second — 72.1 % (95 % Cl: 70.4—73.7), at the third — 79.6 % (95 % CI: 77.9—81.2). In all age groups seroprevalence
increased statistically significantly from stage to stage (p<0.001). In each of the regions there was also a significant
increase in seroprevalence

(p<0.001) throughout all stages. Seroprevalence among healthcare workers was about 10 % higher than among adults
from general population at each stage of the study. The seroprevalence was formed both by persons who had a manifest
form and an asymptomatic infection. Among 30 year olds and older people the manifest forms of COVID-19 were significantly
more common than among younger ones (CMH-OR (95 % CI OR) 1.8 (1.5—2.0); p<0.001). The fraction of asymptomatically
infected persons ranged from 39.0 to 69.4 % in different age groups and was the highest among children, that confirms their
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significant role in the pandemic. A high contribution of vaccination to seroprevalence in adults was shown. The proportion
of vaccinated among seropositive people increased from stage to stage and at the third stage reached 63.3 % in healthcare

workers and 48.1 % in other adult population.

Conclusion. The study improved the understanding of the epidemiology of COVID-19 in the Republic of Belarus.
A high level of seroprevalence already at the beginning of the study and its increase at subsequent stages, a significant
fraction of asymptomatically infected individuals and a high contribution of vaccination to the population immunity were

demonstrated.

Key words: COVID-19, antibodies, seroprevalence, trends, herd immunity.

HEALTHCARE; 2022; 12: 15—25.

SEROPREVALENCE TO SARS-COV-2 VIRUS IN THE REPUBLIC OF BELARUS: GENERAL TRENDS
E. O. Samoilovich, V. L. Kolodkina, A. M. Dashkevich, A. O. Mihalenko, M. A. Yermalovich, G. V. Semeiko, O. V. Krasko,
N. D. Kolomiets, I. N. Glinskaya, V. I. Grankov, A. M. Dronina, I. A. Karaban, A. A. Tarasenko

B koHue gekabpsa 2019 r. BO3 6bina yBegom-
rnieHa o Heobbl4HON rpynne cryyYaeB NMHEBMOHUN
B YxaHe (Kutan). 3aboneBaHue, No3xe Ha3BaHHOe
COVID-19, 6bicTpo pacnpocTpaHMnioch 3a npege-
nbl Kutas, nepeble criydyam B EBpone 6binun 3ape-
rmctpupoBatbl 25 aHBaps 2020 r. [1], nepBbI cny-
yan B Pecnybnuke Benapycb odumumansHo noa-
TBepxaeH 28 despansa 2020 . [2]

[na nydwero noHMMaHua xapakrtepa nepega-
YM HOBOWM MHMEKLMMN, TSXKECTU, KITMHUYECKUX Xa-
pakTepUCTUK, PakTOpOB pUcCka UHPULMPOBAHMUS
akcneptamn BO3 B nepBble MecsiLubl pasBuTuA
naHgemum paspaboTaHbl HECKOSbKO MPOTOKOMOB
paHHUX CEPO3NUAEMMNONIOrMYECKUX NCCIIef0BaHUMN,
KoTopble 06beanHeHbl noa HasBaHnem «WHO
Unity Studies». OguH 13 npoToKoNoB HanpasneH
Ha cTpaTuuUMpPOBaHHOE MO BO3pacTy Nonynsauum-
OHHOE uccnegoBaHne pacnpPoCTPaHEHHOCTN aHTH-
Ten kK COVID-19 (nocnegHsas Bepcus 9Toro npo-
ToKkona gatuposaHa Hosibpem 2020 r.) [3]. cnonb-
30BaHWE eanHOro npoTokona Ans npoBefeHus
nccrnegoBaHu cnocobcTByeT ObICTPOMY U CUC-
Tematmnyeckomy cbopy n obmeHy gaHHbIMK B op-
MaTe, KOTOPbIN yNpoLlaeT cpaBHEHME pes3ynbra-
TOB, MOMYYEHHbIX B Pa3fYHbIX YCNOBUAX BO BCEM
MUpe.

[na onpeneneHnsa ceponpeBaneHTHOCTU Hace-
nenusa Pecny6nukn Benapycb k SARS-CoV-2 B ne-
puog despansa — okTA6psa 2021 . B COOTBETCTBMM
¢ npotokonom BOJ3 BbLINOMHEHO NpoAOSibHOE
(TpexaTanHoe) 3akpbiToe cTpaTudununpoBaHHoe
no BO3pacTy MNonynsiuMoOHHOE UccnegoBaHune, Ox-
BaTMBLUEE BCe 7 PEMMOHOB CTpaHbl. M3 kaxkgon 06-
nacTu B UCCrieAoBaHMmM yyacTsoBanv no Asa pan-
OHa — C Haubornee BbICOKON N Hambonee HU3KOM
3abonesaemocTbto COVID-19 Ha Havano uccne-
O0oBaHuS.

B Havane BbinonHeHusa npoekta B Pecnybnvke
Benapych 6bInn 3aperncTpypoBaHbl ABe anuae-
Muyeckux BonHel COVID-19 ¢ nukom 3abornesae-

MocTu Ha 20-1n kaneHgapHoun Hegene 2020 r.
(11.05.2020—17.05.2020) n 2-n KaneHgapHOMN He-
aene 2021 r. (11.01.2021—17.01.2021) (70,5
n 140,1 cnyyas Ha 100 000 HaceneHuss cooTBeET-
CTBEHHO). [lepBas anugemuyeckas BornHa npoaorn-
xanacb 25 Hep (c 9-1 no 33-t0 Hegento, TO ecTb
c 26 deBpanda no 16 asrycta 2020 r.). Bropas
anugemuyeckas BonHa npopomkanacbk 30 Hef
(c 34-n Hepenu 2020 1. no 10-t0 Hegento 2021 ., TO
ecTb No 8—14 mapta 2021 r.) [2]. Obe anuaemu-
Yyeckme BonHbl COVID-19 6binn BbI3BaHbl yXaHb-
CKUM BapuaHToOM Bupyca (ero HeCKomnbKUMu
knengamm) [4, 5]. C anBapsa 2021 r. B Pecnybnuke
Benapycb Gbina HavyaTa BakuMHauusa NpPoTuB
COVID-19, koTopoun cornacHo HauuoHanbHOMY
nnaHy B NepBylo ovepeb noanexanu nuua crap-
Luero Bo3pacta u MmeguunHckme paboTHUKK.

3a BpeMs BbINOMHEeHWs1 AaHHOro UccneaoBaHns
nepuogpl pocta 3abonesaemoctn COVID-19 cme-
HAMWUCb NepuodaMu ee CHxXeHus. Tak, ¢ 15 map-
Ta no 11 anpens (c 11-i no 14-t0 Hegento) 2021 r.
Habrnoganack TeHaeHUMs K pocTy 3abonesaemMo-
CTW, B TeuyeHne 15—25 kaneHgapHbIX Hegenb —
ee CHWKeHve. B aToT nepuoa BpeMeHn OOMWUHU-
poBan anbda-sapuaHT (B.1.1.7) SARS-CoV-2,
BrnepBble BbisiBNEHHbIN B Pecnybnvke benapycb
B peBpane 2021 . [2, 5]. C 26-i kaneHaapHOW He-
aenu sadmkcmpoBaH ouYepeaHon BCnneck 3abone-
BaeMOCTU, KOTOPLIN npogomnkanca oo 42-n Hepe-
nn, TO ecTb NPaKTU4YeCkn A0 KOHLA BbINOSTHEHUSA
nccnegoBaHus. ATOT BCnfeck 3aborneBaemMocTu
ObIN NPerMyLLECTBEHHO CBSI3aH C pacrnpocTpaHe-
Huem BapuaHTa Jensta SARS-CoV-2 [2, 5].

B cooTtBeTcTBUM C npoTokonom BO3 B Hawem
nccrnefoBaHUM UCMNoNb30BaH anropuTM nocreno-
BaTenbHOro nabopartopHoro TectupoBaHus. Bce
CbIBOPOTKM KPOBM MUCCNeAoBarnun Ha Hanuyine cym-
MapHbiX (IgM n IgG) aHtuten k RBD-yyacTky
S-6enka SARS-CoV-2 (aHTU-RBD) ¢ nomoLLbto Ka-
YeCTBEHHON MMMYHO(EPMEHTHON TECT-CUCTEMbI
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Wantai SARS-CoV-2 Total Ab (Beijing Wantai
Biological Pharmacy Enterprise, NekuH, Kutan). Ee
BbICOKOE KayecCTBO ObIfI0 NogTBEPXKAEHO B npe-
OblAYyLWMX NccrenoBaHmsaX, NoKasaBLUNX, YTO YyB-
CTBUTENbLHOCTb U CNELUU(UYHOCTL COCTaBNSAOT
cooTBeTCTBEHHO 93—98 1 99—100 % [6, 7].
B panbHenwem ons cepono3nTUBHbIX NNL, BbINOJ-
HAnacb kadecTBeHHas oueHka IgG aHTn-RBD-aH-
TUTEN W KonMyecTBeHHasa oueHka lgG-aHTuten
K nonHopa3mepHomy S-6enky SARS-CoV-2. B aan-
HoW paboTe NpeAcTaBneHbl pesynsraTbl uccneno-
BaHWsi CyMMapHbIX aHTu-RBD-aHTuten.

Llenb HacTosero nccneqoBaHns — OUEHUTb
pacnpocTpaHeHHOCTb aHTuTen kK SARS-CoV-2 B pas-
NINYHBIX BO3PACTHbIX rpynnax HaceneHus Pecny6nu-
kn Benapycb n onpegenntb obLme TeHAEHUMM Mo-
NyNsSiUMOHHOIO UMMYHUTETa HaceneHusi B NepBble
1—1,5 roga ot Ha4ana naHgemun COVID-19.

MaTtepuan um metToahbl

B pamkax npogoribHOro crpatnuumpoBaHHo-
ro no BO3pacTy U3y4yeHus NonynsynoHHOro NMMY-
HUTeTa HaceneHusa Pecnybnukun Bbenapycb
k COVID-19, npoBoanmoro no npotokony BO3 [3],
B COOTBETCTBMU C nNpukazamu MuHuctepctsa
3apaBooxpaHeHus Pecnybnukun Benapycb ot
19.02.2021 Ne 167 ot 31.05.2021 Ne 627 un ot
14.09.2021 Ne 1110 BbINOMAHEHO TpeXaTanHoe uc-
cneposaHue (1-n atan: eBpanb — mapT; 2-1
a3Tan: Mmam — WoHb; 3-1 3Tan: ceHTabpb — OK-
Ta0pb), BKNOYaBLIEee aHKETUPOBAHME U OLEHKY
Hanuuua anTuten Kk SARS-CoV-2 B cbiBOpOTKe
KpOBW.

B nccneposaHue BkntoyeHo obliee HaceneHne
CTpaHbl B Bo3pacTe oT 1 roga oo 75 net u ctap-
Wwe, OTAemNbHY rpynny CoCTaBUNn MeguLMHCKME
paboTHukn. ObLiee HaceneHue 6bino cTpaTudu-
LUMpoBaHO MO BO3pacTy U B COOTBETCTBUW C NpO-
Tokoniom BO3 npeacrtaeBneHo 8 BOo3pacTHbIMU
rpynnamu: 1—9, 10—19, 20—29, 30—39, 40—49,
50—59, 60—69, 70 neT u cTtapuwe. B cBoto ove-
pedb, B oTAeNbHbIE TPyNnbl BblAeNeHbl AeTn OT
1 po 17 net u B3pocrnble 18 neT u cTapLue.

[aHHoe nccnepnoBaHne og00OpeHO 3TUYECKUM
KomutetToMm MrUHUCTEpPCTBa 34paBooxpaHeHmns Pec-
nyénukn benapycb. Habop nuy B uccnegosaHve
OCyLLleCTBNANCA Ha AOOPOBOSbHON OCHOBE, KaX-
ObIM 13 y4acTHUKOB Obina nognucaHa dopma UH-
dopmupoBaHHoro cornacus. K yqactuto npurnaiua-
nnce nuua, nocellarolime npouenypHbole kabuHe-
Thl NOJIMKITMHUK C LIENb0 COA4YN BEHO3HOW KPOBWU
Ha aHanua. Jluua, npuHaBLLKe yyacTue Ha 1-Mm aTa-

ne nccnegoBanus, Obinn NnpurnatueHsl no Tenedo-
Hy 4N yqacTusi Bo 2-M 1 3-M aTanax. Ha kaxgom
aTane nepep 3abopoM KpPOBM MeOULMHCKUM pa-
OOTHMKOM NPOBOAMMIOCH aHKETUPOBAHNE Y4aCTHU-
ka (nMnbo 3aKOHHbIX NpeactaBuTenen pebeHka),
BKIIlOYaBLLEE Kak obLime BOMpOChI, Tak U BOMpPO-
cbl B oTHoweHun COVID-19.

CbiBOpoTKM KpoBu B 06beme 0,5—1,0 mn
B OeHb 3abopa KpOoBM WM Ha criegylowmnin AeHb
ObInn TpaHcnopTupoBaHbl B PHIL anugemnono-
rn N MUKpobuonornm ans NpoBeAeHns nccnego-
BaHusA. ObLLee YnCcno AOCTaBMEHHbIX CbIBOPOTOK
KpoBu coctaBusio 12750: 5243 Ha 1-m 3Tane,
4131 — Ha 2-m, 3376 — Ha 3-Mm.

Hanuyne cymmapHbix (IgM u 1gG) aHTuTen
kK SARS-CoV-2 onpegenann ¢ NnoMOLLbO Kaye-
CTBEHHOW MMMYHOM(EPMEHTHOWN TECT-CUCTEMDI
Wantai SARS-CoV-2 Total Ab (Beijing Wantai
Biological Pharmacy Enterprise, lNekuH, Kutain)
B COOTBETCTBUM C MPOTOKOSIOM MPOU3BOAUTENS.

[MonyyeHHasa U3 aHkeT MHOpPMaLMA U pe3ylb-
TaTbl ccnepgoBaHna aHTuten kK SARS-CoV-2 BBe-
AeHbl B pa3paboTaHHYo A115 3TON LIenn 3NeKTPOH-
Hyto 6a3y AaHHbIX Ha nnaTtdopme Microsoft Access
1 NOABEPrHYTbl aHanuay.

MepBrYHbBIN aHanNn3 nHdopmauun ansa onpeae-
NeHus 06LWNX TEHAESHUMIA NONYNSALMOHHOIO UMMY-
HUTEeTa NPOBOAWMY NO CReayoLMM nokasaTensam:

» bonen (gaTta Hadvana 3aborneBaHus) UnNu He
6onen COVID-19 ¢ Ha4yana naHaemuu;

* nogTeepxaeHue guarHosa COVID-19, k koTo-
pPOMY OTHOCUIK ClyYau, NabopaTopHO NOATBEPKOEH-
Hble ¢ ncnons3osanmem MNLP, MDA, cnyyaun, anuge-
MUOSIOTMYECKM CBSI3aHHblE C ApyrMMm nabopaTopHo
NOATBEPXAEHHBbIM CryvyaeM (Hanpumep, KOHTakT
B CEMbe) NPU Hannunm KrMHUYECKOM KapTUHBI, Xa-
paktepHon ans COVID-19, B oTcyTcTBUM nabopa-
TOPHOro obcrneaoBaHns, a Takke NOATBEPKAEHHbIE
pesynsratamn KomnbtoTepHon Tomorpadum (KT);

* BakumHaumsa npotus COVID-19, gata, Ha3Ba-
HMe BaKLUMHbI;

* pesynbTaTbl UCCreoBaHNs CbIBOPOTOK KPOBM
Ha Hanunyne aHTU-RBD-aHTuTEn k SARS-CoV-2
B MIOA.

Mo pesynbTratam nccregoBaHUSA Ha KaXxaoM u3s
3TanoB paccuyuTbiBanu cnegyloLimne nokasaTenu:

* 0OMNA NWU, NepeHecLUnX CMMNTOMaTUYEeCKUIA
COVID-19, To ecTb yka3aBLUMX B aHKeTe 06 nmes-
Len Mecto MaHndecTHOM nabopaTopHO NoaTBEPX -
OEHHON UHJEeKLMY;

* JONS Cepono3nTUBHbBIX OT Yncna obcnenoBan-
HbIX (TO €CTb CEpONPEBaneHTHOCTb) B UCCIEAYEMOMN
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nonynaumMm B LUEroOM U OTAerbHbIX BO3PaCTHbIX
rpynnax;

* [0OMNS NUL, HE MMEBLUMNX KITMHUYECKUX CUMMTO-
moB COVID-19, cpean cepono3nTUBHbLIX (COrnacHo
npoTokony BO3 — ppakuma 6eccumnToMHO UHGU-
UMpoBaHHbIX [3]) B nccnegyemon nonynsimm B Le-
NIOM W1 OTAENbHbIX BO3PACTHBIX rpynnax.

B oueHKy YacToTbl BCTpE4aeMoCT MaHugecT-
HbIX U1 6eccumToMHbIX hopm COVID-19 cpeau
CEpPOMNO3NUTMBHBIX ObINN BKIIOYEHbI Nuua, He no-
nyyaBsLUMe BaKUMHALMIO 4O HaYarna nccrneaoBaHus
N Ha NPOTSXXEeHMU BCcero nepuoga HabnogeHus.

[na oueHkn OonNu BaKUUMHUPOBAHHLIX cpean
CEepOonoO3NTUBHbIX NUL, BCe 06CnefoBaHHbIe, UMEB-
wne aHTM-RBD-aHTUTENa, GbINM pasgeneHbl Ha
4 rpynnbl B 3aBUCMMOCTWN OT (POPMbI NepeHeceH-
HOWM MHpekummn (MaHngecTHaa nnm 6eccMmnTom-
Hasi) U BakUMHanbHOro cratyca (nonyyan unuv He
nony4an BakuuHy): 1) nepeHec MaHUEECTHYIO
dopmy COVID-19 n He BakuuHUpoBarcs; 2) nepe-
Hec 6eccumnTomMHyto popmy COVID-19 u He Bak-
UMHupoBancs; 3) nepeHec MaHUMECTHYO hopmy
COVID-19 1 BakuuHupoBancs, TO eCTb Nony4un
xoTs 6bl 0QHY 003y BakLMHbl HE MeHee 4yeM 3a
15 cyT OO npoBedeHus uccnegoBaHus; nepeHec
B6eccMMNTOMHYI0 POpMy M BaKLMHUpOBAICS.

[ns onucaTtensHOro aHanusa Ka4ecTBeHHbIX ne-
PEMEHHbIX NPUBOAMMIUCE abCONOTHbIE KOnM4yecTsa
N 4acToThl B rpynnax B Buae npoueHToB (n, %).

[nsa oueHkn TpeHaa B ypOBHE ceponpeBarneHT-
HocTn K SARS-CoV-2 Ha npoTskeHun Tpex aTa-
MoB Ucnonb3oBanu kputepumn Tperaos KoxpaHa —
Apmutnaxa. [Ana BbiABNEHUA HEOAHOPOOHOCTU
KayeCTBEHHbIX Pe3ynbTaTtoB B BO3PACTHbLIX rpyn-
nax no Tpem atanam UCMonb3oBanu Kputepumn
Bpecnoy — [esa. Ecnu rmnotesa ogHOPOAHOCTU
He HapyLanacb, To paccymTbiBanu 0606LeHHyo

XapakTepucTuka uccrnegyemMoun nonynsiLum

OLEHKY OoTHoweHus waHcoB KoxpaHa — MaHTe-
na — XeHsens (CMH-OLL) gns oueHkn pasnuuni
B BO3PACTHbIX rpynnax Ha NpOTsKEHUN BCEro UC-
cneposaHus [8].

CpaBHeHMe NpoLEHTOB B rpynnax NpoBOAMIIM
C MOMOLLbIO KPUTEPUS XM-KBaApAT M TOYHOIO Kpu-
Tepusa duwepa, ecnu AONyLWEHUA KPUTEPUSA XU-
KBagpaTt HapyLlanuchb.

3HaueHue p<0,05 cumTtanu cTaTUCTUYECKN 3Ha-
YUMbIM ANS OKOHYaTEmNbHbIX BbIBOLOB.

O6paboTKy AaHHbLIX NpoBOAMNIACH C MUCMNOSb-
30BaHMeM nporpammMmHoro obecnedeHns R Bepcun
4.1 (R Project for Statistical Computing, http://
www.r-project.org).

PesynbTaTtbl M 06CcyxXxpaeHue

Ha 1-m aTane B nccrieqoBaHuMM NpUHANKN yvac-
Tne 5243 yenoseka: 3769 yenoBek obLlero Hace-
nenus (769 petent n 3000 B3pocnbIx) n 1474 megu-
UMHCKuX paboTHuka. OOLee HaceneHue CTpaHbl
ObINo NpeacTaBneHo XUTenammn Bcex 7 pernoHoB
Pecny6nukn bBenapycb, 6onee 80 % MeanuUMHCKNX
paboTHUKOB ObINK U3 . MuHcka n MuHckon obnac-
™ (Tabn. 1). MegnaHa Bo3pacTta OeTCKoro Hacerne-
Hua coctaBuna 9 [6—12] ner, B3pocnoro — 46 [33—
60] net. MegnaHa Bo3pacTta MeauUMHCKMX paboT-
HUKOB cocTaBuna 44 [33—55] roga.

AHanus reHaepHoro coctaBa pecrnoHAeHToB MNo-
Kasar, 4YTo cpeau B3pochbiX U3 00Lero HaceneHus
N cpeon MeguuMHCKMX paboTHUKOB npeobraganu
nuua xeHckoro nona (73,2 n 87,5 % cooTBeTCTBEH-
HO). Cpeaun geten Mansqvku 1 AeBoYKM Bbinuv npes-
CTaBfeHbl MPUMEPHO B PaBHOM COOTHOLLEHWU
(52,7 % — manbunkn, 47,7 % — DEBOYKN).

N3 2049 yenoBek, yka3aBLUNX B aHKeTe nepe-
HeceHHbI cumnTomatmdeckun COVID-19, y 1153
(56,3 %) ouarHos nogteepxaeH MUP, y 482

Tabnuya 1

O6Liee HaceneHne
MokasaTtenb MepuumHckne paboTHUKM
B3pocrble aetu
Bospacr, net 46 [33—60] 9 [6—12] 44 [33—55]
Mon:
MY>X. 803 (26,8 %) 402 (52,3 %) 184 (12,5 %)
KEH. 2197 (73,2 %) 367 (47,7 %) 1290 (87,5 %)
O6nacTb:
BpecTtckas 438 (14,6 %) 108 (14 %) 62 (4,2 %)
BuTebckas 349 (11,6 %) 95 (12,4 %) 80 (5,4 %)
Fomenbckas 480 (16 %) 115 (15,0 %) 100 (6,8 %)
"popgHeHckasn 326 (10,9 %) 74 (9,6 %) 3 (0,2 %)
r. MuHck 634 (21,1 %) 192 (25 %) 1017 (69 %)
MuHckas 452 (15,1 %) 113 (14,7 %) 203 (13,8 %)
Morunesckas 321 (10,7 %) 72 (9,4 %) 9 (0,6 %)
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(23,5 %) — NUP n N®A, y 376 (18,4 %) — UDA, ny (p<0,001) (Tabn. 2). B uenom no ctpaHe mexay
22 (1,0 %) vmenu anuaemuoriornyeckyto cessb  1-M 1 3-m aTanamm mccnefoBaHUs yBenuveHve
¢ nabopaTopHO MOATBEPXAEHHLIM cnyyaem, gnsg  coctasuno 18,2 % (95 % OU (15,9—20,5 %)).
16 (0,8 %) yenoBek AnarHo3 ycTaHOBIIEH Ha OC- Cpeoun meanumnHcKnx paboTHUKOB Ha 1-Mm aTa-
HoBaHMM gaHHbIX KT. ne aHTn-RBD-aHTuTENa K SARS-CoV-2 ObInu Bbl-
Ha 2-m atane B uccnegoBaHuy npuHan ydactue  aenedbl y 1047 (71,0 %) n3 1474 npuHaBLUMX y4a-
4131 venosek (78,9 % OT NpUHABLUMX y4acTMe Ha CTWe B UccrnegoBaHuu, Ha 2-m aTane — y 1047
1-m atane), Ha 3-m atane — 3376 yenosek (81,7 % (84,5 %) n3 1239, Ha 3-m —y 957 (90,3 %) n3 1060.
OT MNpUHABWMKX Yy4acTue BO 2-m 3Tane Takum obpas3om, Ha Bcex aTanax uccrefoBaHus
n 64,4 % — OT NPUHABLUMX y4acTue Ha 1-m aTane). ceponpeBaneHTHOCTb MeOULUHCKMX paboTHUKOB
Kak nokasanu pesynbratbl UccnegoBaHus aHTu-  Obina B cpegHem Ha 10 % Bhbilwe, 4eM ceponpesa-
RBD-aHtuten Kk SARS-CoV-2, Ha 1-M aTane uc- NeHTHOCTb Yy B3pOChbliX U3 obLlero HaceneHus
crnefoBaHWs ceponpeBaneHTHOCTb obuero Hace-  (p<0,001).

nexus coctasuna 61,4 % (95 % WU (59,8—63,0)) AHanua ceponpeBaneHTHOCTU B pasfnyHbIX BO3-
n konebanacok oT 54,3 0o 63,9 % B pasnunyHbIX pe-  pacTHbIX rpynnax nokasar, YTo BO BCEX aHanmau-
rmoHax, Ha 2-m atane — 72,1 % (95 % AW (70,4—  pyeMbIx rpynnax oHa Takke CTaTUCTUYECKN 3HaYU-

73,7)), o1 69,3 oo 77,3 % B pasnuyHbix permoHax, Mo (p<0,001) Bospactana OT aTana K atany uccre-
Ha 3-M atane — 79,6 % (95 % AW (70,4—73,7)), posaHua (puc. 1). Toneko Ha 1-M 3Tane cepornpe-
07 69,3 00 77,3 % B pasnnyHbIX pernoHax. Boscex  BaneHTHocCTb y v, 70 neT u ctapuue Obina 3Hadummo
pernoHax CTpaHbl CeponpeBaneHTHOCTb CTaTUC-  HWXe, YeM B ApYrvMx BO3pacTHbIX rpynnax (p<0,05).
TMYECKM 3HAYMMO yBenuM4YMBanachb OT 3Tana k 3Ta- Ha nocnegyowmx atanax 3Ha4yMMbIX pasnuyuii

CepoHeraTBHble . CeponosuTreHble
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Puc. 1. CeponpeBaneHTHocTb k RBD S-6enka SARS-CoV-2 B pa3sHbix BO3pacTHbIX rpynnax HaceneHus
Pecnybnuku Benapych Ha Tpex atanax UccregoBaHust
Tabnuuya 2
CeponpeBaneHTHOCTb 06Lero HaceneHus Pecnybnuku Benapycb kK RBD S-6enka SARS-CoV-2
Ha Tpex 3Tanax uccriegoBaHus

1-n atan, 2-14 aTan, 3-11 aTan,
O6nacTtb beBpanb — MapT Mal — WIOHb CEHTSI6pb — OKTSAOpPb
n Cepono3nTUBHbIE n CEepPOno3nNTUBHLIE n CEepono3nTUBHbIE
BpecTtckas 546 348 (63,7 %) 438 310 (70,8 %) 314 251 (79,9 %)
Butebckas 444 282 (63,5 %) 348 251 (72,1 %) 263 217 (82,5 %)
omenbckas 595 380 (63,9 %) 534 413 (77,3 %) 438 366 (83,6 %)
"'pogHeHckas 400 235 (58,8 %) 350 244 (69,7 %) 267 203 (76,0 %)
r. MuHck 826 526 (63,7 %) 547 399 (72,9 %) 436 355 (81,4 %)
MwuHckas 565 333 (58,9 %) 362 251 (69,3 %) 312 240 (76,9 %)
MoruneBckas 393 210 (53,4 %) 313 217 (69,3 %) 286 211 (73,8 %)
Bcero 3769 2314 (61,4 %) 2892 2085 (72,1 %) 2316 1843 (79,6 %)
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B CEpONpeBanieHTHOCTN B BO3PACTHbIX rpynnax He
oTMeYarnoch.

AHan13 nony4eHHbIX AaHHbIX NoKasan, 4To ce-
ponpeBaneHTHOCTb NnonynsaunM popMmmpoBanach
Kak 3a CYET 1L, NepeHecLIMX MaHngeCTHy dop-
My nHdekuunn, To ectb 6onenn COVID-19 cornac-
HO AaHHbIM aHKeTbl, Tak 1 3a c4eT 6ecCMMNTOMHO
MHpMUMPOBaHHbLIX Nuy. CornacHo Nony4YeHHbIM
pesynbtatam, cpeaun nuy B Bo3pacte 30 net
1 cTapLue MaHudecTHble popmbl COVID-19 BeTpe-
Yanucb CyLLECTBEHHO 4alle, Yem cpean nuy 6o-
nee monopgoro Bo3pacta (95 % AN (1,5—2,0);
p <0,001) (tabn. 3).

Onpenenexne dpakunm 6eccMMnToOMHO MHKU-
LMPOBaHHbIX, pacciuTaHHOe B COOTBETCTBUU
¢ npotokoniom BO3 kak gons nuy, He MMEBLUUX

cumnTomoB COVID-19 cpeau ceponosntmsHbIX [3],
nokasano criegytouiee. Bo Bcex BO3pacTHbIX rpyn-
nax HaceneHus Ha BCex dTanax uccrnegoBaHus
dpakunsa 6eccMMnTOMHO MHPULMPOBAHHBLIX Bbina
[0oCTaTo4YHO BbICOKOW M konebanacb ot 39,0 oo
69,4 % (puc. 2). 3ta dppakumsa boina Hanbonee
BbiCOKOM Yy geTten 1—9 net (o1 62,2 o 69,4 %)
N Ha Bcex aTanax uccrieqoBaHus 3Ha4YuMo OTIun-
Yanacb OT TaKOBOW B APYrMx BO3paCTHbIX rpynnax
(95 % On (1,6—2,5); p<0,001).

lMockonbKy Hayano Halwero uccnegoBaHus
npakTU4yeckn cosnano C Hayanom BakuuHaLuuu
npotns COVID-19, aTo Aano BO3MOXHOCTb OLe-
HUTb AMHaMUKy BKNnaga BakuuHauuvM B popMupo-
BaHWe ceponpeBaneHTHOCTN HaceneHus (obwero
HaceneHns n MeguMuUMHCKUX paboTHUKOB) OT aTana

MaHudecTHbIn COVID . BecccumnTomHbin COVID
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Puc. 2. ®pakuns 6eccMMnTOMHO MHULMPOBAHHBLIX CPean CepPONO3UTUBHBLIX ML
B pa3HbIX BO3PACTHbLIX rpynnax Ha Tpex atTanax unccnenoBaHuns
Ta6nuuya 3

YacToTa BCcTpeyaeMocTun MaHU(eCTHbIX U 6eccMMTOMHBLIX hopm COVID-19 y cepono3nTMBHLIX NUL,

B Bo3pacTte 1—29 net u 30 neTt 1 ctaplie

1-1 atan 2-1 aTan 3-1 atan Kpute-
BospacTHas MaHu- 6eccumn- MaHu- 6eccumn- MaHw- 6eccumn- pui
rpynna decTHbIN TOMHBbIN decTHbIN TOMHBbI decTHbIN TOMHBbI TPEH-
COVID COVID COVID COVID COVID COVID AoB, p
349 473 289 428 227 378
1—29 ner (42,5 %) 575%) | 403%) | (69.7%) | 375%) | 625%) | <909
30 ner v cTapue 866 626 709 659 644 594 0.001
(58,0 %) (42,0 %) (51,8 %) (48,2 %) (52,0 %) (48,0 %) ’
Ol 30 net 1,9 (1,6—2,2) 1,6 (1,3—1,9) 1.8 (1,5—2,2)
u cTaplLue NpoTuB
1—29 nert
Ol (95 % An)
Kputepuin 0,424
reTeporeHHoCTH, p
CMH-OLW
(95 % On), 1,8 (1,5—2,0)
p p<0,001
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K aTany nccnenoBaHns cpeam N, cneayoLwmx Ye-
ThIpexX rpynmn, nmetoLmx aHtutena Kk SARS-CoV-2:
nepeHecnu maHmdgecTtHyto popmy COVID-19 n He
BaKUMHMPOBaHbI; nepeHecnv 6eccMMnTomHyto op-
MY MHGEKUMM N HE BaKUMHMPOBAHbLI, NepeHecnu
MaHWECTHY0 OPMY 1 BaKLIMHUPOBAHbI; NepeHec-
nm 6eccMMNTOMHY0 (POPMY U BakLIMHUPOBAHbI.

Kak nokasanu pesynsrartbl aHanusa, Ha 1-m aTa-
ne wuccrnenoBaHUsl CEPONO3UTUBHLIE nNuLa
B OCHOBHOM ObInn npefcTaBfeHbl NepeHecLumMmm
MaHndecTHY nmbo 6eccMmnToMHyto popmy
COVID-19. Cpeau obLuero B3pocrioro HaceneHus
ux gonga coctaenana 96,7 % (54,5 % — maHude-
cTHasa dopma, 42,2 % — beccumnTomHas), cpe-
an mMeauuuHckmx paboTHukoe — 85,5 %
(65,2 % — maHudecTtHaa dopma, 20,3 % — bec-
CUMMTOMHas).

Ot atana k aTany 4ons BakUMHUPOBAHHbIX NLY
cpeau cepono3uTUMBHbBIX Bo3pacTtana (puc. 3).
K 3-my aTany y obLiero B3pocroro HaceneHusi oHa
yBenuumnaceb o 48,7 % (26,1 % — BakumHupo-
BaHHble, paHee nepeHecluMe 6ecCUMNTOMHbIN
COVID-19, 22,6 % — BakuMHMpPOBaHHbIE, paHee
nepeHeclume cumntomatmyecknin COVID-19), B To
BPEMSs Kak Ha 1-M aTane oHa cocTaBnsna TOsfbKo
3,3 %. Cpean meanumnHCKMx paboTHMKOB A0NS
BaKLUMHMPOBAHHbIX Cpean Cepono3nMTUBHBLIX Ha
BCEX 3Tanax uccrneaoBaHus Obina 3Ha4YMMo Bbille,
yeMm cpeaun obuwero B3pOCNOro HaceneHus:
Ha 1-m aTtane 14,4 % npotuB 3,3 %, Ha 2-M —

BeccumntomHbin COVID

MaHndecTHbIn COVID

49,6 % npoTtus 31,6 %, Ha 3-M — 63,3 % npoTuB
48,7 % (p<0,001).

B npoBeaeHHOM uUccneaoBaHum ceponpeBasneHT-
HocTb HaceneHus kK SARS-CoV-2 oueHuBanu no
Hanuumio aHtuten Kk RBD-yyacTtky S-6enka atoro
BMpYyca. Kak npaBuio, MMeHHO aHTuTena K S-6enky
nccnenyrTes 4N OUEeHKM NonynsaumoHHOro UMMmy-
HUTEeTa. OTOT Benok sABnseTca Hanbonee NMMYHO-
FEHHbIM, NPENMYLLIECTBEHHO K HEMY aHTUTena Bbl-
pabaTbiBaloTCa y BCex nepeboneBwmnx, a Takke
Y BaKUMHMPOBAHHbIX fOObIM TUMOM BaKUMHbI. M3y-
YeHne ceponpeBaneHTHOCTM BO3MOXKHO 1 HA OCHO-
BaHWM pe3ynbTaToB OUeHKn aHTuTen k N-6enky
SARS-CoV-2. C yyeToM TOro, YTo NpOAOIPKMUTENb-
HOCTb coxpaHeHus aHTuTen k N-6enky HeBenuvka
[9], Takme nccrenoBaHUsA NO3BOMSKOT ONpenenvTb
gonto nuuy, nepeboneswmnx COVID-19 oTHocuTeNb-
HO HeaaBHO. B ngeane npoBeaeHue nccneaoBaHns
C onpegeneHnem aHtTuTen kK obonm 6enkam aBns-
eTcs Hanbonee MHPOPMATUBHBIM.

PesynbTraTbl HalWMX UCCreqoBaHUin, NpoBeaeH-
HbIX B MOSTHOM COOTBETCTBUM C npoTokoriom BO3
1 C MCNonb3oBaHNeM pekoMeHaoBaHHbIX BO3 TecT-
cucTeM, nokasanu, YTo yxxe Yyepes 1 rog nocne Ha-
yana naHgemun COVID-19 B koHue deBpans —
Hauyane mapta 2021 r. 61,4 % (95 % OW (59,8—
63,0)) HaceneHusa Pecnybnuku Benapych B Bo3pa-
cte 1—70 neTt u cTapwe uMMenu aHtTutena
k RBD-yuacTtky S-6enka SARS-CoV-2. B npouec-
ce AuHamuyeckoro HabnwogeHusa c despans

. EeCCMMnTOMHbIVI COVID MaHudecTHbIn COVID

He BakuuHMpoBaH He BaKkumHupoBaH aKUMHUPOBaH BakuuHupoBaH
% B3pocnoe HaceneHue MeapaboTHUKM
100 +
11 10
20
31 24
75 . 42
27
504 65
55
25
| N
1-n aTan 2-11 aTan 3-1 atan 1-n aTan 2-1 aTan 3-1 atan
(n=1833) (n=1641) (n=1470) (n=1047) (n=1047) (n=957)

Puc. 3. Jonsa nuy ¢ pasnnyHbIM BakUMHarbHLIM CTaTycoM M POPMOIN NepeHeCeHHON NHAeKUnn
cpean Cepono3vTMBHBIX MWL, HA TPeX dTanax uccnenoBaHus
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no okTaAbpb 2021 r. ceponpeBaneHTHOCTbL Hacene-
Husa yBenuuunacb 8o 79,6 % (95 % OW (77,9—
81,2)).

B 2021 r. B Pecnybnuke benapycb B COBMECT-
Hom ¢ Poccuiickon ®egepaumen Hay4yHOM Mpoek-
Te OblNo BLINOMHEHO elle OOHO uccrnegoBaHue
nonynsumoHHoro nmmyHuteta k COVID-19, B ko-
TOPOM Yy BCEX BKIMOYEHHbIX B UCCNEeAOBaHME nuy,
npoBoAMNach KONMMYECTBEHHAs! OLEeHKa aHTUTen
k N-6enky, a y BaKUMHMPOBAHHbLIX — €eLle 1 Kaye-
CTBeHHasa oueHka aHTu-RBD-aHTuTen [10]. Kak
rnokasanu pesyrnbsTaTbl, YPOBEHb pacrnpoCcTpaHeH-
HocTu aHTuTen Kk N-6enky SARS-CoV-2 cpeau
HaceneHnda Benapycu B mae 2021 r. coctaBun
38,4 % (95 % OW (37,6—45,4)). Taknum obpasom,
pesynbTaTthl, NonyyeHHble B Pecnybnuke bena-
pyCb, KOpPpPenupyT C gaHHbIMWU OPYrux CTpaH
N NOATBEPXKOAKT, YTO CeponpeBasneHTHOCTb Ha-
cenenuns K N-6enky SARS-CoV-2 aBnsieTcs cylue-
CTBEHHO 6oree HU3KoW, YeM K S-6ernky.

Cepoanugemuornormiyeckune nccnegoBaHus
B OTHOLUEHUW MHAeKUMK, BbidBaHHON SARS-CoV-2,
ObINK NpoBeAeHbl M NPOBOAATCA BO MHOIMMX CTpa-
Hax mupa. W ecnu paboTbl, BbINOMHEHHbIE
B Havarne pasBuTMa NaHAeMuu, AEMOHCTPUPOBa-
NN HU3KWUIA YPOBEHb NOMNYNALUMOHHOIO MMMYHUTE-
Ta, TO pesynbrathbl uccregoBannin 2021—2022 rr.
yXe NnokasblBalT CyLeCTBEHHO 6onee BbICOKUI
€ro YypoBeHb, B HEKOTOPbIX CTpaHax 4OCTUraloLLuin
90 % w Gonee.

O630p pesynbTaTtoB MCCregoBaHUMn, onyonmko-
BaHHbIX 3a nepuog ¢ 1 aHBaps no 12 aerycta 2020 T,
BKNtovarowmin 15 pernoHos mupa n 118 297 obene-
AOBaHHbIX NUL, CBUAETENBLCTBYET O TOM, YTO YpO-
BEHb CepornpeBaneHTHOCTU B 8 uccnegoBaHusix
Bapbuposan ot 1 go 10 %, B 5 6bin meHee 1 %
n B 4, kacarowmxcsa Hambonee cunbLHO NocTpagas-
wmx ot COVID-19 pernoHos ([aHrensrta, 'epmaHus;
CeBepo-3anagHbiin paH; ByaHoc-Anpec, ApreHTu-
Ha; CTokronbMm, LLiBeums), oH 6bin 6onee 10 %. Pac-
yeTHas pacnpocTpaHeHHoCTb aHTuTen Kk SARS-
CoV-2 6bina B 0,56—717 pas Bbllwe, YeM Konnye-
CTBO 3apermcTpMpoBaHHbIX KyMYMSATUBHbIX Cryya-
eB 3abonesaHuda. CormacHo peaynbTatam
MONOBWHbI UCCNEL0BaHUNA, AaHHbIE U3YYeHus ce-
pornpeBaneHTHOCTM cBuaeTenbLCcTBoBanu o bonee
yeMm B 10 pa3 6onbluemM KonM4ecTBe Cry4yaeB UH-
duumpoBanns SARS-CoV-2, yeM KymynaTuBHoe
4YUCIO 3aperncTpupoBaHHbIX criydaes [11].

NccnepoBaHue KpoBu OOHOPOB B PyMbiHUK
B nepuog ¢ 8 uonsa no 1 ceHtabps 2020 r. BbIABK-
no antutena kK SARS-CoV-2 y 1,5 % 13 Hux. Ye-

pe3 1 rog (mapt — wutoHb 2021 r.) aHTUTENa
k N-6enky 66111 obHapyxeHbl y 45 % xuTtenen 3a-
nagHon PymbiHnn [12, 13].

CoBokynHasa ceponpeBaneHTHOCTb HaceneHus
K SARS-CoV-2 B NHaumn 3a nepuog ¢ 1 mapta
2020 r. no 11 aerycta 2021 r. coctaBuna 20,7 %
(95 % W (16,1—25,3)) B nepuopg nepsBon anvae-
Muyeckon BonHel COVID-19 (95 % OW (16,1—
25,3)) 1 69,2 % (95 % OWN (64,5—73,8)) — B ne-
pvoa BTOPOW annaeMmn4eckon BOSHbI. Bo Bpems
nepBoOW BOSTHbI CEPONPEBANEHTHOCTb He pasnuya-
nacb B BO3pacCTHbIX rpynnax, Torga kak BO BpeMs
BTOPOW OHa yBernu4yMBanachb ¢ BO3pacTom u bbina
HECKOJbKO BbILLIE Y XXEHLLMH. Bo Bpemsi 06emnx BosnH
OHa Oblna BbiLUe B ropofax, YeM B CENIbCKON MeCT-
HocTwn [14].

Hawe nccnegoBaHme nokasano BbICOKUIA BKNas
6eCcCcMMNTOMHO UHUUMPOBAHHLIX NN B CEpo-
npeBaneHTHOCTb nonynauun. Ppakuua Geccnmn-
TOMHO MHPULMPOBAHHbIX NIUL, CPeAn CEPONO3NTMB-
HbIx cocTasnana ot 39,0 oo 69,4 % B pasHbIX BO3-
pacTHbIX rpynnax HacerneHus n Obina Hanbonee
BbicOKkON cpeaun pgeten 1—9 net (oT 62,2 %
Ha 1-m aTane o 69,4 % — Ha 3-Mm) 1 N1y B Bo3pa-
cte 10—19 net (o1 54,7 0o 60,0 %). 3T gaHHble
CBUOETENLCTBYIOT O TOM, YTO AeTH, ABnasch bec-
CMMNTOMHbIMW HOCUTENSIMU BUPYCa, BHECNN CyLLe-
CTBEHHbIN BKNag B pa3sutue naHgemun COVID-19,
HECMOTpsi Ha TO, YTO MaHUdECTHble OPMbIl UH-
heKkuMn y HUX pPErncTpupoBasnmncb CyLeCTBEHHO
pexe, YeM y B3pOCHbIX.

O BbICOKOM YpOBHE 6ECCMMNTOMHO UHPULMPO-
BaHHbIX MWL, CBUOETENbCTBYIOT U pe3ynbraThbl ApY-
rmx nccrneposarenen [15, 16]. Tak, cuctemaTtunyec-
Knii 0630p onyGnNMKoBaHHbIX AaHHbIX NOKasars, 4To
B 14 uccnegoBaHUAX NOYTM TPU YETBEPTU Nny,
C nonoxuteneHbIiM L P-TecToM He nmenun cumn-
TOMOB Ha MOMEHT TECTUPOBaHUSA U OCTaBanucb
oeccumnToMHbIMW. Hanbonee pokasaTernbHble
AaHHble nonyyYyeHbl U3 obLeHauoHanbHbIX pe-
Npe3eHTaTUBHbLIX CEPONTIOMMYECKNX UCCreaoBaHNIA
B AHrnum (n = 365 104) n Ucnanum (n = 61 075),
4YTO MO3BOMSET NMPEANONOXNUTb, YTO MO KpamHen
Mepe ofHa TpeTb MHAEKUUNA, Bbi3BaHHbIX SARS-
CoV-2, npotekaeT 6eccumnTomHo [15].

MeguumHckne paboTHMKM B cuiy npodeccum
UMEIOT BbICOKME pUckn nHduumposaHma COVID-19,
CYLLLEeCTBEHHO MpeBbiwaroLwmne obLenonynsayunoH-
Hble [16]. Hawe uccnegoBaHne Takke nokasano
BbICOKYIO CTENeHb BOBMEYEHHOCTU MeOULMNHCKUX
paboTHMKOB B anngemunyeckuin nporecc COVID-19.
Ye Ha nepBbIX 3Tanax uccrnegoBaHus y NuL, 3Tomn
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npodpeccun oTMeyarncs BbICOKUMIN YPOBEHb CEPO-
npesaneHTHocTn K SARS-CoV-2 [17]. Mo wnTtory
BbIMOMTHEHUS UCCNeaoBaHMUA ceponpeBaneHT-
HOCTb Cpean MeguLMHCKMX paboTHUKOB Ha Kax-
JOM 13 3TanoB NpeBblIllana ceponpeBaneHTHOCTb
obLero B3pocnoro HaceneHus crpaxbl Ha 10 %.

HecomHeHHo, Ha obLnii ypoBEHb ceponpeBa-
neHTHocTn k COVID-19 noBnusano BHeApeHNe Bak-
UMHauun npoTtue aton nHdekuun. C yBenmyeHu-
€M oxBaTa BakuuMHauuen n peBakuMHauuen yse-
nuymBanacb ceponpeBaneHTHOCTb HaceneHus.
Kak cBmaeTenbCTBYET aHanu3 AaHHbIX nuteparTy-
pbl, yxxe B Mae 2021 . ceponpesaneHTHocTb B CLUA
3a CYeT NOCTMHMEKLUNOHHOIO U NOCTBaKLUWHamNb-
Horo mmmyHuteTta coctasuna 83,3 % (95 % OU
(82,9—83,7)) [18].

Hauvano Hawero nccnegoBaHua npakTUdeckn
COBMarno ¢ Ha4yanom BHeLpeHWs BakLMHaLMm Npo-
TmB COVID-19 B cTpaHe. CornacHo oduunans-
HbIM gaHHbIM, Ha 15.03.2021 oxBaT BaKkUMHaALU-
en coctaBun 0,22 %, Ha 15.10.2021 — 26,11 %.
lMpoBeAeHHbINn aHannM3 cepono3NTUBHBIX B OTHO-
weHnn SARS-CoV-2 nuy nokasan, Yto Ha 1-m aTa-
ne nuccrnegoBaHnsa 0onsS BakUMHUPOBAHHbBIX cpe-
Oun obliero B3pOCnoro HaceneHus cocraBuna
3,3 %, cpean MeauUUHCKUX pabOTHUKOB —
14,4 %. K KOHUY nccrnepoBaHusa Oons BaKLUHK-
POBaHHbIX NUL, Cpean Cepono3nTUBHBIX CyLle-
CTBEHHO yBenuuunacs n coctasuna 48,1 n 63,3 %
COOTBETCTBEHHO. MoNyyYyeHHblIe HaMW AaHHble OT-
nuyarTca oT ouLManbHbIX AaHHbIX MO OXBaTy
BaKUMHaLMen no ABYM npuynHam. Bo-nepBbix,
NPoLEHT OxBaTa BakLMHaLMEN B CTpaHe paccyun-
TbiIBAeTCH Ha BCe HacerneHue, nognexallee Bak-
uMHaumu. B gaHHomn paboTe NnpoLeHT Bknaaa Bak-
UMHaLMN paccunTbiBanca Ha cepono3UTUBHbLIX
nuy,. Mpn pacyeTe Ha BCHO Uccnegyemyro nomny-
nauunio oH 6ygeT 6onee HM3KMM. B TO e Bpems
Mbl HE MOXEM MCKMNIOYNTb, YTO MOMyYeHHbIE AaH-
Hble MO BKNagy BakuMHaUMW B CEpOnpeBaneHT-
HOCTb, PABHO KaK MU JaHHble NO YPOBHK CEPOMNO-
3UTUMBHbIX NUL B nonynauyuu, Moryt ObiTb
HECKOSbKO 3aBblLLEHbI, MOCKONbKY Habop >kena-
FOLUX MPUHATL y4acTUe B UCCIeA0BaHNN OCyLLe-
CTBNANCS cpean nuu, NOCETUBLUNX NOSTUKITUHUKA
C Uenbio coayun KpoBM Ha aHanms. PekoHBanec-
ueHTel COVID-19, a Takke nuua, HegaBHO Nosny-
YMBLUME BaKLMHaALMIO MNPOTMB 3TOWN UHEKUNN,
nmenn 6onee BbICOKMIA YPOBEHb MOTMBaLUK
K yyacTuio B nccnegosaHum, 4TOo MOro NpuBoO-
OUTb K HEKoeMy cMeLLeHnto BblGopkn. Kak nsee-
CTHO, Nnboe nonynsauNoOHHOE nccnegoBaHue

nMeeT CBOM OrpaHUYeHns, KOoTopble MOTyT Hakna-
OblBaTb OTNeYaToK Ha MOfyYeHHble pesynbTaThl
N OOMKHbI YYUTbIBATLCS NPU UX MHTEpNpeTaunm.

Takum obpasom, pesynbTaTbhl NPOBEAEHHOIO
NpPOAOSMbHOrO (TPExXaTanHoro) 3akpbiTOro cTpa-
TMPUUNPOBAHHOIO MO BO3pACTY NOMYNALMOHHO-
ro uccrieqoBaHus, OXBaTUBLLENO BCE PeruvoHbl
CTpaHbl, BHECNM BKMag B NOHMMaHWE anuaemu-
onorun COVID-19 B pecnybnuke B nepsble 1—
1,5 roga passutna naHgemuun. boin nokasad
BbICOKMI YPOBEHb CEpOnpeBanieHTHOCTU Hace-
nexHuss k RBD-yvacTtky S-6enka SARS-CoV-2
y)Xe Ha 1-M aTane uccnegoBaHus (deBpanb —
mapt 2021 r.), coctaBuBLunin 61,4 %, 1 ero panos-
HEeNLWmnh pocT KO 2-My 1 3-My 3Tanam uccneno-
BaHuA (72,1 n 79,6 % cootBeTcTBEHHO). Cepon-
peBaneHTHOCTb CTaTUCTUYECKM 3HAaYUMO yBENU-
yunacb OT 3Tana K atany BO BCEX permoHax ctpa-
Hbl 1 BO BCEX BO3PACTHbIX rpynnax HaceneHus,
a y MeguuUUHCKMX paboTHMKOB Ha Bcex aTanax
nccnepnosaHus 6eina Ha 10 % Bbiwe, Yem y Apy-
roro B3pocrioro HaceneHus. CeponpeBarneHT-
HOCTb nonynsummn bopMmupoBarnach kak 3a cyeT
nuu, nepeHecLnx MaHngecTHy opMy NHGEK-
ummn, Tak U 3a cyeT nepeHeclwmx 6eccuMnTom-
Hyto nHdekumto. Y nuy B Bodpacte 30 neT v ctap-
we MaHudgecTHble bopmbl COVID-19 BcTpeva-
NUCb CYLLECTBEHHO Yalle, Yyem y nuy 6onee mo-
noporo Bo3pacta. ®pakuma 6ecCUMnTOMHO
NMHULMPOBaHHbIX cocTaensna ot 39,0 0o 69,4 %
B pasHbIX BO3PacCTHbIX rpynnax HacerneHus Ha
pasHbiX dTanax uccnegosaHust U Gelna Hanbo-
nee BbICOKOW Yy OeTeun, YTo NoATBepxaaeT ux
3HauYMMYyto ponb B pasBUTUM NnaHgemuun. NokasaH
BKNag BakuuHauuu B hopMMpoBaHue ceponpe-
BaneHTHOCTW y B3pocrbix. [lons BakUMHMPOBaH-
HbIX NUL, cpean cepono3nTUBHbBIX Bo3pacTana oT
3Tana K aTany uccnegoBaHusa M Ha 3-m aTane
coctaBsuna 63,3 % y MmeanumHcknx paboTHUKOB,
48,1 % — y OApyroro B3pOCroro HaceneHus pec-
nye6nuku.

KoHTakTHasa nHdopmaums:

Camorinosuy EneHa OneroBHa — A. M. H., npodeccop,
3aB. nabopaTopuei BakLMHOyMNpaBnsieMblX UHPEKLNNA.
PHIML, snuaemuonorun n mukpobuonormu.

Yn. dunumoHoBa 23, 220114, r. MUHcK.
Cn. ten. +375 17 320-88-99.

YyacTtue aBTOpOB:

KoHuenuusa u amsaiid uccnegosanus: E. O. C., A. M. ., H. O. K.,
NWHT,BUWT,AMAO NAK,AAT

Cb6op u obpaboTka matepuana: A. M. [., B. 1. K, A. O. M,

M. A E,T.B.C.

Hanucanwe tekcta: E. O. C.,, B. . K,, M. A. E.
Pepaktuposanue: E. O. C., B. J1. K, M. A. E., O. B. K.

KoHhnuKT MHTepecoB oTCyTCTBYET.



3[PABOOXPAHEHWE. HEALTHCARE 12/2022

24 OpraHusauma 3apaBoOXpaHEeHUA, TMrMeHa u anugemMuorsnorusa

NWTEPATYPA

1. WHO. Novel coronavirus (2019-nCoV) situation report 5.
Available at: https://www.who.int/docs/default-source/
coronaviruse/situation-reports/20200125-sitrep-5-2019-
ncov.pdf?sfvrsn=429b143d_8.

2. Dashkevich A. M., Kolomiets N. D., Vysotskaya V. S. et al.
Current epidemiological situation of COVID-19 in the
Republic of Belarus: characteristics of the epidemic process,
sanitary and anti-epidemic measures. 2022 medRXxiv.
Available at: https://www.medrxiv.org/content/10.1101/
2022.03.10.22271815v1__doi: https://doi.org/10.1101/
2022.03.10.22271815

3. WHO. Population-based age-stratified sero-
epidemiological investigation protocol for coronavirus 2019
(COVID-19) infection. 26 May 2020. Available at: https:/
www.who.int/publications/i/item/WHO-2019-nCoV-
Seroepidemiology-2020.2.

4. Nemira A., Adeniyi A. E., Gasich E. L. et al. SARS-
CoV-2 transmission dynamics in Belarus in 2020 revealed
by genomic and incidence data analysis. Commun. Med.
2021, 1: 31. https://doi.org/10.1038/s43856-021-00031-1
2021.

5. lacuy E. J1., Bynda K. FO., [Jpo3d A. M. u dp. lNpumeHe-
HUe co8peMeHHbIX mexHoro2ull 011 MOMeKysipHO-2eHemu-
4YecKo20 crexeHus 3a pacrnpocmpaHeHuem 8o3byoumernsi
Ho80U KopoHasupycHol uHgpekyuu SARS-CoV-2 u npozHo-
3a paszsumus anudemuu COVID-19. Buonozuyeckas 6e3o-
nacHocmb Pecnybnuku benapycb: HayuoHasnbHble UHMe-
peckbl, yepo3sbl, cmpameauyeckue HarnpasneHusi obecriede-
HUSI, OUEeHKa COCMOSIHUSA: mp. Hayd.-rpakm. KoH., MuHck, 8
Oek. 2021 e. Hosocmu meduko-buonoaudeckux Hayk. 2021;
4: 76—84.

6. GeurtsvanKessel C. H., Okba N., Igloi Z. et al. An
evaluation of COVID-19 serological assays informs future
diagnostics and exposure assessment. Nat. Commun. 2020;
11: 3436. https://doi.org/10.1038/s41467-020-17317-y.

7. Caini S., Bellerba F.,, Corso F. et al. Meta-analysis of
diagnostic performance of serological tests for SARS-CoV-2
antibodies up to 25 April 2020 and public health implications.
Eurosurveillance. 2020; 25(23): 2000980.

8. Agresti A. Categorical data analysis. John Wiley & Sons;
2003.734 p.

9. Fenwick C., Croxatto A., Coste A. T. et al. Changes in
SARS-CoV-2 spike versus nucleoprotein antibody responses
impact the estimates of infections in population-based
seroprevalence studies. J. Virol. 2021; 95(3): e01828-20.
https://doi.org/10.1128/ JVI.01828—20.

10. lonosa A. 0., TapaceHko A. A., CmoneHckul B. fO.
u 0p. KonnekmusgHbill ummyHumem k SARS-CoV-2 Hacene-
Husi Pecnybrniuku benapycb 6 ycriosusix naHdemuu COVID-19.
UHpekyusa u ummyHumem. 2021; 11(5): 887—904. https://
doi.org/10.15789/2220-7619-HIT-1798.

11. Byambasuren O., Dobler C. C., Bell K. et al.
Comparison of seroprevalence of SARS-CoV-2 infections
with cumulative and imputed COVID-19 cases: systematic
review. PloS One. 2021; 16(4): e0248946.

12. Olariu T. R., Lighezan R., Ursoniu S. et al.
Seroprevalence of SARS-CoV-2 antibodies in 2115 blood
donors from Romania. Clin. Microbiol. Infect. 2021; 27(5):
817-19.

13. Olariu T. R., Craciun A. C., Vlad D. C. et al. SARS-
CoV-2 Seroprevalence in Western Romania, March to June
2021. Medicina. 2021; 58(1): 35.

14. Jahan N., Brahma A., Kumar M. S. et al.
Seroprevalence of IgG antibodies against SARS-CoV-2 in
India, March 2020 to August 2021: a systematic review and
meta-analysis. Int. J. Infect. Dis. 2022; 116: 59—67.

15. Oran D. P, Topol, E. J. Prevalence of asymptomatic
SARS-CoV-2 infection: a narrative review. Ann. Intern. Med.
2020; 173(5): 362—7.

16. Tsitsilonis O. E., Paraskevis D., Lianidou E. et al.
SARS-CoV-2 infection is asymptomatic in nearly half of adults
with robust anti-spike protein receptor-binding domain
antibody response. Vaccines. 2021; 9(3): 207.

17. Nguyen L. H., Drew D. A., Graham M. S. et al. Risk of
COVID-19 among front-line health-care workers and the
general community: a prospective cohort study. The Lancet
Public Health. 2020; 5 (9): 475—83.

18. Camoltinosuy E. O., [Jawkesuy A. M., KonnookuHa B. J1.
u 0p. CeponpesaneHmHocmb kK SARS-CoV-2 y meduyuHc-
Kux pabomHukog e. MuHcka u MuHckol obracmu e repeoll
rnonosuHe 2021 2oda. MeduyuHckue Hosocmu. 2021; 11:
39—42.

REFERENCES

1. WHO. Novel coronavirus (2019-nCoV) situation report 5.
Available at: https://www.who.int/docs/default-source/
coronaviruse/situation-reports/20200125-sitrep-5-2019-
ncov.pdf?sfvrsn=429b143d_8.

2. Dashkevich A. M., Kolomiets N. D., Vysotskaya V. S. et al.
Current epidemiological situation of COVID-19 in the
Republic of Belarus: characteristics of the epidemic process,
sanitary and anti-epidemic measures. 2022 medRXxiv.
Available at: https://www.medrxiv.org/content/10.1101/
2022.03.10.22271815v1__doi: https://doi.org/10.1101/
2022.03.10.22271815

3. WHO. Population-based age-stratified sero-
epidemiological investigation protocol for coronavirus 2019
(COVID-19) infection. 26 May 2020. Available at: https:/
www.who.int/publications/i/item/WHO-2019-nCoV-
Seroepidemiology-2020.2.

4. Nemira A., Adeniyi A. E., Gasich E. L. et al. SARS-
CoV-2 transmission dynamics in Belarus in 2020 revealed
by genomic and incidence data analysis. Commun. Med.
2021; 1: 31. https://doi.org/10.1038/s43856-021-00031-1
2021.

5. Gasich E. L., Bulda K. Yu., Drozd A. M. i dr. Application
of modern technologies for molecular and epidemiological
tracking of the distribution of the causator of new coronaviral
infection SARS-Cov-2 and forecasting the development of
the COVID-19 epidemic. Procedures of the International
Scientific Conference «Biological Security of the Republic of
Belarus: National Interests, Threats, Strategic Directions of
Support, Assessment of the Condition», December 8, 2021,
Minsk, Republic of Belarus. Novosti mediko-biologicheskih
nauk. 2021; 4: 76—84. [(in Russian)]

6. GeurtsvanKessel C. H., Okba N., Igloi Z. et al. An
evaluation of COVID-19 serological assays informs future
diagnostics and exposure assessment. Nat. Commun. 2020;
11: 3436. https://doi.org/10.1038/s41467-020-17317-y.

7. Caini S., Bellerba F., Corso F. et al. Meta-analysis of
diagnostic performance of serological tests for SARS-CoV-2
antibodies up to 25 April 2020 and public health implications.
Eurosurveillance. 2020; 25(23): 2000980.

8. Agresti A. Categorical data analysis. John Wiley & Sons;
2003.734 p.



3[PABOOXPAHEHWE. HEALTHCARE 12/2022

OpraHuaauMﬂ 3ApaBooxXpaHeHusd, rMrmneHa M anmgemMmumorsiormsa 25

9. Fenwick C., Croxatto A., Coste A. T. et al. Changes in
SARS-CoV-2 spike versus nucleoprotein antibody responses
impact the estimates of infections in population-based
seroprevalence studies. J. Virol. 2021; 95(3): e01828-20.
https://doi.org/10.1128/ JVI.01828—20.

10. Popova A. Yu., Tarasenko A. A., Smolenskiy V. Yu.
i dr. Herd immunity to SARS-CoV-2 among the population
of the Republic of Belarus amid the COVID-19 pandemic.
Infekciya i immunitet. 2021; 11(5): 887—904. [(in
Russian)]

11. Byambasuren O., Dobler C. C., Bell K. et al.
Comparison of seroprevalence of SARS-CoV-2 infections
with cumulative and imputed COVID-19 cases: systematic
review. PloS One. 2021; 16(4): e0248946.

12. Olariu T. R., Lighezan R., Ursoniu S. et al.
Seroprevalence of SARS-CoV-2 antibodies in 2115 blood
donors from Romania. Clin. Microbiol. Infect. 2021; 27(5):
817-19.

13. Olariu T. R., Craciun A. C., Vlad D. C. et al. SARS-
CoV-2 Seroprevalence in Western Romania, March to June
2021. Medicina. 2021; 58(1): 35.

14. Jahan N., Brahma A., Kumar M. S. et al.
Seroprevalence of IgG antibodies against SARS-CoV-2 in
India, March 2020 to August 2021: a systematic review and
meta-analysis. Int. J. Infect. Dis. 2022; 116: 59—67.

15. Oran D. P, Topol, E. J. Prevalence of asymptomatic
SARS-CoV-2 infection: a narrative review. Ann. Intern. Med.
2020; 173(5): 362—7.

16. Tsitsilonis O. E., Paraskevis D., Lianidou E. et al.
SARS-CoV-2 infection is asymptomatic in nearly half of adults
with robust anti-spike protein receptor-binding domain
antibody response. Vaccines. 2021; 9(3): 207.

17/ Nguyen L. H., Drew D. A., Graham M. S. et al. Risk of
COVID-19 among front-line health-care workers and the
general community: a prospective cohort study. The Lancet
Public Health. 2020; 5 (9): 475—83.

18. Samoylovich E. O., Dashkevich A. M., Kolodkina V. L.
i dr. Seroprevalence to SARS-CoV-2 in healthcare workers
in Minsk and Minsk region in the first half of 2021. Medicinskie
novosti. 2021; 11: 39—42. [(in Russian)]

Mocmynuna 11.04.2022.
lpuHama k neyamu 27.05.2022.



3[PABOOXPAHEHWE. HEALTHCARE 12/2022

26

OpraHusauvm 3A4paBooXpaHeHuUsa, rMrTMeHa U anungemMmuoriorus ‘

B. ®. EPEMWH, ®. H. KAPMEHKO

SARS-COV-2: KNTACCUPUKALINA, BAPUAHTBI U MYTALIMW. COOBLLIEHUE 2

PHML TpaHcdysmonorum n megnumnHckux 6uotexHonormin, Munck, benapycb

Cmambsi nocesiuyeHa MOJEeKyIsipHO-eeHemu4eckol xapakmepucmuke naHoemu4eckoz2o KopoHasupyca SARS-CoV-2,
npedcmasneHsl 0aHHbIE M0 UUPKYyIuposaswuM sapuaHmam supyca U MymauyusiM pe3ucmeHmHOCMU, 8bisi8riseMblM
Yy HUX, @ makxe ceedeHusi 06 aghchekmusHOCMU 8aKUUH 8 OMHOWEHUU pa3sHbIX 8apuaHmMos supyca.

Knroyesbie cnoga: SARS-CoV-2, sapuaHmebl, cekgeHuUpogaHue, Mymauyuu, 8aKYUHbI.

The article is devoted to the molecular genetic characteristics of the pandemic coronavirus SARS-CoV-2, presents data
on the circulating variants of the virus and detected resistance mutations, as well as information on the effectiveness of

vaccines against different variants of the virus.

Key words: SARS-CoV-2, variants, sequencing, mutations, vaccines.
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SARS-CoV-2: CLASSIFICATION, VARIANTS AND MUTATIONS. MESSAGE 2

V. F. Eremin, F. N. Karpenko

B Hauane gekabps 2019 r. B cpeauHHOM KuTan-
CKOW NpOBMHUMK Xy0Bal cTanu pasBuBaTbCA aMNn-
Aemuyeckne cobbiTns, CBSAI3aHHble C HOBbIM KO-
pPOHaBUPYCOM, CMOCOGHbLIM BbI3biBaTb y Ntoaen
Tskenble (BNMoTb A0 NeTanbHbIX) NePBUYHbIE BU-
pYCHble NHEBMOHMW. [epBbIi Criydan Takom NHEB-
MOHUK Obin ouLunanbHO 3aperncTpupoBaH
B I. YxaHb 08.12.2019. Yxe 30.12.2019 megnumH-
CKOe ynpaBrieHue ropofAcKOro KomuteTa 34paBo-
OXpaHEHUS YXaHs BbINYCTUMO «CPOYHOE YBEOOM-
neHne 0 NOSIBNEHUM MHEBMOHUM HESICHON 3TUOMO-
rmn». 03.01.2020 BcemupHas opraHusaums sgpa-
BooxpaHeHus (BO3) o6bsaBuna o 44 3abonesLumnx,
n3 kotopbix 27 (61,4%) nocewanun pbiGHbINA phbl-
HOK YxaHs, rae npogaBanocb 6onblioe Konuye-
CTBO AMKMX XUBOTHbIX. 07.01.2020 nsonupoBaH-
HbI 3TUONOrMYecKkUin areHT 3aboneBaHns Obin
NoeHTMULUMPOBaH Kak npeacraBuTenb cemen-
ctBa Coronaviridae v nony4mn BpeMeHHoe 0003Ha-
yeHne 2019-nCoV (novel coronavirus 2019).
12.01.2020 ObIy1 aHOHCMPOBaAH MOJTHOPA3MEPHbIN
reHOM HOBOrO KOPOHaBUPYCca, YTO NO3BOMWIIO NpK-
cTynuTb K paspabotke OT-IMUP Tect-cuctem
N reHHO-NHXEHepHbIX NpenapaTtoB. 3abonesaHue,
cBsizaHHoe ¢ 2019-nCoV, nony4uno HasBaHue
COVID-2019 (Coronavirus Disease 2019).

OOuHHaAUaTUMUNIIMOHHBIV T. YXaHb ABMSETCS
cTonuuen oaHom 13 Hamboree ryCToHaceneHHbIX K-
TancKknx NpoBuHUMIA (60 MNH Yenosek, 323 yen/km?)
C pa3BUTOW CUCTEMOW TPAHCMOPTHOIO COOBLLEHNS,
noaTomy anugemus 6bICTPO pas3BMBanachb B anu-
ueHTpe (npoBuHuun Xy63i) n conpoBoXxaanach
60NbINM KONUYECTBOM 3aBO3HbIX Cly4YaeB Kak
B Apyrue npoBuHuun Kutas, Tak n B gpyrmue crpa-

Hbl. Yxe k 30.01.2020 KomuTeT no 4YpesBblHaniHbIM
cutyaumam BO3 o6baBun anuagemMmumyeckyio
BCMbIWKY B NpoBUHUUKM XyO3N, BbI3BAHHYHO
2019-nCoV, upesBbIvaiHOM cuTyauuen B obnactu
0o0LLEeCTBEHHOro 34paBOOXPaHEHNS, UMEIOLLEN
mMexayHapoaHoe 3HaveHue. ObLias netanbHOCTb
no mupy coctasuna 2,2 % (170/7818), BHe Ku-
Tad — 0,0 % (0/82) (B 18 cTpaHax); k 29.02.2020 —
3,4 % (2924/85403) n 1,4 % (86/6009) (B 53 Tpa-
Hax) COOTBETCTBEHHO. HEroToBHOCTb MHOIMMUX
CTpaH Mupa K NPOBEAEHUIO CTOSb XKECTKUX NPOTU-
BO3NNOEMUYECKUX MEPONPUATUNA, Kakme ocyLle-
ctBun Kutam, npuBeno Kk paspactaHuio anngemun
B NMonHoMacLTabHyo naHaeMuio.

B HacToswee BpemMs BUPYC BbISBMEH
B 226 cTpaHax mupa, npu 3ToM pacnpeneneHune
3aboneBaemMoCcT U NeTanbHOCTU B pasHbIX reo-
rpadu4ecknx permoHax n cTpaHax CUsibHO pasnu-
yaetcs. Mo cocTtoaHMo Ha 15.06.2022 obuias 3a-
boneBaemocTb 3TON MHekunen coctaBuna 6o-
nee 536,6 MnH 4Yernogek, NpuM 3TOM BO BCEM MUpE
3apeructpupoBaHo 6onee 6,3 mnH (1,2 %) noa-
TBEpPXOEHHbIX criydyaeB cmepTu [1].

OnNUuUeHTpbl NaHgeMnn B HacTosiLee Bpems
cocpenoTo4veHbl B CeepHo u KOxHon Amepu-
ke, EBpone n A3uu, rae 3aperncTpmpoBaHHas 3a-
boneBaemMocTb cocTaBngeT donee 170 MIH,
145 mnH n 6onee 120 MNH crny4yaeB COOTBET-
ctBeHHO (BOS, 2022). C To4YkM 3peHus netanb-
HocTu CLUA n Bpasunus sienstotcsa Haubonee no-
cTpagaBwumm cTpaHamn B CeBepHon n HOxxHOWM
Amepuke, B TO BpeMs kak Benukobputanus, Nta-
nusa, PpaHuna n N'epmaHus EMOHCTPUPYIOT
CTOMb Xe MpayHyl KapTuHy B EBpone. MHaus,
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Poccusa n paH Takke BXxogaT B YACNO TEX CTPaH,
KOTOpble CUbHO NocTpaganu B rnobansHomM mac-
wrabe (BOS, 2022). B CoegunHeHHbIX WTaTax
6b1n0 3aperncTpupoBaHo 6onee 85 MnH criyvyaes
(camblin BbICOKMI ypoBeHb 3aboneBaemocTi)
¢ netansHocTtblo 1 011 925 yenosek. 310 camas
BbICOKas neTanbHOCTb U3 BCEX CTPaH, O KOTOPbIX
coobuanock Ao cux nop. o nokasartenam ne-
TanbHocTM no ctpaHam 3a CLA cnepytoT bpa-
3unusa (668 354), Mekcuka (325 242), Konymbus
(139 894) n ApreHTtuHa (128 994). Cpeam pasnuu-
HbIX €BPOMENCKMUX CTPaH, CUITbHO NoCcTpagaBLUnX
OT NaHgemuun, camas BblCOKas neTtanbHOCTb 3a-
pernctpuposaHa B CoeguHeHHom KoponescTse
(180 030), pmanee cneaytT Wtanuna (167 505),
®paHuunsa (149 937) n Nepmanung (140 026).
B Asuu no konuyectBy cmepTen oT COVID-19 nu-
anpyeT UHans (524 792), 3a Hewn cnepnyeT VpaH
(141 353). B Poccuu 3aperectpupoBaHo
372 452 netanbHbix ncxopa. C Hayana ceHTH6-
ps 2022 r. BO MHOrMX cTpaHax mupa 3abonesae-
mMocTb SARS-CoV-2 cTana pactn BbICOKUMU TEM-
namu. 3710 BbINI0 0COBEHHO akTyaribHO AN MHO-
rMX eBPONENCKNX CTpaH, rae exenHeBHO pernct-
pupoBarnocb okono 280 000 HoBbIX cnyyaeB
3aborneBaHns Npu CKPOMHOM 3HAYeHUN npumep-
Ho 30 000 ewwe B KoHUe aBrycta 2020 r. Ewe xya-
Wwas cuTyaums Habnoganack B 370 Bpems B CLUA
n Apyrnx ctpaHax AMepuKku No CpaBHEHWUIO C ca-
MbIMW HU3KUMUW 3HaYeHusMu (okono 65 000) B aB-
rycte 2020 r. 310 6bINK TPETHA U YeTBEPTas BON-
Hbl KOPOHaBUPYCHON WHMEKUNN, 0COBEHHO 3TO
KacaeTcs eBpOnencKnx CTpaH, rae nocne 3Hayu-
TerNbHOro CHWXEHWS Y1Cria HOBbIX Cry4aes NeToM
2021 r. cHATUE KapaHTMHa NPMBESIO K OFPOMHOMY
BCnsiecky 3abonesaemMocTu. [1oaToMy npaBuTesb-
CTBa MPUHANU pelnTenNbHble Mepbl, SKBUBANeHT-
Hble NepBOHavyanbHbLIM MepaMm, NPUHATLIM BO Bpe-
MS NepBOM U BTOPOW BOSH UHMPEKL K.

MossuBwnecs sapuaHTel SARS-CoV-2 6binn
OTHECEHbI K pasnunyHbIM KaTeropusmM AaHHOro BU-
pyca. MexsegomctBeHHasa rpynna (SIG) MuHu-
cTtepcTBa 3gpaBooxpaHeHms CLUA n coumanbHbIx
cnyx6 (HHS) ans nyywen koopanHaumm paboTsl
Mexay pasnuyHbiMM BEOOMCTBaMU U areHTCcTBa-
mu CLLUA aKkTMBHO cnegut 1 xapaktepusyeT BO3-
HUKaloLLMe BapuaHTbl BUpYCa.

BapuaHTbl, cBA3aHHbIe C MOBbLILWEHHON TpaHC-
MUCCUBHOCTBIO UMN CHUXXEHHOW HenTpanuaaumen
BMpYyCa aHTUTENaMu unu gpyrumn sugamm neve-
HWUS, KnaccuuumpyoTca Kak npegcrasnsowme
nHTepec BapuaHTtbl (VOI — variants of interest).

BapuaHTbl C HOBbIMW MyTauUUsIMU, OTBETCTBEH-
HbIMW 32 NOBbLILIEHHY0 TPAHCMUCCUBHOCTb, TH-
XeCTb TeyeHus 3abonesaHusi, CBA3aHHYO C yBe-
NMYEeHVEM cryvyaeB rocnutTanusauumn unu cCMepTu,
LUMPOKOe pacnpocTpaHeHue, TpebytoLee yny4lue-
HUS MMEKLWNXCA ANArHOCTUYECKUX METOLO0B
N CHWXeHne 3PPEKTUBHOCTN LOCTYMNHbIX BaKUWH
UM METOAOB JeYEeHUs, KrnaccuuumpyoTca Kak
BbI3blBatoLLme 03aboveHHoCTb BapuaHTbl (VOC —
variants of concern) [16].

B cBA3wu ¢ BbIcOKMM pacnpocTpaHeHneM SARS-
CoV-2 B Mype 1 OTCYyTCTBUEM CTaHOAPTU3NPOBAH-
HON cucTeMbl 0603HaYeHUs HOBbIX BapuMaHTOB
BMpYCa pa3HbIMV KOMaHA4aMn 1 areHTCTBaMM ObInn
co34aHbl pasnnyHble CUCTEMbl HOMEHKNATYpbI.
MmobanbHasa vHMUMaTMBa No oOMeHy AaHHbIMK
o rpunne (GISAID — Global Initiative on Sharing All
Infuenza Data), NextStrain n ®dunoreHetnyeckas
NPUHaANexHoCcTb 0603HaYeHHbIX rnobanbHbIX
Bcnblwek (Pango) cospanu Havbonee npuemne-
Mble 0603Ha4YeHus BapmaHToB SARS-CoV-2, Ko-
TOpble NCMOMb3YITCA HAay4YHbIM COOOLLECTBOM BO
BceM mupe [17]. Cuctema GISAID npocTta u ngeh-
TMULMPYET KPYMNHbIE KNagbl, XapakTepuaytoLme-
CSl OCHOBHbIMW MyTauUsSMK MO OTHOLLUEHMIO K 3Ta-
noHHomy reHomy Bupyca WIV04 (mgeHTudmkaum-
OHHbIN HOomep B GenBank: MN996528.1), HO pe-
KYPPEeHTHble, napannesnbHble 1 obpaTHble MyTauum
B reHOMe BupycCa NPUBENN K PaCXOXAEHUSM
B onpegeneHun nuHuin [18]. Ytobbl npeogoneTb
aTy npobnemy, NextStrain paspaboTtana cucremy,
NCNosb3yHLLYI0 (PUNoreHeTuyeckun u punogunHa-
MUYECKUI aHanu3 Ans BbIIBNEHUS 3BOMOLMOHHO
cTabunbHbIX KNagoB n cybknagos [18]. OgHaxabl
NOEHTUPULNPOBAHHbIN KNnag CBA3bIBAOT C rO40M
nosiBfeHns B KavyecTtBe npedukca, 3a KOTOpbIM
cnepgyet 6ykBa, o603HavaroLwwasa NnopsiaokK, B KOTO-
pom krag 6bin naeHTnduumuposaH (Hanpumep, 19A
OTHOCUTCA K 1-M NUHUN Nepefayn BbIABNEHHOMO
c2019r.).

Pango — 310 AgnHamun4yeckasi cuctema, OCHO-
BaHHas He TOMbKO Ha 3BOMIOLUMOHHbBIX OTHOLUEHU-
X, HO TaKKe NpMHUMaloLLas BO BHUMaHue anvae-
MMWOMOrMYeckyo 3HaummocTb NuHumM [18—20]. Co-
rMacHoO 3TOM CUCTEME Kaxdoe UMS NIUHWUK COCTO-
UT U3 andaBuUTHOrO npegukca U YNCNoBOro
cyhukca, pasgeneHHbix Npo6enom nnm TOYKOn
[21]. AndaBuTHbIN Npedukc obo3HavaeT poau-
TEeNbCKY NuHUI. [oka ngeHTMduumMpoBaHbl gBe
OCHOBHbIE NIUHMMW, @ UMEHHO NUHUSA A, KOTOpas
npefcTaBrieHa nocrnegoBaTeNbHOCTBIO BMpyca
Wuhan/WHO04/2020 (nageHTudukaTop goctyna
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kK GISAID: EPI_ISL_406801), nmetoLLas Te xe 2 Hyk-
neotuga B nonoxenuax 8782 B ORF1ab n 28144
B ORF8, kak n kopoHaBupyc neTy4ymx Mbilen
RmMYNO2 n RaTG13, n nuHua B, BknoyvatoLlas
BapuaHTbl SARS-CoV-2, y KOTOpbIX OTNnyarTcs
HYKNeoTuabl OT NIMHUK A B @aHaNorM4HbIx Nomnoxe-
HUAX N onNpeaensarTca NocneaoBaTeNIbHOCTLIO
kopoHasupyca Wuhan-Hu-1 (ngeHTudukalmoH-
HbI HoMep GenBank: MH908947.3)[19, 21]. Liudp-
poBol cydukc o3HavyaeT NopsaoK, B KOTOPOM
NOTOMKM NIUHMM ObINIM MOEHTUULNPOBAHbI, TOrga
Kak Kaxgbln npoben o3HavyaeT «MOTOMOK OT»
N UCMONb3yeTCHa B Cryyae, Koraa MOXHO YeTKO
noeHTUUUMpoOBaTbh HOBOro NOTOMKa nuHuK [21].
Hanpumep, B.1.617.1 aBndetcsa 1-m No MMeHu no-
TOMKOM oOT B.1.617 1, B CBOIO ouyepenb, ABnseTcs
617-M N0 UMeHn NoToMKOM NuHMM B.1 n T. . geH-
TMULMPOBAHO HECKOMBKO MUHOPHbIX JIMHUIA, 060-
3HayeHHbIX kak C 1 D, HO oHM B HacTosLee Bpe-
MS LLMPKYNUPYIOT fiokanbHo [17].

BapwuaHTtbl nuHuin B.1.526, B.1.526.1, B.1.527
n P.2 knaccudpuuupytotca no kateropum VOI,
a Bupyc BapuaHTtoB B.1.1.7, B.1.351, B.1.427,
B.1.429, B.1.617 v nuHum P.1 Obln1 OTHECEH K Ka-
Teropuun VOC [16]. Bupycehl, nepekpbiBatoLine Bce
aTpubyTtel VOC, ¢ HOBbIMM MyTaunsaMK, BEAYLLN-
MM K CYLLIECTBEHHOMY CHWKEHWNIO 3 EKTUBHOCTU
BakuuH, 6onblueMy KOnuyecTBy CriydyaeB Npopbl-
Ba BaKUMH WU CHWXEHMUIO YyBCTBUTENBHOCTU KO
MHOIMM paspeLUeHHbIM AN 9KCTPEHHOro UCNOSb-
30BaHNA TepaneBTUYECKMM cpeactBam, OyayT
OTHECEHbl K BapuaHTam TaXernblX NocrneacTBum
(VOHC — variant of high consequence). K HacTos-
LLieMy BpeMEHN, OAHaKO, HU OOUH HOBbIN BapuaHT
SARS-CoV-2 He cooTBeTcTBYET Kpntepmam VOHC
[16]. CocTosiBueecsa B utoHe 2021 1. nog armaomn
BO3 u gpyrux areHTCTB NO 34paBOOXPaAHEHUIO
coBellaHne 3KCnepToB MPeanoXuno MCnosnb3o-
BaTb NPOCTON rpeveckuin andasut gns obosHa-
yeHus BapmaHtoB VOC u VOI [22]. B HacToswee
Bpems BapuanTel VOC B.1.1.7, B.1.351, B.1.1.28
n B.1.617.2 o6o3HavatoTCs Kak anbda, 6eTa, ram-
Ma u genbta COOTBETCTBEHHO, B TO BpeMs Kak
BapuaHTbl VOI, Takme kak B.1.417/B.1.419, nome-
yeHbl Kak ancunoH, B.1.525 — kak aTa,
B.1.617.1, — kaKk kanna n 1. a. [22].

BakuMHbI U NPOTUBOBUPYCHbIE Npenaparhbl
B 6opb6e ¢ SARS-CoV-2

MpoTUBOBUPYCHbIE NpenapaTbl U UMMyHOTepa-
nusi B HacTosiLLee BpPeMs SBMSIOTCS OCHOBHbIMM
neyebHo-NpodmnakTuieckuMm nogxogamu, uc-

nonb3yowmmmucs ana nedenna COVID-19. K pas-
paboTke BaKUWH pasHble pupmMbl NpUCTynunu
BCKOpe nocrie Havana pacnpocTpaHeHus Bupyca,
n B HacToswee Bpemsa 6onee 330 BakUMH-KaHON-
AaToB MPOXOAAT KIMHUYECKne UcnbliTaHnsa nmbo
BHeApeHbl B NpakTuky [23]. 17 BakumH nony4unu
paspeLleHve HaunoHanbHbIX perynmpyoLmx opra-
HoB gns European University Association (EUA)
1 BCcero 6 BakunH — paspelueHne BO3 Ha ncnone-
3oBaHue [24]. B HacTosLee BpeMs NMPUMEHSIOTCH
pasHble noaxoAbl AN pas3paboTku BakuMH Mpo-
TMB SARS-CoV-2. CyLllecTBYIOT BaKUMHbI Ha OC-
HOBE WHAKTMBUPOBAHHbLIX BUPYCOB, BaKUWHbI Ha
OCHOBE a[leHOBUPYCHbIX BEKTOPOB, BaKUUHbI Ha
ocHoBe HykneuHobix kucnot (AHK/PHK) n 6en-
KoBble cybbeAMHUYHble BaKUWHbI. BakuyunHbl
BNT162b2 (Pfzer/BioNTech) n mPHK-1273
(Moderna/NIH) — mPHKoBble BakLmMHbI, 0006peH-
Hble Ansa npodunakTnkm nHpekumn SARS-CoV-2
[25]. O6e atn BakumHbl cogepxat PHK ¢ mogu-
duumpoBaHHbIMU Hykneosmnaamu (MogPHK), koTo-
pas GroKMpyeT KOAUPYEMbIA NOSTHOPA3MEPHbIN
BUPYCHbIN S-6enok [26]. TpaguumoHHas cTpare-
sl pa3paboTku BaKLMH BKMOYAET MHaKTMBaLMIO
BMpYyca NnyTeMm [e3aKkTuBauun ero reHeTu4eckoro
mMaTepuarna, Ucnonb3ys XMmMmyeckue BelLecTBa,
Takve kak 6eTa-nponnonakToH, hopmManuH u ap.
BakuuHbl «CuHodgapm» (BBBIBP), CoronaVac,
«KoBakcuH» (BBV152) n gpyrue aBnaioTcA HEMHO-
MmN NpUMepaMyv MHaKTUBUPOBAHHbLIX KOPOHaBU-
pycHbix BakuuH [25]. Oxford/AstraZeneca
(AZD1222/ChAdOx1), Sputnik V, Janssen oT
Johnson & Johnson u nHble NpeacTaBnsaT cobom
HECKONbKO aJeHOBUPYCHbIX BEKTOPHbLIX BaKLMH
(cooepkalmnx reH, KognpyLWwmin S-6enok Kak nm-
MYHOreH), paspaboTaHHble U BHEOPEHHbIE A1 cre-
undunydeckon npocmnaktukn COVID-19 [25].
MosiBneHne HoBbIX BapuaHtoB SARS-CoV-2
B HacCTosLLEE BpeMS ABNAETCS CaMon O0MbLLOW yr-
po30ii cyLlecTBytoLLen rnobanbHOM BakuMHoTepa-
N n 3PdPEKTUBHOCTU BakUMHaALMN NPOTUB LMP-
KyNMPYIOLLMX BapuaHTOB U, COOTBETCTBEHHO, Ce-
pbe3Hon npobnemon Ansa nNpefoTBpaLleHnst 3TON
naHaemuun. Bekope nocne rnobansHoro pacnpocT-
paHeHusa SARS-CoV-2 nHepekunn B 2019 1. paspa-
6oTka TepaneBTUYECKUX CPEeACTB Ha OCHOBE aH-
TUTEN NPOTUB CNAaKOBOro aHTUreHa S crtana npu-
opuUTETOM AR NpefoTBpaLLeHus nepegayun Bupy-
ca. 3aAKOpeHHbIn Ha NOBEpPXHOCTU BUpyca
S-6enok SARS-CoV-2 pacnosHaeTt v B3anMmogen-
cteyet ¢ peuentopom ACE2 (angiotensin
converting enzyme-2), obneryasi npukpenneHme
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N NPOHUKHOBEHME BUpyca B knetky [10—12, 25].
YT06Obl HapyWnTb 3TO B3aMMOAENCTBUE UNU Bbl-
3BaTb KNeToYHble/r'yMopanbHble peakuun y naum-
eHTa, HeobxoAMMbl HerTpanuaylwue aHTuTena
nnu npodpunakTuyeckme cpeacrsa Ha OCHOBE Bak-
umH npotne SARS-CoV-2, paspaboTaHHble B OC-
HOBHOM MNpOTMB S-6enka, orpaHMyMBaroLne npo-
HWKHOBEHME BUpYyCa B KNETKY-XO35IMHA U B KOHEY-
HOM UTOre BUPYCHYIO UH(DEKLIMOHHOCTb UIN ero ne-
penavy [25]. Hentpanuayrowme MOHOKNOHaNbHbIE
aHTuTena (MADb) nnm cmecb aHTUTEN, HaueneHHbIX
npotue S-6ernka, NpeacTaBnsaAlT coO0M OCHOBHOM
Knacc naccvBHOM MMMyHoTepanun npotus SARS-
CoV-2 [13—15]. bonee 50 mAb HaxoasaTcsa Ha pas-
HbIX CTaaMAX KIMHUYECKUX UCTbITAaHUA. YunTbiBas
He[aBHIOK YpesBblvaiHyto cutyaumto no COVID-19,
FDA (YnpaBneHue no caHUTapHOMY Hag3o0py 3a
Ka4eCcTBOM NULLEBLIX NPOAYKTOB N MEANKAMEHTOB)
npepoctasun EUA Heckonbko mAb, BKIHOYasa Kasvpu-
Bumab (casirivimab) (REGN10933), nmgesnmab
(imdevimab) (REGN10987), 6amnaHuBumab
(bamlanivimab) (LY-CoV555) n ateceBumab
(etesevimab) (LyCoV016) u apyrve ona KOHTPONs UH-
dhekumm n ocnoxHeHnn nHdekummn SARS-CoV-2 [27].

OcHoBHble MyTauumu B reHe S SARS-CoV-2

MeToabl MonekynsapHoOm aNaeMmnonorum no3eo-
NAT OTCRAEXMBaTb LUPKYNUpYyoLWmne BapnaHTbl
SARS-CoV-2 1 o4eHb BaxHbl 4151 NOHUMaHWUS du-
rfioreHeTU4EeCKMX OTHOLLEHWIA, MAaTOFEHHOCTU, BUPY-
NEHTHOCTM BUpYCa AN X03aMHa, BUPYCHOro TPo-
nuama n guHamMuKkn nepegayun supyca s mupe. Jln-
HUW HE3ABUCMMO OT TOrO, CoOAepXaT v OHK MyTa-
umun, obwime ansa onpeaeneHHsix nuHnn VOC, nnn
o0HapyXeHbl rnobansHO B MUpe, NogyepknsatoT
TEM caMblM (PEHOMEH KOHBEPreHTHOM 3BOMOLUN
[7, 8]. Hanpumep, nuHna B.1.525 HeceT myTauuio
E484K, obwyto ¢ nuHunen P.1, n mytauun AH69—
V70 n AY144, obwme c nuHuen B.1.1.7. HekoTto-
pble BapuaHTbl SARS-CoV-2 HecyT eUHUYHbIE TO-
yeuHble MyTauun (Tarke onpegenstouime nNUHUK
MyTaLuun), B TO BpeMs Kak HEKOTOPbIE N3 HUX CUTTb-
HO MyTUpOBaHbl, 0briagasi MHOXEeCTBEHHbIMU 3a-
MeHaMu unu geneumsamMu B ux reHome [7].

Onsa nayyeHuna sapnaHtoB SARS-CoV-2, B TOM
yucne BHOBb MOSIBUBLUMXCHA, MyTaUWin B reHoMe
pasHbIX BapuaHTOB, onpefeneHns ux 3HavyeHus,
0e3ycnoBHO, HeO6X0AUMO NMPUMEHATb MOSHO-
reHoMHoe cekBeHupoBaHue. B To e Bpems, yun-
TbiBasg Haumbomnblyl akTyanbHOCTb S-reHa
n RBD-y4yacTka BMpyca, MOXHO NONy4uTb AaHHbIE,
JoCTaTouHble A8 aHannsa MyTaunii U BapuaHToB

SARS-CoV-2. BO3 pekomeHOyeT ucnonb3oBaTb
crnegyrolime napbl NpaMepoB S-yvacTka reHoma
Bupyca UKSARS-CoV-2 BapuaHtoB B.1.1.7
W 10XXHO-adbpukaHckoro BapnaHTta 501Y.V2 (nocne-
posarenbHocth (5-3')):

F44 TCTCTTCTTAGTAAAGGTAGACTT

F46 CCTTCACTGTAGAAAAAGGAATC

F47 TATCAGGCCGGTAGCACAC

R45 CTAACAATAGATTCTGTTGGTTG

R44 GAATAAACTCTGAACTCACTTTCC

R47 CATATGAGTTGTTGACATGTTCAG

R46 TGGAAACCATATGATTGTAAAGG

[Onsa nocnepgyrowen o6paboTkm NOMyYEHHbIX
B pesynbTate CeKBEHUpPOBaHWUsS nocnegoBaTenb-
HOCTEe 1 noucka MyTaLuuin B aHanM3npyeMblx y4ya-
CTKax paspaboTaHbl N UCNONb3YHTCA AOCTYMHbIE
B MHTEPHETE NporpaMmsl, Hanpumep 6as3a gaHHbIX
Stanford University (https://covdb.stanford.edu/
sierra/sars2/by-sequences/). 3arpysmB HyKkneoTua-
Hble nocrnegoBaTenbHOCTN B 3Ty 6a3y AaHHbIX,
MOXXHO MONYYUTb NCHEPNbIBAKOLLME CBEAEHUS O Ba-
puaHTe BMpYyCa, y4acTke, KOTOpbI Bbln CEKBEHU-
pOBaH, AaHHble O HaANU4MWU/OTCYTCTBUU MyTauui
B MHTEPECYIOLLEM HAC yyYacTKe (PUCYHOK).

MyTtauma D614G

OTa MyTaums, Korga acnaparvHoBasi Kucnota
3aMeHsieTCs Ha rMuumH B nonoxeHumn 614 (D614G)
B S-Oernke, BCcTpevanachk peako o mapta 2020 r,,
HO MO3Xe BUPYC C AaHHOW MyTauuen pacnpocTtpa-
HUNCS MO BCEMY MUPY U 3aMeCTun gpyrue, paHee
umpkynuposasLune noatunsl SARS-CoV-2 [3, 28].
OTa 3ameHa conpoBoXgaeTcsa Tpems Opyrumu
MyTaumamm C-Ha-T B nonoxeHumsax 241, 3037
n 14408, koTopble NPMBOOAT K UBMEHEHNAM aMu-
HokucnoT B nonumepase RARp (RNA-dependent
RNA polymerase) [28]. BeicTpo pacnpocTpaHsto-
wuecsa sapuaHTel B.1.1.7 (Benukobputanus),
B.1.1.28 (Bpasunusa) n B.1.351 (KOxHaa Adpuka)
cogepxat myTaumio D614G, nogyepkusas npenmy-
wecTtBo 3aMeHbl D614G B TpaHcMuccumM BUpyca
[3]. BameHa D614 G acMHXPOHHO 3aMeHMNa LWTamm
SARS-CoV-2, nepBoHavyanbHO naeHTUunympo-
BaHHbIN B Kntae, 1 HOBbIV BapuaHT BMpyca cTan
aomuHupytowen gopmort SARS-CoV-2, umpkynu-
pytoLen Bo Bcem mupe [2].

®PyHKLUMOHanNbHas BaxHOCTb MyTauun D614G
NnoAaTBepXXA4aeTcsd HegaBHO ONy6MMKOBaHHbLIMM
cTaTbaMK, nNpeanonaratoWwmmm, YTo BapuaHT
D614G koppenupyeT ¢ BbICOKON BUPYCHOM Harpys-
KOW, HO He C TAXecTblo 3aboneBaHusa [2]. 3Ta 3a-
MeHa BefeT K 6onee BbICOKOW YyBCTBUTENBHOCTM
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Sequence includes following genes:

PANGO lineage:
Spike Variant:
Outbreak.info:

B.1.1.7 (Prob=1.0; pangolin: 4.0.6; pangolin-data: 1.8)
Alpha (0.00%)
B.1.1.7 (n=1,137,763)

nspl « nsp2 + PLpro « nsp4 « 3CLpro « nsp6 * nsp7 * nsp8 « nsp? « nspl0 « RARP « nspl3 + nspl4 + nspl5 « nspl6 « Spike « ORF3a « E @ Pretiy pairwise
* M < ORF6 « ORF7a « ORF7b + ORF8 « N « ORF10

Sequence quality assessment

- ORFlab

NTD RBD

po— |}
gy BL

® Note: Non-NA character(s) "-" were found and removed from the sequence.

NUL DEEN WeLL SLuUIed.

A69-70

%y

NTD deletions at positions 69/70 are present in the Alpha and Omioron VOCs and in the Eta VOI. They are associated with increased virus replicationmlz]. They do not reduce susceptibility to neutralizing mAbs or
convalescent p[asma[i-["][s][s]. This deletion prevents the amplification of one of three genomic segments in a commonly used diagnostic PCR assay, resulting in a phenomenon referred to as S-gene target failure
(SGTF). SGTF has been used as a proxy for the Alpha variant in regions in which this variant co-circulated with other variants lacking this deletion.

e Al144

NTD deletions between positions 141-146 occur in the Alpha and Omicron VOCs and in the Eta VOI. They are associated with resistance to several NTD-binding neutralizing mAbs but do not appear to reduce the

neutralizing activity of plasma from convalescent or vaccinated persons!IFI%L
N501Y

N501Y is an ACE2-binding site RBM mutation present in the Alpha, Beta, Gamma, and Omicron VOCs. N501Y increases ACE2-bindir\gla][g][m][u][u] and increases virus replication in human upper airway celis®”l. N501Y

does not influence the binding and neutralization of most mAbsHI04I
Pfizer/BioNTech BNT162b2, Moderna mRNA-1273, or Novavax NVX-CoV2373 vaccinestILTIEISIAEINS]
A5T0D

CIHIEINS], NSO1Y alone is rarely associated with reduced susceptibility to convalescent plasma[w][q[‘ms] or plasma from persons receiving the

A5T0D is in S1 C-terminal domain mutation present in the Alpha variant. It does not reduce susceptibility to any of the mAbs in advanced clinical development or to plasma from convalescent or vaccinated persons!®.

D614G

D614G began increasing in prevalence in late February 2020 and within several months rose to a global prevalence approximating 100%/2"]. Virus clones containing D614G produce higher levels of replication in
primary human airway cells and in the upper respiratory tracts of hamsters2122/23]. p§14G disrupts one or more interprotomer contacts resulting in a greater likelihood that one or more of the three RBDs are in an

open versus closed position/?I2%. D614G may also be responsible for increasing the number of spike proteins per virion25127] and increasing the rate of S1/52 cleavage!?®]. In some studies, viruses with D614G have
been slightly more susceptible to neutralization by mAbs, convalescent plasma, and plasma from vaccinated persons2I2%] while in other studies they were slightly more resistant to neutralization(2130],

P681H

P681H is proximal to the S1/S2 furin cleavage site. It is present in in the Alpha and Omicron VOCs and Theta VOI and in an increasing number of global lineages.P681R is also present in the Delta VOC and Kappa VOI
and in A.23.1. The increased positive charge associated with both mutations appears to influence virus tropism by increasing S1/52 cleavage in human airway epithelial cellsEHE2[EE]34],

T7161

T7161is an S2 mutation present in the Alpha variant. It does not reduce susceptibility to any of the mAbs in advanced clinical development or to plasma from convalescent or vaccinated personst®..

S982A

6

a — pesynbTraThl aHanM3a HyKneoTMaHbIX nocnegoBartenbHocTen BapuaHTa Alpha SARS-CoV-2, B.1.1.7;
© — mMyTauuu, BbISIBNEHHbIE B aHANM3NPYEMOM Yy4acTKe, U UX 3HAYeHue

BMpYyCa K HENTpanu3aumm no OTHOLLEHUIO K CblBO-
pOTKaM BbI340paBnMBatOLLMX 04EeN U CbIBOPOT-
Kam BaKLMHUPOBAHHbIX Moden, NogYepknBas, Yto
BaKUMHbI, cogepalime acnaparvMHOBYH KUCIOTY
B MonoxeHuun 614, no-npexxHemy dyayT apdekTnBs-
Hbl MPOTUB BapuaHTOB, Hecywmnx 3ameHy D614G
[29]. OanbHenwme nccnegoBaHna nogyepkHynu,
4yTO BUpPYChI, cogepxalwime mytaumo D614G mnu
KOMOUHaUUK MyTauuin, okasanucb bonee MHgek-
LMOHHBIMW, YEM 3TaNOHHbIA WTamMM (M30MAT 13
YxaHg). Kpome Toro, ata MyTauus MOXET BfUATb
Ha rMUKO3MNMpOBaHMNE BUPYCHbIX BENKoB, KOTopble
UrpatoT BaXKHYH pofib BO B3aMMOLEWCTBUN BU-
pyc — xo3suH [2]. MNMpeablayime nccnegoBaHms
Takke npegnonaranu, 4to 3ameHa D614G cnocob-
CTBYET OTKPbLITON KOHopmauumn S-6enka, u, no-
ckonbKy octatok 614 nexwut sHe RBD, ata myTta-
umnsa He nameHsieT adppmHHOCTE S-6ernka K peuen-
Topy ACE2 [2]. Cy6beanHunua S1 nerye guccoum-
npyeT OT BMpyca C OCTAaTKOM acnaparmHoBOMN

KMCIOTbI B nNonoxeHun 614, yem Bupyc, cogepxa-
LA MULUH B NOSNOXEHNN 614, DTO roBOPUT O TOM,
4YTO WKMNOBUAHbLIN 6enok Bupyca, cogepxalmmn
D614, meHee cTtabuneH, yem G614. CnegoBaTenb-
HO, NpefnonaraeTcs, YTo ycuneHme UHEKUNOH-
HOCTK 3amelleHHoro BapuaHTa D614G gaenseTtcs
pes3ynsTatoM MOBbILWEHHON CTabMMbHOCTU S-Tpu-
Mepa, a He nydwero akcnoHuposaHus RBD [3].
Kpome Toro, pacctosiHue mexgy octatkamu ato-
MOB 614 1 647 OCHOBHOM Lenn ykopadmBaeTcs,
JOononHUTENBHO cTabununsnpys C-koHLEeBOW [0-
MeH 6enka [2, 30]. PacwenneHne npoteason no
dyprHOBOMY canTy Habnogaetcs 6onee apdek-
TMBHbIM B BapunaHTe D614G no cpaBHeHUo ¢ ac-
naparmHoBown kucnoton npu 614 [31]. Opyrasa rpyn-
na nccnegosaTenen coobwuna, YTo BapuaHThl,
MMerLme rMmuuUnH B no3numm 614, okasanuch 60-
nee yctonumebiMM K pacLuennexuto [32]. Moatomy
00 CUX NOp HET HMKaKMX BbIBOOOB O TOM, Kak 3a-
MeHa BNUseT Ha pacluenneHve bernka.
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OcTtaTtok 614 HaxoauTca Ha rpaHuue pasgena
cybbeauHny S1 n S2 S-6enka 1 Takum obpasom
HeJOCTYNeH ANA CBA3bIBAHWUS aHTUTEN AN HEeNT-
panusauumn Bupyca, criegoBaTenibHO, Takme Bapu-
aHTbl He BAUSAIOT Ha 3(PEKTUBHOCTb BakUmH [33].
Bnarogaps BHyTpeHHEMY pacnofioXeHuto octat-
ka 614 Takme BapuaHTbl BUpyCca HE UCMONb3YHT-
CA B KayecTBe HenTpanmayLlero anutona Ha
S-6ernke U He BAUAKT Ha 3PEKTUBHOCTb HENT-
panuayoLwmx aHTUTeN nocne BakuMHaLUN BaKLn-
Hamu Ha ocHoBe D614 [34].

MyTtaumna N439K

910 BTOpas Hauvbonee yacTto Habnwgaemas
MyTauus, KoTopas Bnepsble bbina 3aperncTpupo-
BaHa B LloTtnaHann, a no3xe ctana nsBecTtHa kak
nuHua B.1.258, obHapyxeHHas 6onee 4yem
B 30 ctpaHax mupa [35]. CoobLiaeTcs, 4To 3ame-
Ha C-Ha-A (UMCTEeNH Ha anaHuH) Bbl3BaHa TpaHC-
Bepcuen Ha ypoBHE HykneoTnaos. Bupyc ¢ Takon
MyTaumen B 2 pasa 6onee acheKkTMBHO CBA3bIBA-
etca ¢ peuentopom ACE2 [35]. BapuaHTbl SARS-
CoV-2 ¢ mytaumen N439K yknoHATCS OT aHTu-
Terno-onocpefoBaHHOro MMMyHUTETa — OT MADb
(vmaesumaba) 1 NonuKNoHanbHbIX aHTuTen [35].

MyTtauusa N440K

MNMosiBNneHue, B TOM 4ncne NoBTOPHOE, BapuaH-
ToB SARS-COV-2, cBSA3aHHbIX C BbICOKOTpaHC-
MMWUCCUBHBIM (PEHOTUMOM, SIBMSETCS NpeamMeToM
03ab04eHHOCTM OBLLECTBEHHOrO 3apaBOOXpaHe-
HWA, NOCKOSbKY 3TWU BapuaHTbl MOTyT MPUBECTU
K YBENIMYEHUIO YMCrna Criy4yaeB NOBTOPHOro 3apa-
XKeHus, a Takke MOryT HebnaronpuaTHO BNMATb Ha
3 PeKTUBHOCTb BakUMH. [NocneaHne gaHHble CBU-
AEeTENbCTBYIOT O LUMPOKOM pacnpoCTpaHeHUn My-
Taumm N440K (Takke nsBectHon kak B.1.36) B Ba-
pnantax SARS-CoV-2 no Bcemy mupy. beictpoe
yBenm4eHme pacnpocTpaHeHHOCTU BUpyca C My-
Taumen N440K Habntoganock B MapTe u anpene
2021 r., korga 6onbLUNHCTBO criyyaeB Obino 3ape-
rMMCTPUPOBAHO B pasHbix wratax MHgum [36]. Ba-
puaHTbl, Hecylwme myTaumio N440K, Takke BKIto-
yatoT 3ameHy P323L B RARP u mytaumio C64F
B MeMOpaHHOM rmnukonpoTeunHe [36].

MpumeyvaTensbHO, YTO 3Ta 3aMeHa Takke npo-
ABNSAET yCTONYMBOCTb K aHTuTenam C135 n mAb
(nmpeBumaby) [4]. Octatok N440 chopmupyet
CUNbHY BOAOPOAHYH0 cBsA3b ¢ D54 n cnabyto Bo-
OOpOoHY0 cBA3b € ocTaTkamn P52 n R55 aHTu-
Ten C135. OgHako 3ameHa N440K gemoHcTpupy-
eT cnaboe B3anmopaencTemne ¢ octatkom D54, yto

yKasblBaeT Ha BO3MOXHYH NPUYMHY YKIOHEHMS OT
UMMYHUTETA N YCTONYNBOCTb K HENTPANm3yoLLNM
mADb, kak Habnoganock NpyM 6€CCMMNTOMHbIX Cry-
Yasax penHMEKLMM 3TUM MyTaHTOM Y MEOULMHCKNX
paboTHukoB u3 Nugum [37]. Ota myTaumna npuse-
na K NonHoWn notepe cBA3biBaHUS BUpyca mAb
C135, HO coxpaHsanachb HenTpanmaawms MOHOKIO-
HanbHbIMK aHTuTenamm C121 n C144 [38]. beino
nokasaHo, 4to BapmaHTel SARS-CoV-2, Hecylme
3Ty 3aMeHy, Takke obnagarT MoBbILLEHHOW ad-
uHHOCTbIO cBA3bIBaHMs ¢ ACE2 [4]. Beicokas
pacnpoCcTpaHEeHHOCTb 3TOro BapuaHta KopoHaBu-
pyca B lHAMM 1 ero cnocobHOCTb YKNOHEHMS OT
WMMYHHOrO OTBETa JaloT OCHOBaHWe Ans Heobxo-
OUMOCTU JanbHENnLero n3yvyeHms 3Toro BapuaH-
Ta Kak BMpyca, Bbi3blBatowero 03abo4yeHHOCTb
obLueCcTBEHHOro 3gpaBooxpaHeHus. B gpyrom vc-
cnepoBaHMKM coobLLaeTcs, YTO BapuaHT, cogepxa-
wnin 3ameHy N440K, naet 6onee BbICOKME TUTPDI
NHMEKLMNOHHbIX BUPMOHOB [36].

MyTtauunsa Y453F

300HO3Hasa UM 300aHTPOMNOHO3HAasa nepefada
BMpYCa Takke SBNAETCS cepbe3Hon npobrnemon,
BO3HUKLLIEN NOCIEe MexBuaoBon nepegadn SARS-
CoV-2 Hopkam B HugepnaHgax, 4Tto npuBeno
K MacCOBOW BblOPaKOBKE >XMBOTHbLIX Ha NMOpaXeH-
HbIX dpepmax [39]. NpoHUKHOBEHUE BUpYyCca B MNo-
NynsuMo HOPOK CBA3AHO, Kak cYMTaeTcd, ¢ nepu-
OOUYECKUM HakonneHvem mytaumn B ysactke RBD
S-6enka. Bapnant SARS-CoV-2 B.1.298, Ttakke
M3BECTHbIA KaK BapuaHT Knacrtepa 5, BkroyaeT
B obLuen cnoxHoctn 5 mytauun B S-6enke: gene-
umto B nonoxeHmn H69-V70 n 3ameHbl no Y453F,
1692V 1 M1229I [39]. MyTauua Y453F otaensHo unm
B codeTaHuu ¢ geneumen H69-V70 naet BO3MOXK-
HOCTb BUpYCY ObICTPO pennuuupoBaTbCs 40 Bbl-
COKMX TUTPOB U MOXET NPUBECTU K YKIMOHEHUIO OT
pacno3HaBaHUs HENTPANM3YLWLMMN aHTUTENaMM
[39]. Pag nccnenoBaHui 6bin NOCBSALWLEH BO3MOX-
HocTu 3ameHbl Y453F B coepxkmBaHum HLA A24-
PECTPUKTUPOBAHHbLIX LUTOTOKCUYECKMX T-nnmdo-
umtoB (CTL) [6]. BameHa Y453F B coveTaHum
c apyrumu mytaumamn AH69, OV70, 1692V
n M12291 npueoguna K 3Ha4uTeNbHOMY UHIMOMPO-
BaHMWIO NPOHWUKHOBEHNS BUPYCa B KINETKN, YTO, BO3-
MOXHO, OOBSCHSET NPUYUHY ero 6onee HU3KoM adh-
PEKTUBHOCTY Nepeaayn YenoBeky Unmn 6eiCTpoe nc-
Ye3HOBEHME BCKOpe Mocre MNosIBNEHUS B YernoBe-
yeckon nonynsuuu [39]. Kpome Toro, BapuaHThl,
HecyLumne 3Ty MyTauuto, NPosABnAT 60MbLUYIO YyB-
CTBUTENTbHOCTb K MHIMBUPOBAHMIO pacTBOPUMBbIM
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ACE2, Tak kak octaTok Haxoautcsa B RBD-yyact-
ke S-6ernka, a aTa 3aMeHa, Kak M3BECTHO, yBENU-
yuBaeT adpunHocTb cBasbiBaHua ¢ ACE2 [39].
Bonee Hu3kas pacnpocTpaHeHHOCTb 3TOro Bapu-
aHTa B 4ernoBeyveckon nonynaunm npegnonaraer,
4YTO MyTaLUMM-KaHAMAATbI, KaK OXXUOAEeTCH, HE YCu-
nuBatoT nepegadyy supyca [40].

HenTpanuayowmin noteHumnan kasmpmsmmaba
ObIfT 3HAUNTENBHO CHWXKEH M3-3a MyTaumn Y453F.
[oKkymMmeHTanbLHO NOATBEPXAEHO, YTO MMAeBMMab
NMHrMBMpyeT NPOHMKHOBEHME BUPYCA C BbICOKOM
adppekTmBHOCTLIO [39]. Kak 1 oxmnganock, KOK-
TENnb N3 MOHOKITOHAIbHbBIX aHTUTESN Kasnpusnma-
6a n umgesnmaba Gnoknpyet BapuaHTbl SARS-
CoV-2, cogepxalme aTy MyTaumio, 4OCTAaTOUHO
appekTuBHo [39]. N, HaobopoT, 3ameHa Y453F
YMEHbLUMIIa HENTpanNu3auuo Unm MHrMémposaHmne
NPOHWKHOBEHNS BUpYCca MNa3mMon/CbiIBOPOTKON,
NOSIy4eHHON OT BbI3JOPOBEBLUNX NaALUEHTOB
¢ COVID-19 [39].

MyTtauuna A222V

BapwuaHT Alpha B.1.177 (20E.EU1) xapakTtepu-
3yetca 3ameHon A222V. Brnepsble 6bin onucaH
B McnaHun, no3xe ctan pacnpoctpaHeH 6onee
yeM B 65 % Bcex CeKBEHUPOBAHHbLIX FEHOMOB
SARS-CoV-2 B AHrnuu B Hosibpe 2020 r. [41] 3a-
MeHa A222V pacnonoxeHa sganu ot RBD-y4acT-
ka S-6enka, Ho siBnseTca Yacteto NTD, KoTopas,
npeanosioXUTensHO, UrpaeT HENOCPEACTBEHHYO
posfb B CBSA3bIBAHUU C peLenTopoM UNKU CAUSHUK
obornoyek Bupyca u kneTku [42]. 3Ta myTaums xa-
pakTepuayeTcs AONONHUTENbHBIMU HECUHOHUMMWY-
HeiMu myTaumamn, V30L (ORF10), A220V (6enok
N) n L67F (ORF14) [43].

MyTtauma S477N

[daHHaa myTauus pacnpocTpaHeHa B NMHUN
20A.EU2 1 aBnsieTca xapakTepHon Ans BapuaHTa
Mapcenb-4. Bo3HuKNa HE3aBMCUMO Y KOPOHaBUPY-
ca, uupkynuposasLwero B Asctpanuu [44]. Mo-
CKOMbKy MyTauus nokanusosaHa B yyactke RBD,
OHa, Kak coobLLanocb, HEMHOrO yBenuumMBaeT ad-
UHHOCTb cBsA3biBaHua ¢ ACE2-peuentopom
1 BbI3blBAET yMEPEHHOE NOBbIWEHNE NHDEKLNOH-
HocTu [44]. Bonee Toro, 3ameHa B S477N npuagaet
BMPYCY PE3VNCTEHTHOCTb LUMPOKOro CnekTpa K Te-
paneBTUYECKMM CpeAcTBaM Ha OCHOBE aHTUTEnN
1 CbIBOPOTKaM peKkoHBanecLeHToB. [pyrue gonorn-
HUTENbHbIE HECUHOHUMMWYHbBIE MyTauuW, CBA3aH-
Hble ¢ S477N, BkntovatoT M2341 1 A376T B N-6en-
ke; A176S, V767L, K1141R n E1184D — B ORF1b

[44]. Mpwn neyeHnn naumeHTOB He Habnioganochb
CHWKEHWNs1 HENTpanuayoLen akTUBHOCTY Npu ne-
YeHun KasnpuemMMabom 1 nmaesmmabom [45].

MyTtauna S494P

MyTauna npugaet Bupycy 6oree BbICOKoe
CPOACTBO cBA3bIBaHUA ¢ peuentopom ACE2 [46].
OTa 3amMeHa genaet BUpPYC YCKOIb3atoLwmm Bapu-
aHTOM, Bbl3blBalOWNM 3—4-KpaTHOE CHUXeHue
HenTpanusaumm cbiBOPOTKaMU BbI3gOpaBnnBato-
LLNX M CHXKEHME 3p(PEKTUBHOCTU HENTpanum3aLmm
MAT [47, 48]. IHTepecHO, 4YTO cMecb BamnaHmBu-
Maba n aTeceBnmaba HeadheKTMBHA MPOTUB ITON
ycKkonb3aroLen mytaumm [49].

BapuaHTtbl 6ecnokoncTtBa (VOC) SARS-CoV-2

B.1.1.7 (Alpha)

OTa NuHMSA, 0 KOTOPOW BnepBble COOOLMNM
B AHrnuu, B aekabpe 2020 r. 6bina nepeBeaeHa
B kateroputo VOC (VOC 202012/501Y.V1) [16].
OTOT BapuaHT KOpoHaBupyca 3aperucrtpupoBaH
6onee yem B 30 cTpaHax mMupa, HO B OCHOBHOM
B BenukobputaHum, KOxHon Adpuke n bpasunuu
[50]. BapuaHT umeeT 7 HECUHOHUMWUYHBIX MyTaL i
n 3 mytauum B S-6enke [51]. NpumevaTtensHo, 4To
3aMeHa acnaparvHa Ha TMpPO3WH B nosuuumn 501
(N501Y) B RBD-yyacTtke S-6ernka aBnsetcs eauH-
CTBEHHOW MyTauuen, NpensaTCcTBYOLWen B3aMMo-
aencteuto S-6enka ¢ peuentopom ACE2. 3ameHa
npornvHa Ha rMcTUanH B nornoxeHnn 681 (P681H),
HEenoCpeACTBEHHO NPUMbIKAKOLWEro K canuTy pac-
wenneHnsa ypuHa, 3Ha4yMTeNbHO BNUSIET HA WH-
PEKUMOHHOCTb U TPAHCMUCCUBHOCTL 3TOr0 Bapu-
aHTa Bupyca [52]. Oeneuuna HE9-V70 B S-6enke
B NepByl ovepedb cBA3aHa C HeahEKTUBHOC-
Tbl0 COBPEMEHHbIX OMarHOCTUYECKNX METOLOB,
TaKkMX Kak nonMMmepasHas uenHas peakumsi ¢ 0b-
paTHon TpaHckpunuuen (OT-MLUP) B pexnme pe-
anbHOro BpEMEHU 1 METOAOM OBHAPYXXEHMS aHTU-
reHa supyca [50]. Kpome Toro, HegaBHUE HaxXO4Ku
No3BONSAIOT NPEANONoXKUTb, YTO Aeneuns Y144 no-
3BonsieT ob6ontn HenTpanusaumio RBD-cneuundum-
yeckumm mAD, Bknoyag S2M28, S2X28, S2X333
n 4A8 [26, 53].

D614G, V4831, A570D, T716l, S982A,
n D1118H — eLe Heckonbko MyTauuMi, NOKanmso-
BaHHbIX B S-Oernke [54]. Kak nokasanu ganbHen-
Lre nccrefoBaHus, Npu 3apaxeHun 3TMM BapuaH-
ToM SARS-CoV-2 He usameHsnachb TSXKeCTb Teye-
HMs 6onesHu, HO YPOBEHb CMEPTHOCTU YBENNYMIT-
cq Ha 35 %, a YacTtoTa NOBTOPHOrO 3apaxeHus
6bina Ha 0,7 % BbiLe NO CPABHEHUIO C 3TANIOHHBIM
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wtammom [55, 56]. YMecTHO no aTum HabnogeHu-
SIM OLleHMBaTb BapuaHT Kak 6onee MHEKLMOHHbIN
C npegnonaraemMbiM BbICOKUM YPOBHEM pPenpoayK-
unmn okono 90 %, YTO roBOPUT O TOM, YTO ftOaMm,
MHULUPOBAHHbIE OaHHbIM BapuaHToMm, Gonee
3apasHbl, YeM MHULNPOBaAHHLIE NIOOLIM OPYrvM
N3 paHee LMpKynMpoBaBLUKX [57]. OToT BapuaHT
XapaKkTepm3oBarncs BbICOKON CKOPOCTbIO nepena-
4n (okono 43—90 %), HO TsKeCTb TedeHus 3abo-
neBaHus Y MHPULMPOBAHHbLIX HE n3MeHunacs [58].
Bupyc okasanca 4yBCTBUTENbHLIM K 06paboTke
CbIBOPOTKaMun nepeboneBnx n BakLMHUPOBAH-
HbIX, YTO ObINIO NOKA3aHO MO CHWXKEHUIO ero TUT-
POB, 1 B TO & BpPeMsi BUPYC OKasarncs 4yBCTBU-
TenbHbIM K BakUuMHaMm [59]. 3ToT BapuaHT Bupyca
pedpakTepeH K HenTpanusaumm mAb, Haueneh-
HbiM Ha NTD-y4acTok S-6ernka, B TO e BpeMsi He
ObINIO 3HAYMTENBHOIO CHXKEHUST 3P EKTUBHOCTH
HenTpanusauum aHTuTenamu, paspaboTaHHbIMK
n HaueneHHbiMn nNpoTns RBD-yyactka S-6enka
[23]. Kak 6b1r10 nokasaHo, aktTuBHOCTb 2 mADb (910-
30 n S309) us 12, HaueneHHbix Ha RBD-y4acTok,
Oblna 3ameTHO cHKeHa [60]. BakuuHbl (kak Pfizer,
Tak 1 Moderna) okasanucb cTorb xe 3deKTUB-
HbIMW, KaK B OTHOLUEHWWN 3TaNOHHOIO U30Mn4aTa,
1 nokasanu fvLlb HE3HAYUTESbHOE CHIKEHME 3d)-
PEeKTUBHOCTM HenTpanmsaumm [23, 26]. TouHo Tak
Xe y BakuuHbl AstraZeneca Habntoganock He6osb-
LLIOE CHWDKEHWE HENTPAnM3YyHoLLEen akTMBHOCTM NPo-
TMB 3TOr0 BapmaHTa Mo CPpaBHEHUIO C YXaHbCKUM
N30n4ToM, HO obLlasa knuHunyeckas addekTnB-
HOCTb BaKUWHbI AN 3TOr0 BapuaHTa cocTaBuna
70,4 % [23]. IgM-14, HenTpanuayowme aHTuTena
knacca IgM, HenTpanuayT 3TOT BapuaHT KOpoHa-
Bupyca [61]. CbiBOpoTKa OT NaUMEHTOB, UMMYHM-
3MpOoBaHHbIX BakumHon Covaxin, Takke HenTpanu-
3yeT 3TOT BapuaHT [23]. HekoTopble 13 nogsapu-
aHToB NHUKM B.1.1.7 cogepxaT eLLe 0aHYy BaXKHYHO
myTauuio B RBD — 3ameHy rnyTammHOBOW KUCIO-
Tbl Ha NM3nH B nonoxeHun 484 (E484K), kotopas
NPEeAnonoXNTENbHO CBA3aHa CO CHMXXEHHOW Hen-
Tpanusauuen nnasmon supyca [50].

B.1.427 u B.1.429 (Epsilon)

K koHuy 2020 r. nosiBunuck Hoeble VOC-Bapu-
aHTbl SARS-CoV-2, B.1.427/429 (Takke nsBecT-
Hble kak CAL.20C n L452R), koTopble ctanu go-
MuHupytowmmu B CLUA [6]. B coBokynHOCTU aHa-
nn3 BGbICTPOro 1 NPorpeccupyroLLero pacnpocTtpa-
HeHns aTux BapuaHToB 13 CLUA B gpyrme ctpaHbl
nokasan 6onee BbICOKMI YPOBEHb TPAHCMUCCUB-
HOCTW OTHOCUTENBHO LIMPKYNIMPOBABLUNX B TO Bpe-
Ms wtammoB SARS-CoV-2. O6e 3Tn nuHUM nve-

0T Tpnagy myTtauun B S-6enke (S131, W152C
n L452R), koTopble He obHapyXeHbl B Apyrux 3a-
pernctpupoBaHHbIX BapnaHtax VOC (B.1.1.7,
B.1.351, P.1) [5].

B otnuune ot BapuaHToB ¢ MyTauuen N501Y,
ocTaToKk L452 He B3aMmoaencTtByeT Henocpea-
cTBeHHO ¢ peuentopom ACE2, HO Becbma Bepo-
AITHO, YTO 3aMeHa L452R BbI3bIBaeT CTPYKTYpHbIe
n3meHeHusa B Berike, ycunmeas B3aMMOAeNCTBUE
mexgy S-6ernkom n peuentopom ACE2, obecne-
4yuBas BUPYCY adanTUBHOE MpeumyLlecTBo. Tak-
Xe BeposATHO, 4To 3aMeHbl S131 u W152C moryt
cnocobcTBOBaTb YMEHbLUEHUIO MHAEKLUMOHHOCTH
aToro BapuaHTa [5, 6]. MyTtaums L452R npusogmnt
kK 6onee BbICOKOW CBOBOAHOW 3Hepruu CBs3biBa-
Hua komnnekca SARS-CoV-2 — ACE2, yto BegeT
K 6onee NpoYHOM CBA3M Mexay peLenTopoM KneT-
Ku-xo3sivHa 1 BupycoMm [7]. 3ameHa L452R B Bapu-
aHTax B.1.427 n B.1.429 nosbilwaeT He TONbLKO
cpoacTteo Bupyca Kk peuentopy ACE2, Ho u cTa-
OUNbLHOCTbL GEenkoB, BUPYCHYHO MHAEKLNOHHOCTb,
a Takke ycunuBaeT CKOpPOCTb penfvkauun Bupy-
ca [6]. 3ameHbl L452R wnu Y453F 3awmwatoT Ba-
puaHTbl KaK OT rymoparnbHoro, Tak n HLA-accouum-
NPOBAHHOIO KNEeTOYHOro UMMyHUTETa, YTO CBUAe-
TENbCTBYET O MNOBLILLEHHOM YKITOHEHUM OT UMMY-
HUTEeTa, KOTOpOoe MOXET ewle bonblue ycyrybutb
naHOeMUYHYO cuTyaumto [6, 62].

CpenHsasa apdheKTMBHOCTb HENTpanusauunm
nnasmon Moderna gnga BapuaHToB B.1.427
n B.1.429 6bina cHmwxkeHa B 2,8 pasa No cpaBHe-
HWUIO C NPOTOTUMNHBIM U30MATOM «YXaHb-1», Toraa
Kak 9bpeKTMBHOCTb CHUXanack B 4 pasa npu ne-
YeHMM NnasmMon, NONyYEHHOW OT BaKLUHMPOBaH-
HbIX BakuumHon Pfizer [63]. YyBCTBUTENbLHOCTL
K RBD- n NTD-cneumndunyecknm mAb Takxke CHU-
Xanacb npoTus BapuaHToB B.1.427/B.1.429, Bos-
MOXHO, U3-3a LIeHTPparibHOro pacrnonoXeHns ocTar-
ka L452R B anutonax, BbisBndeMbix mAb [63].
BamnaHmeBumMabd NOMHOCTLIO TEPSAST HENTPAanuM3yto-
LLYtO CMOCOBHOCTb MO OTHOLUEHUIO K 3TOMY Bapu-
aHTy Bupyca, Torga Kak anga pergaHBumaba
(CT-P59) n steceBnmaba Habnoganock HeboOrb-
LLOe CHUXeHNe acpbdekTUBHOCTU. KokTennb n3 6am-
naHuemMmaba n aTeceBumaba gencTBoBan nyylle,
4yeM MOHOTepanuda NPOTMUB 3TOro0 BapuaHTa [64].
HanpoTtue, kombuHauumn kasmpmeumaba n nmge-
Bumaba unn COV-2130 n COV-2196 He nokasanu
noTepu B aKkTMBHOCTU HENTpanu3auun B OTHOLLE-
Hun Bcex VOC, Bkntovasa B.1.427 v B.1.429 [65].

VIR-7831, aHTUTENO LWKMPOKOro crnekTpa nemn-
CTBUS K KOPOHaBupycy, ahdekTUBHO NPOTUB 3TUX
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wupoko uupkynupyowmnx VOC-BapuaHToB [64].
HenTtpanuaytowee gencrTane cMecu kasmpmesumao/
mmagesnmad n mAb VIR-7831 obecneuuBaeTt
85 % 3alwmThl OT rocnuTanu3auum u cMepTn, cBs-
3aHHom ¢ COVID-19, n He noaBepranocb Bo3aem-
cTeuto MyTauumn L452R [63]. S eKTUBHOCTb He-
Tpanusaumn Bcex NTD-cneuymduyecknx mAb
Oblna notepsHa us-3a mytaumm S131 n W152C [63].

Kpome Toro, mytauma S131 npusogmna Kk cme-
LLIeHWO0 carTa pacLuenneHnst CUrHanbHoro nenTu-
Ja nocne geneumn octaTtkoB Q14 u C15 S-6enka.
370 NpMBOANIO K paspbiBY AUCYNbMOUAHON CBA3N
mexay C15 n C136, koTopas cBasbiBaeT N-koHel,
¢ octanbHom Yactbto NTD, Tem cambiM npuaasas
B.1.427/B.1.429 Heobbl4YHYO CNOCOBHOCTL K yC-
Konb3aHuo OT HenTpanusauum [63]. mAb LY-
CoV1404, HaueneHHoe Ha RBD, coxpaHsano non-
HYI0 3p(PEKTUBHOCTb HEWTpanmMsaumMm B OTHOLLe-
Hun VOC-BapuarTtos B.1.1.7, B.1.351, P.1, B.1.526,
B.1.427 n B.1.429 [66]. Hentpanuaytowue aHTuTe-
na wwupokoro cnektpa DH1047 HaueneHbl Ha RBD
n HentpanusyT SARS-CoV, SARS-nogobHble
BMpYyCbl NneTy4mx mbiwen RsSHCO014 nnn Bapuaks-
Tbl SARS-CoV-2, takmne kak D614G, B.1.1.7,
B.1.429 n B.1.351 [67].

B.1.351/501Y.V2 (Beta) B.1.1.33

ELle oMH BICOKOKOHTarno3Holi BapmaHt VOC
SARS-CoV-2 (B.1.351/501Y.V2), copepxalimnm
MHOXeCTBEHHble MyTauun B S-6erke, 6bin obHa-
pyxeH B KOxxHoM Adpuke. MN3-3a Hanuumsa apyrmx
HECUMHOHUMMYHBbIX MyTaunin B RBD-yyacTtke Haps-
ay ¢ mytaumen N501Y gaHHbIN BapuaHT cuntaeT-
CS BbICOKOTPAHCMUCCUBHbBIM M3-3@ TOrO, YTO OH
ObICTPO CTan AOMUHUPYHOLLUM B TEYEHWNE HECKOSTb-
KMX Hedenb U BHEC OCHOBHOW BKIag BO BTOPYHO
BOIMHY MHpekuunn B KOxxHon Adpuke [68].

OTOT BapuaHT MMEET HeKoTopble obLume myTa-
unmn ¢ nuHven B.1.1.7., Bknoyas myTtauum N501Y
n D614G, Bmecte ¢ myTaumamm D8OA, AL242,
AA243, AL244, D215G, R2461, K417N, E484K,
D614G n A701V, onncaHHbiMK B nutepatype [69].
N501Y, kak n myTaums E484K, npugaet noBbILEH-
Hyto adpdpmHHOCTL BUpYycy K ACE2-peuenTtopy; cum-
TaeTcs, YTo KOMOUHAUMS 3TUX MyTauuhi urpaet
posb B MOBLILEHWM €0 CBA3bIBaOLLEN CMOCOBHO-
ctun [70]. N3-3a myTauuin B KITOYEBbLIX OCTaTKax
RBD nmetoTcs cepbesHble onaceHus, Yto KoHop-
MaLMOHHbIE N3MEHEHUs1 B S-Oenke MOoryT BNuATb
Ha o0y 3PEKTUBHOCTL BaKUMH U HEWTpanu-
3YylOLLMX aHTUTEN, pa3paboTaHHbIX HA ocHoBe 6o-
nee paHHux wrammoB SARS-CoV-2 [71]. 3ameHa
aprMHMHa Ha N30MenLmMH B nonoxeHnn 246 (R2461)

W Knactep BpeaHbIX MmyTauun AL242—244 B y4ya-
ctke NTD oTBevaroT 3a UMMYHHbI OTBET HENTPa-
NM3yLWnX aHTUTEenN, HanpasneHHbIX npotus NTD
[72].

MccnepgoBaHua nokasanu, 4YTo BakuuHa
AstraZeneca HeahbekTuBHa (3P PEKTUBHOCTL —
10 %) B OTHOLLEHWUW CriyYaeB Nerkon n cpeaHen
CTEMEHN TSHKECTU, BbI3BAHHbLIX 3TUM BapuaHTOM
BMpYCa; aHanorn4HbIn agpekT 6bin coobLueH ans
BakuuHbl Ad26.COV2.S [23]. MyTaunn K417H,
O484K v 3ameHa N501Y Hapsagy ¢ apyrumu myta-
umsamm B wutamme 501Y.V2 genatoT ero nofiHOCTbIO
YCTOMYMBLIM K HENTpanusauumn ¢ noMmoLlbo mAb
6amnanuBumaba, CA1, ateceBumadba, CC12.1
1 Kacupusmnmaba u, YTo Hambornee BaxHoO, kK Tepa-
nUU NNasmMon peKoHBanecLeHToB, YTO denaet
AaHHble BUAbl Tepannun HeapdeKkTuBHbIMU [23, 68,
69]. 310 He MOBMMANO HA HENTPANMU3YyLWMIA 3g-
dekT umgesumaba nNnpoTMB JaHHOrO BapuaHTa,
a MMHUManbHbIN 3 EKT HenTpanusaunmn Habnw-
pancsa Ha nape AstraZeneca AZD106 n AZD8895
[73]. CbiBOpOTKM, COBpaHHbIE Yy NoAeN, UMMYHN-
3MpOBaHHbIX BakuuHon Moderna, nokasanu CHu-
XeHne ahPeKTUBHOCTN HenTpanuasauumn B 2,7 pasa
Mo OTHOLLEHMIO K 3TOMY BapuaHTy [23]. CbiBOpOT-
KW, NOSTyYEHHbIE OT NAUMEHTOB, UMMYHU3MPOBAH-
HbIX BakumHom Pfizer, Takke NposaBnsanu CHMmxeHne
AP PEKTUBHOCTN HEWTPanNM3aumm npoTmB LaHHO-
ro BapuaHTta Bupyca [23, 58]. MiHakTnBnpoBaHHas
BMpycHas BakumHa BBIBP-CorV n pekombuHaHT-
Has gumepHas 6enkoBas BakLMHa Ha ocHoBe RBD
ZF2001 okasanucb BbICOKOIGMEKTUBHLIMU MPO-
TMB 3TOr0 BapuaHTa M XOpOLUO HeWlTpanu3oBanu
Bupyc [74]. BakunHa NVX-CoV2373 Takke Bbi3bl-
Bana 3ameTHYI0 3aLMTy OT JaHHOro BapuaHTa [23].

B.1.1.28 (Gamma) P.1

VOC-202101/02, Takxke n3BecTHbI kak B.1.1.28
unun 20J/501Y.V3, Bnepsble Obin naeHTUdnLnpo-
BaH B bpasunuu, nosxe nossunmcb coobieHns
0 2 cybknagax, o6o3Ha4eHHbIX kak P.1 (Gamma)
n P.2. (Zeta) ns Puo-ge-XaHerpo n MaHayca co-
OTBETCTBEHHO [75]. OTK BapmaHTbl UMeELOT obLune
KroveBble MyTaumm B yyactke RBD ¢ gpyrumum
VOC (B.1.351 u B.1.1.7), Bkntoyasa Tpmno E484K,
N501Y n K417T, koTopble CNOCOBCTBYHOT YCKOSb-
3aHM0 OT UMMYHUTETA U yeunmeatoT adddUHHOCTb
K peuentopy ACE2 [76]. 3T MyTauum BbI3blBAOT
appekTol, cxoaHble ¢ adphekTamnm Opyrux
VOC-wTamMoB, YCTONYMBOCTb K OBLLENPUHATBIM
MeToAam fieveHns 1 NnpornakTU4eCcKnm meponpu-
ATUAM. [JaHHbIE FEHOMHOrO U3yYeHust U pesyrnbsra-
Tbl MaTEMaTUYeCKOro MoAenupoBaHUsA nokasanw,
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yTo BUpYyC B 1,7—2,4 pasa Gonee TpaHCMUCCUB-
HbIV [77]. BbiCOKasi TPAHCMUCCUBHOCTb, CHIDKEHME
HenTpanuayoLen apdeKTMBHOCTI CbIBOPOTOK pe-
KOHBanecueHTOB Unu BakuMH 1 6onee BbiCOKMNE
rnokasaTenv NOBTOPHOIO 3apaXXeHUs ABNAITCH
KntoveBbIMK Xapaktepuctunkamm atoro VOC-sapu-
aHTa Bupyca [51].

Bonee Toro, gpyrne mytaumm B S-6enke, yHu-
KanbHble OAng 3TOoro BapuaHTta, Takue kak L18F,
T20N, P26S, D138Y, R190S, H655Y, T1027I
n V1176F, coenanu Bupyc 6onee ycton4mBbiM
K HeWTpanusauum aHtutenamum [51, 77]. Habnioga-
NOCb LLUECTUKPATHOE CHWKEHNE HENTpanuayoLLen
CMNoCOBHOCTN peKOHBaNeCLUeHTHON nnasmMon
N NnasMom OT MMMYHU3NPOBAHHbLIX BaKLWHOM
CoronaVac peumnuMeHTOB MO OTHOLUEHUIO K AaH-
HOMY BapuaHTy Bupyca [78]. BapuaHT obnagaet
BbICOKOW YCTONYMBOCTBIO K MOHOKIOHasbHbIM aH-
TMTeNnam, TakMMm Kak ateceBMMab, kasnpvsumab,
H6amnaHuBmMmab, 1 YaCTUYHO YCTOMYMBLIN K UMAe-
BuMaby [16, 79]. BakuuHa Pfizer npogemMoHcTpu-
poBarna 6—7-kpaTHOe CHUXeHWEe HeNTpanuayoLLen
aKTUBHOCTM NpoTUB BapuaHTa P.1 n 4—5-kpaTHoe
CHWXEHNe HenTpanuayrLlen akTMBHOCTU B OTHO-
LWweHun BakuuHel Moderna [23].

B.1.617.2 (Delta)

BapuaHT B.1.617, nossuBwuinca B espane
2021 r. B lhgun, BbI3Ban BTOpYto BorHy COVID-19,
4YTO NPUBENO K elle 6onblemy nogbemy 3abone-
BaemocTu. BapuaHTt Delta B.1.617.2 ctan gomu-
Hupyowmm B NHamm n BenukobputaHum n 6bin
o06bsasneH BO3 HoBbiM VOC (paHee knaccudpum-
unpoBaHHbIM Kak VOI) [80]. Ota nuHua coctount
M3 MHOIMX BapuaHToB, BKrtodas BapuaHT Delta
plus (AY.1 n B.1.617.2.1), BCe OHM NOABUIIUCL
B nepwuof ¢ oktabpsa 2020 r. no dpespanb 2021 .
Kaxgbi M3 aTUX BapuMaHTOB UMeEeT Kractep Cur-
HaTypHbIX MyTauun D111D, G142D, L452R,
E484Q, D614G n P681R B S-6erike [81]. MyTauns
E484Q 6bina ngeHtndmumposaHa y 60nbLIMHCTBA
BapMaHTOB 3TOW NWHWUU, 3@ WUCKMYEeHUeM
B.1.617.2 [51]. K417N, V70F n W258L npeactas-
NAT cOBOM IKCKMIO3MBHBIE MyTauMX B BapuaHte
Delta plus ¢ ypoBHEM pacnpoCTpaHEeHHOCTN Npu-
mMepHo 58 % [82].

M3BeCTHO, YTO 3TOT BapuaHT COAEPXUT 8 My-
Tauun, 7 N3 KOTopbIX HaxogaTca B obnactn S1
(R21T, E154K 1 Q218H B NTD, L452R 1 E484K
B RBD, D614G n P681R) psgom ¢ MecTom pac-
wennenuns gpypvHom n 1 (H1101D) — B obnactu
S2 [81]. MyTaHT noanvHum B.1.617.1 kpome 06-
Wwnx mytaumn Takke nveet T951, G142D, E154K

n Q107H B cBoem S-Genke. [pyroi 4neH cemen-
ctBa (B.1.617.2) nmeet mytauumn T19R, G142D,
A156, A157 n R158G B yyactke NTD, myTauun
L452R n T478K — B RBD-pervoHe, P681R (ps-
AOM C cauToM pacwenneHns ypuHoOMm)
n D950N — B obnactn S2 Genka S [83]. P822L,
A446V, V149S n T1811 — myTaumm, KOTopble MMme-
0TCA UCKMunTenbHO B BapuaHTe Delta plus [82].

CTpyKTypHbIM aHanu3 gencrtemsa mytauun RBD
L452R n E484Q BbIsIBUN CHUXEHUE MEXMONEeKy-
NSAPHBIX Y BHYTPUMOMEKYNSPHbLIX B3anMOL4EeNCTBUN
¢ peuentopom ACE2 no cpaBHeHUIO C OMKUM
TvnoM. MNMpeanonaraeTcs, YTo 3ameHa rmgpodo6-
Horo octatka L452 Ha rugpodunbHbin 452R aB-
ngeTcs NoMoLlblo B cTabunmsaumm KoMmnnekca.
MNogobHo nuHum B.1.426/B.1.427 3ameHa L452R
OTMEHSIET HENTPanNM3yoLLYI0 akTuBHoCTb RBD-Ha-
npaeneHHbIX MADb 1 nomoraeT n3bexaTb AeNCTBUS
KNETOYHOro MMMYHUTETa, orpaHndyeHHoro HLA-24
[6, 81]. CHuxeHHasa dyBcTBUTENBHOCTL Delta-Ba-
puaHTa K HEMTpanuayrLwumM aHTUTeNam 1 MNoBbl-
LUEeHHast CnocoBbHOCTb K pennukauumn cnocobcTao-
Banu 3ameHe paHee cyLecTtsoBasLlero B.1.1.7 nnm
Apyrnx BapnaHToB Ha BapuaHT Delta. Kpome TorO0,
Ons 9TOoro BapuaHTa Habnioganacbk 6onee BbICO-
Kas gons pacuienneHHoro 6enka wwwvna no cpas-
HeHuto ¢ B.1.1.7, n 910, NpeanosioXnTesribHo, Mo-
XeT ObITb NPUYMHON €ro NOBbILLEHHOWN NHMEKL M-
OHHOCTHM [84, 85].

OueHka adphekTnBHOCTU BaKkLmMHbl Pfizer npo-
TMB BapuaHTa B.1.617.2 coctaBmna 88 % 3awuTbl
OT UHEKLUMM 3TOrO BapuaHTa, Torga Kak BakuuHa
AstraZeneca nokasana addektneHocTb 60 % [23].
leTeponornyHas nepBuYHas peBakuuHaUUS Bak-
umHamu Pfizer n AstraZeneca npueena K CUrbHO-
My MMMYHHOMY OTBeTy npoTus Delta-BapunaHTta
C ObLWMM yBENMYEHNEM TUTPA HENTPanu3yoLmnx
aHTuTen B cbiBopoTKe B 9 pas [86, 87]. [omoro-
rMyHas nepBrYHasi peBakumMHaLms BakumHon Pfizer
Takke gaBana 9-kpaTHoe yBeSiMyeHue TuTpa Heun-
TPanuayLnNX aHTUTEN, YTO NPMBOLMIO K CUMBHO-
MY MMMYHHOMY OTBETY NPOTUB LNPKYNMpYyOLWero
Delta-BapuaHTta [86, 87]. HenTtpanuaytowme aHTu-
Tena, BbisiBNEHHbIe Y nuu, nepeHecunx COVID-19,
NONyYUBLUNX OAHY UMW ABE A03bl BaKUWHbI
AstraZeneca, obecneuunnu Gonee BbICOKYO 3aLLm-
Ty oT Delta-BapmaHTa no cpaBHEHUIO C NuUamu,
He BonesBLNMK, NOMYYUBLLNMU TOSBKO OAHY Nn6o
OBe [o3bl BakuuHbl [88]. HenTpanusytowasa ad-
dhektuBHOCTL HamnaHueumaba bbiria NONHOCTbLIO
noTepsaHa NpotmeB BapuaHTta B.1.617.2, Torga kak
kacupueumab, nmgesmmab n atecusmmab Bce
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ewe ObiNM akTUBHBLI NPOTMB Hero. [BykpaTHoe
CHWXEHMe HenTpanuayoLien apeKTUMBHOCTM Cbl-
BOPOTKKN BbI3gopoBeBLLMX oT COVID-19 nauuneH-
TOB M peumnueHToB BakuuHbl Covaxin Habnwoaga-
10Cb MO OTHOLLEHUIO K JaHHOMY BapuaHTy [89, 90].
MogpobHas nHdopmMaums 0 ero TPaHCMUCCUBHO-
CTM, YCKONb3aHUN OT UMMyHUTETA, 3PEKTUBHO-
CTW BaKUWH UNK TepaneBTUYECKMX MeTohax feye-
HUSA OO CUX Nop He coobLiaeTcs, u onsa ero nos-
HOW XapaKTepucTukm TpebytoTcs ganbHenwme uc-
cnepoBaHuA.

UHTepecyrowme BapmaHtbl (VOI) SARS-CoV-2

B.1.525 (Eta) u B.1.526 (lota)

B nocnenHue mecaubl Habnoganucb MHOrOYUC-
NEeHHble BCNIIECKM U pacnpocTpaHeHne HOBbIX Ba-
puaHToB VOI SARS-CoV-2 (B.1.525 n B.1.526),
copgepxawumx mytaumo E484K B S-6enke. Nepsbin
NOEHTUULMPOBAHHbLIN Kak reorpaguyeckn pac-
npocTpaHeHHbIN knactep B BenukobputaHumm
B 2021 r. BapmaHT B.1.525 6bIn 0603Ha4eH Kak
VUI-202102/03 (paHee ob6o3Havarncs kak UK1188)
B wraTte Hoto-Mopk [91]. C MomeHTa cBoero nep-
BOro obHapyxeHua 3dameHa E484K B B.1.525/
B.1.526 ctana Hanbonee yacto naeHTuduumpye-
Mon S-6enkoBon MyTaumen ¢ 26-kpaTHbIM yBernu-
YeHMeM KonmyecTBa LMPKYNUpYHOLLEro Bupyca,
YTO JenaeT ero TEMON HEOTNOXHOM 03ab04YeHHOo-
cTn rnobaneHoro 3apaBooxpaHeHunsa [91]. JinHng
B.1.526 cocTouT 13 2 NOANUHWUIA, HECYLLUX MyTa-
unio S477N unu xapaktepHyto MyTauuio S-6enka
E484K [92]. BapuaHT B.1.526 xapakTepuayetcs
3ameHamm B S-Oenke, B ToM 4ducne L5F, T95I,
D253G, D614G n A701V, Toroa Kak xapakTepHble
MyTauun, onucaHHble ang sapuaHta B.1.525, co-
CTOAT B 0OCHOBHOM 13 Q52R, A67V, 069/70, 0144,
E484K, D614G, Q677H n F888L B S-6enke.

Hapsagy ¢ mytaumneinn R2461 samerHa D253G mo-
XeT cnocobCcTBOBaTL YCKONb3aHUIO OT HEWTpanu-
3YIOLLMX aHTUTEN 3a CYET BaXKHOIO HENTpanuayto-
wero anuTtona. 3ameHa S477N cBsA3aHa ¢ Bo3pac-
TawoLwen BUPYCHOM UHAPEKLUMOHHOCTLIO U3-3a YBe-
nnyeHnsa apOMHHOCTU CBA3bIBAHNA C peLenTopoMm
ACE2 unu nposiBNeHns yCTOMYNBOCTU K HEWTpa-
nunsywwmm aHtutenam [93]. Mytaumsa T95I Haxo-
antes B NTD-yvactke un, no-eugumMomy, He Brvsi-
€T Ha aHTUreHHocTb Bupyca. OgHako 3ameHa T Ha
| He Bnunska Kk cocegHMM cyObeanHuLam B roOMOT-
pumepe RBD, cnegoBaTensbHo, He BNUSET Ha 3aK-
pbiTne/oTkpbiTne nepexoga k RBD [91]. MNpenga-
puTenbHble JaHHble CBUOETENbCTBYIOT O TOM, YTO
BapunaHT B.1.526 He cBA3aH C NOBbILLEHNEM TSKE-

CTV 3aboneBaHus, Takke He OOHapyXXeHO CBA3WU
C NPOPbLIBOM UH(EKLMM (3aparkeHne Nocne Bakuu-
HauWu) UNn NOBTOPHbLIM 3apaxeHuem [94].

3ameHa Q677H pacnonoxeHa psgom ¢ CauTom
pacwennenma dypuHom. OgHako BRUstHUE 3TON
MyTauun eLle He onpeneneHo, npegnonaraercs,
4TO MyTauUMWM BOKPYr camTa pacwenneHus gypu-
HOM MOTYT M3MEHSATb TPAHCMUCCUBHOCTL. [ene-
ums 144 npegcraBnseTt cobon aHTUTEHHY yC-
KOMb3aloLLyo MyTaLmio 1 TECHO CBA3aHa C pensu-
Kauuen Bupyca y nauneHToB ¢ ocnabrneHHbIM M-
MyHUTETOM [935].

Coobuaetcs, uto aHtuTeno Ly-CoV1404, 6no-
kvpytowee ACE2, nonHocTblo HerlTpanuayeT Ba-
puaHTbl, B TOM ymncne B.1.526 [66]. HenTtpanusyto-
LiMe TUTPbI CbIBOPOTOK NPOTUB BapuaHTa ¢ MyTa-
unen E484K cHmxanucek B 3,6 pasa, Korga Ucnorsib-
3oBann obpasey CbIBOPOTKM nauueHTa,
BaKUMHUpoBaHHoro Pfizer; Takasa e cblIBOpOTKa
Oblna npumepHo B 3,4 pasa MeHee agphekTuBHa
Ha BapuaHTe ¢ myTaumen S477N. CblBOpoTKa to-
Jen, BakuMHMPOBaHHbIX BakunHon Moderna, Tak-
Xe NMpOoAEMOHCTpUpoBana aHanornyHbln acpdekt
npotne obonx BapuaHToB [96]. B gpyrom uccne-
poBaHun 3ameHa E484K nokasana ymepeHHOo no-
BbILLEHHYIO YCTOMYMBOCTb K HEWTpanmusauumn Kak
K CbIBOPOTKE BaKLUMHMPOBaHHbIX Pfizer, Tak u k Cbl-
BOpPOTKe pekoHBanecueHToB [98]. MmaoeBumab
NOSIHOCTBLIO HenTpanuaosan m3onat B.1.526. Ka-
3upveBumMab npu TeCTUpOBaHNM NPOTUB BapUaHTOB
E484K n S477N nonHocTbio HenTpanuaosan Ba-
puaHT S477N, Ho 6bin B 12 pa3 MeHee akTUBEH
npotue BapuaHTa E484K B.1.526 [96]. KokTennb
13 kasnpmsmnmaba n nmgesnumMad NONMHOCTBIO Hen-
Tpanusosan B.1.526, a 4yacTuyHasa notepst HENT-
panuaytolen cnocobHocTn Habnoganacek Ans
B.1.526, cogepxaLiero 3ameHy E484K [96].

Omicron B 1.1.529

26 Hosa0ps 2021 r. BO3 coobwmna 0 HoBOM
ObICTPO pacnpocTpaHsaLWeMcs Cpeam HaceneHus
tOxxHom Adppukm BapmaHTe SARS-CoV-2, nony4yms-
wem HassaHme Omicron B 1.1.529. Bupyc 6bICT-
PO pacnpoCcTpaHuIics Mo MnaHeTe U Bbi3Ban HO-
BYHO BOSHY 3a601eBaeMoCTN KOPOHABMPYCOM.

Kak nokasano ganbHenlee nsyyeHve reHoma
BMPYCa, ero anMaemMmnonornm, BapmaHt nmern bonee
30 myTaumn B S-6ernke. Mytauma N501Y yBenuun-
BaeT apMHHOCTb CBA3bIBAHUSA C peLenTopoMm
ACE2, B codeTtaHumn ¢ Q498R acddpmHHOCTL CBA3bI-
BaHMA CTaHOBUTCS curbHee; myTauum HGE55Y
1 N679K npucyTcTBYIOT pPsSiiOM C CanTOM KIMBmuaKa
dypuHom (FCS) n moryT ycunueaTb pacLienneHune
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wvna, genas Bupyc 6ornee 3apasHbiM; MyTauus
P681H moxeT yBenmumBaTb TPaHCMUCCUBHOCTL 38
CYeT ycKopeHus knueumxka benka wwuna; mytauum
Q493R, N501Y, S371L, S373P, S375F, Q498R
n T478K oTtBevaloT 3a Bonee BbICOKY0 adhduH-
HocTb K ACE2. Bce 3T U3BMEeHeHWs B reHOMe BUPY-
ca, kak bbIno nokasaHo, npuesenn Kk 6elCTpomy pac-
NPOCTPaHEHWIO BUpyca BO BCEM MUpe 3a CYeT Mo-
BbILLEHHON adPPUHHOCTM CBA3bIBAHUSA C peLenTo-
pom kreTkn-xo3auHa ACE2, a cam BMpyC ycneLHo
npeogonesan encTBUe UMMYHHON CUCTEMbI Opra-
HVU3Ma YeroBeka y BakLUMHUPOBAHHbIX, MIIOX0 HeW-
TpanusoBancs MOHOK/OHaNbHbIMU aHTUTENamm
N CbIBOPOTKaMN BaKUMHUPOBAHHbLIX U nepebones-
wmnx [97].

3akntoyeHue

B 10 Bpems kak 2020 r. ctan HeBepOATHbIM UC-
nbiTaHnem ansa vernosedvectBa, 2021 r. okasarncs
fbornee HenpeackaszyeMblM U TPyOHbIM 3Tanom
C NnosiBNeHneM Heckonbkmx BapnaHtoB SARS-CoV-2,
OEMOHCTPUPYHOLLNX NOBbILEHHbIE TPAHCMUCCUB-
HOCTb U MHPEKUMOHHOCTb. HenpepbiBHas 3BOMt0-
uma SARS-CoV-2 ¢ MOMeHTa ero BO3HUKHOBEHUS,
NOCTOSAHHOE NOSABMEHME HOBbLIX BapMaHTOB Nnpuse-
nn K 6bICTPOMY NPOrpeccy B CEKBEHNPOBAHUN, YTO-
Obl oxapakTeprsoBaTb reHOM, 3BOSOLIMOHHYIO UC-
TOPUIO U reorpadmyeckne gaHHble pacnpoctpaHe-
Hua Bupyca. Kak n gpyrne kopoHasupycbl, SARS-
CoV-2 nmeeT 3BOMOLUMOHHbBIA FTEHEeTUYECKUN
MeXaHW3M KOppPeKTYpbl U3-3a Hannuusa nsP14, npo-
angowero 3'—5' ak30pMBOOHYKNeasHyo akTuB-
HOCTb [2]. KopoHaBmpyChl UMET HEMHOIO HU3KYHO
CKOPOCTb MyTauuu (2 HykrneoTuaga B Mecsy) no
cpaBHeHuto co MHorumn gpyrumn PHK-copepxa-
WMMK BUpyCcamMn, TakMMK Kak BUPYC rpunna
(4 nykneotnga B mecsay) n BUY (8 Hykneotugos
B Mecsl) U3-3a CyLlecTBoBaHUS «depMeHTa ans
CUMTbIBAHUS KOPPEKTYPbI», KOTOPbIV NCNpaBngeT
daTanbHble owmnbkn konuposaHus [9]. HecmoTps
Ha BO3MOXHOCTb KOPPEKTypbl, kKoTopasa obecne-
4YMBaeT BbICOKYI TUPaXUPYEMOCTb TOYHOCTH,
B reHOMe HakannmearoTcs HoBble MyTauun SARS-
CoV-2, 0 4eM 4CHO CBMAOETENLCTBYIOT BO3HMKAO-
Wwne BapuaHThl [98, 99]. Broxummyecknin coctas
pasnU4YHbIX TUMOB KYNbTYP KIETOK UMK KNEeTKN pas-
HOro NPOUCXOXOEHUSA, BEPOATHO, MOTyT BbITb 0A-
HOW M3 MPUYNH NOSBNEHNSA CBSA3AHHbIX C pennuka-
umen BMpyca CriydyanHblX MyTauui, Kak n Konude-
CTBO W/unu kayectBo cybcTpaTa, Heobxogumoro
BUPYCHOWN nonumepase N9 ee KaTtanuTudeckon
aKTUBHOCTW, MOTYT pasnuyatbCs MexXay pasnuu-

HbIMW TUMAMM KNETOK UNun y pasHbix xo3des [100].
PekoMOrHaLMOHHbIE COBLITUSA, UMMYHUTET X034U-
Ha N PaKTopbl X035MHA, Takne Kak B3auMOoAem-
CTBME C pasnnyHbIMK OPTOSIOraMn peLenTopoB
TMPRSS y pa3sHbix BUOOB, TaKkKe OKasblBaloT ce-
nektTuBHOe fasneHune Ha supyc [100].

BecnpeueneHTHaa yactoTa reHepaunn HOBbIX
BapnaHToB SARS-CoV-2 npusena K HakonmneHuo
HOBLIX MYyTauUWN NO BCEMY BUPYCHOMY FEHOMY,
Bkntoyas S-6enok, Hykneokancug, ORF1a,
ORF1b, ORF3 n ORF8 [101]. He Tonbko orpom-
Has YyacTtoTa pacnpoCTpaHEHUs] HOBbIX MyTaHTOB
BO BCEM MUpE, HO U UX COBMECTHas LMPKynauns
B 9HAEMUYHbIX palioHax NpUBENM K Npeanoroxe-
HUIO, YTO pacnpocTpaHeHue BUpyca Bbi3Bano
nosesneHve BapmaHToB fit’, BO3MOXHO, 13-3a nno-
XOW TOYHOCTM pennukauun ero reHoma [102]. Ans
nyywen agantauum kK xo3amHy S-6enok SARS-
CoV-2, 0TBETCTBEHHbIN 3a NPOHUKHOBEHWE B KIET-
Ky-X03sMHa, npetepnen HecKosrbko MyTauuii, Ko-
Topble cnoco6CcTBOBaNM NOBLILLEHUO UHEKLMOH-
HOCTW BMpYCa, CKOPOCTU Nepeaaydun, yKNoHEHUO OT
WMMYHHOW CUCTEMbI KITETKM-X035IMHA, MEXBUO0BOM
nepegayn n cnocobHOCTU BbI3biBaTb MHAEKLMNIO
B nonynauun mosogbslx nogen [2, 9, 16].

B cBsi3n ¢ ocTpon Heo6xoaUMOCTbIO pa3paboT-
KN 3DPEKTUBHBIX NPEBEHTUBHLIX MEP NO KOHTPO-
nto 3a pacnpoctpaHeHneM SARS-CoV-2 B HeCKomb-
KuX CTpaHax paspaboTtanu Tepanuio Ha OCHOBE Bak-
UMH, KOTopble n3bupartensHo HaueneHsl Ha S-6e-
nok. Yacrtota HoBbIX MyTauunm B S-0enke
NOSIBSIOLLMXCA BapnaHTOB BMpYyca co3farna cTpec-
COBYIO CUTYaLMIO, TaK Kak BApUaHTbl MOTYT He TOJb-
KO MOCTaBUTb NOA Yrpo3y KOHTPMEPbI, OCHOBaHHbIE
Ha BaKUMHauuW, HO 1 BBECTU B 3abnyxaeHune guar-
HOCTMYeCKune Noaxoabl U3-3a NonyyYeHus NoXHOOT-
puuaTtenbHblX pesynstaToB. HekoTopble mMeToabl
OVNarHoCTUKK in Vitro, Takue kak MMMyHoaHanus
n OT-MUP, moryt He gaTb TOYHbLIX pPe3ynbTaTos,
ecrnu MyTaumsa NpoMcxoauT B onpegeneHHon obna-
CTW ANS CBA3bIBAHUSA aHTUTEN WK NpanMepos.
MockonbKy OOMONHUTENbHbIE MyTauMKU NOSBNSAOT-
csl B S-0ernke, CyLIEeCTBYET BbiCOKas BEPOSITHOCTb
TOro, YTO UMMYHOMOIrMYECKMe TECThbl, NpeaHasHa-
YyeHHble ansa obHapyxeHusa S-6enka, MoryT ObiTb
bonee nogBepXeHbl NOXHbIM pe3ynbrataM. [ns
apdpekTnBHON AnarHocTukn Bupyca SARS-CoV-2
N ero HOBbIX BapvaHTOB MMMYHOMOMMYeCcKUn aHa-
nn3, Takon Kak TBepaodasHbli UMMYHO(EPMEHT-
Hbl aHanu3 (ELISA/EIA) nnn ananus 6okosoro no-
Toka (LFA), MOXHO ObIno Gbl NepenpoekTUpPoBaThb
Ha OCHOBE MOJIMKMNOHAasnbHbLIX aHTUTEN BMECTO
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MOHOKIIOHaIbHbIX aHTUTEN 1 paboTaTtb nocne pac-
No3HaBaHMS HECKOMbKUX 3NUTOMNOB Ha Bupyce [9].

OcHoBbIBasiCb Ha AOCTYMHbIX AAHHbIX CEKBe-
HUPOBaHWS, MHOTME HOBblE BapUaHTbl MOMHOCTLIO
He oxapakTepu3oBaHbl, U UX BIIUSIHNE Ha CKOPOCTb
nepefadv Unun yKnoHeHne ot UMMyHUTETa He n3y-
4yeHo. N3yyeHne NoCcTOAHHO OBHOBNAKLLMXCS HO-
BblX BapMaHTOB Ype3Bbl4alHO BaXXHO ANSA cepo-
NOrM4ecKkoro Hagsopa n punoaMHaMn4ecKoro aHa-
n13a ¢ uernbio NOCTOSIHHOro HabnogeHus 3a TeH-
AeHunen nHdpekunm B nonynaumm n oueHKu
noTeHuMarnbLHOro BO3gencTems anngemmoriornyec-
KMX UMW 3BOJTHOLMOHHBIX NPOLEeccoB B hopMupo-
BaHUW BUpPYCHOM dounoreHnun. Heyaayum cospemen-
HbIX OWAarHOCTUYECKUX NOOXOA0B B OTHOLLUEHUU
BHOBb BO3HUKaloLLmMx BapnaHToB SARS-CoV-2 Tak-
Xe ABNSATCA BaXHOW TeMoun Ans 6ecnokoncTea,
KoTopyto Heobxoaumo ByaeT MOCTOAHHO KOHTPO-
nupoBaTtb B nocrneayloLlme rogbl, NOCKOMbKY My-
Taumm moryT BbICTpo cTaTb npeobnagarwmm
B HOBbIX BapuaHTax npu ectectBeHHoM oTbope
nnwn ona nyywen agantaumm B opraHnsme xossiu-
Ha 1 MOryT npuBecTu K 6onee onacHbIM BOMHaM
COVID-19. Heobxoanmo paspabotatb MHorowe-
NeBylo CTpaTeruio U BHEAPUTb ee B NPaKTUKy A5S
MUHUMKU3auun Bosgenctena SARS-CoV-2 Ha nm-
MYHHYIO CUCTEMY XO35IMHA UMW Ha Ka4yecTBO Auar-
HocTu4ecknx TectoB. C MHULUMMPOBAHMEM U YC-
newHbIM OoBHOBMEHNeM nporpaMmMm BakuuHauuu
B pasHbIX cTpaHax adeKTUBHOCTb BaKUWMH Mpo-
TMB HOBbIX BapuaHToB SARS-CoV-2 Bbi3biBaeT
03ab04EeHHOCTb, NMOCKOSbKY NOCTOSIHHO Habnwaa-
NUCb cnyvan CHWXeHMs 3PMEKTUBHOCTM MPOTUB
HeCKONbKMX BapuaHToB. [lockonbKy paspaboTka
BaKUWH 3aHUMaeT MHOIo BpEMEHU, MogepHU3auns
NUMEIOLLNXCA BaKLMH TaKke MOXET paccmaTpuBaTh-
CA Kak peanbHasa anstepHatuea. [na obecnedve-
HUS1 9P PEKTUBHOCTIN BaKLMH NPOTUB HOBbIX Bapu-
aHTOB ByCTepHble A03bl NN ONTUMU3aLUS OpUrn-
HanbHbIX BakUWUH ¢ OOHOBNEHHbIM S-0enkom Tak-
Xe MoryT OblTb pacCcMOTpeHbl nocrie AetarnbHOW
OLEHKM KayecTBa M UCnbITaHUA Ha 6e30MacHOCTb.

SARS-CoV-2 ¢ BbICOKOW BEPOATHOCTLIO MYTU-
pyeT 1 3BONIOLUNOHMPYET B CTOPOHY YCUNEHUS ero
NHMEKLUMOHHOCTU 1 TPAaHCMUCCUBHOCTHU, CO34aBast
cepbesHble PUCKM HAKOMMEHUs N JOMUHUPOBAHUS
NMMYHOSOTMYECKN aKkTyanbHbIX MyTaLuii B pasHbiX
NUHKSX B Brivbkanwem byayuem. HakonneHve ogn-
HOYHBIX MM MHOXECTBEHHbIX MyTauuin B UHTEp-
denice RBD-ACE2 moxeT npusecTtu k 6ornee
CMepTOHOCHbIM BonHam COVID-19 [105]. Twa-
TeNbHbIN OCMOTP OCTaTKOB rOPAYUX TOYEK, FrEHOM-

Has anMAeMunornorus, 3BOSIOUNOHHAA UCTOpUS
N CEeNeKTUBHOE AaBreHne MoryT noMoYb npeacka-
3aTb NoOsBNEHUE HOBbIX MyTauui. BeipaboTka
PE3NCTEHTHOCTM K NnekapcTBam Ans obxoga um-
MyHUTETa XO035MHA TakKKe MOXEeT BO3HUKHYTb,
N KpalHe Ba)KHO MMaHMpOBaTb pellueHue s Hee
3apaHee. CanT-HanpaBneHHbI MyTareHe3 ¢ uc-
Nnofb30BaHMEM BbICOKONPOU3BOAUTENBHbLIX Bbl-
YUCIUTENBHBIX U MOMEKYNAPHbLIX UHCTPYMEHTOB
MOXeT NMOMOYb NpefckasaTb BO3HUKHOBEHWE HO-
BbIX MyTaUWN, KOTOPbI€ MOTYT YBEMUYUTb WK
YMeHbLUNTbL CPoACTBO K peuenTopy ACE2 [48, 103,
104]. OTn cTpaterMn Moryt NnOMoYvb B U3MEHEHUN
UMEILLMXCHA TepaneBTUYECKNX U NpodnnakTuyec-
KMX BMeLIaTeNbCTB, YTObbl n3bexaTb MeXBuUao-
BOW Nepefayn, n 3dekTMBHOM yrnpasieHnn BHOBb
BO3HMKaoLWwmmm BonHamm COVID-19.

HoBble BapuaHTbl U3MEHWUAN UrPY 1 NOSIBIEHME
BapuaHTOB C yNy4leHHbIMU TPAHCMUCCUBHOCTbIO
N MHAPEKLMOHHOCTBIO caenanu TekyLme yeunms no
KOHTPOIIO 1 CUTYaLMIO C NaHOEMUEN TIXenee, Yem
Obino paHee. bonee TpeBoXHas cuTyauus, KOTO-
past MOXeT BO3HMKHYTb B bnmxariem dygyuiem, —
37O nosiBneHne 6onee aganTMpPOBaHHbLIX BapuaH-
TOB, KOTOpble ByAYT UMETb JOMOSNTHUTESNbHbIE CBOW-
CTBa 419 NpeodoneHns UMMYHUTETA, NOTy4YeHHOro
B pesynbrate BakunHauum Unmn nepeHeceHHom mH-
dekumn. Mcnonb3oBaHme TOMbKO BaKLMHbI 0Orb-
e He sIBNAETCS AONrOCPOYHON rapaHTmen nobe-
Abl Ha HOBbIMU BapuaHTamu, Heobxoamnmo ocylLLe-
CTBIEHME peLunTerbHbIX Mep OBLLIECTBEHHOIO 3a4pa-
BOOXpaHeHus. [ns MakcMManbHOro nogaBneHus
BMpYCa M CHMXEHMS 3aboneBaeMocTn Heobxoau-
Mbl 30EKTMBHbIE NPOTUBOBMPYCHbIE Npenaparhl,
yNnyJlLeHHast MHppacTpykTypa 34paBooXpaHeHus],
Hanm4yme B0nbHUYHbIX KOEK M CHabXeHue KUcnopo-
AoM, co3faHue 6ornbLUero KonnmyecTsa LEeHTPOB Te-
ctmpoBaHusa Ha COVID, usonsaumsa nHduunpoBaH-
HbIX NauMeHTOoB, coumarbHOe AUCTaHUMpOBaHWe
N HOLUEHMEe MacoK — 3TO NoTeHumarnbHble Mepbl,
KOTOpble MOTYT YMEHbLINTb pPacnpoCcTpaHeHue
SARS-CoV-2.
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nonynAUNUOHHbLIA UMMYHUTET K BUPYCY SARS-COV-2
B PAMKAX TEOPUMN CAMOPETYNALUU SNUAEMUYECKOIO NMPOLIECCA

MuHckasi obnacTHas knuHuyeckas 6onbHuua, MuHck, benapych

lMpedcmaesneH 0630p o passumuu anudemuu, ebidsaHHoU SARS-CoV-2, 8 pamkax meopuu camopeaynsayuu snudemu-
yeckozo fnpouecca, UHOyyUpo8aHUe osI8IEHUS] 8UPYCO8-MYyMaHMmMo8 2emepo2eHHOCMbIO0 MOMyasuuu «8Upyc — Hacerse-
Hue», ¢hasbl pazsumus anuOeMu4yecKkoeo npoyecca U HeB03MOXHOCMb c030aHUsl MOMyAssyUOHHO20 UMMyHUMema
K SARS-CoV-2 & cospeMeHHbIX coyuarbHbIX U 3MUOemMuoioauyecKux ycrosusx.

Knroyeenie cnoea: SARS-CoV-2, meopusi camopeaynsayuu anudemuyecko2o rnpouyecca, 2emepo2eHHoCmb ornyrns-

yuu, ﬂOﬂyﬂﬂL{UOHHbI[] ummyHuUmem.

A review on the development of the epidemic caused by SARS-CoV-2 within the framework of the theory of self-
regulation of the epidemic process, induction of the appearance of mutant viruses by the heterogeneity of the “virus —
population” population, the phases of the development of the epidemic process and the impossibility of creating population
immunity to SARS-CoV-2 in modern social and epidemiological conditions are presented.

Key words: SARS-CoV-2, theory of self-requlation of the epidemic process, population heterogeneity, population

immunity.
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POPULATION IMMUNITY TO THE SARS-CoV-2 VIRUS IN THE FRAMEWORK OF THE THEORY OF SELF-REGULATION OF

THE EPIDEMIC PROCESS.
V. V. Sushchevich, A. A. Linkevich

Bo3HMKHOBEHNE MHPEKLUMOHHOrO npouecca
N ero passutve OO YPOBHS anuaemuu/naHaemumm
onpeaensieTcs aNMAEMUONOrM4ecKMMmM 3akoHaMm
Xn3HedesaTenbHOCTN BO30yauTEens n reTeporeHHo-
CTV nonynsaunMmM BOCNPUMMHYUBOrO KOHTUHIEHTA,
BKINtOYas MHOroakTOPHbIN 3NNAEMNOSIOrNYECKNIA
PUCK N OUHAMWKY Pa3BUTUSA ANMAEMUYECKOro Npo-
Lecca, KOHTarmo3HoCTb BO30yanTens un ero cBon-
CTBA UMMYHOIE€HHOCTU, XapakKTEPUCTUKN BOCMNpU-
UMYMBOW NOMyNSALUMM 1 Tanbl GOPMUPOBaHUSA UM-
MYHHOW MPOCIOWNKN.

COVID-19 — HoBas nHdekums. OgHako BO3-
OyauTenb naHAeMUN KOPOHABUPYCHON MHAEKLUN
(COVID-19) nsBecteH y4eHbiMm ¢ 1965 r., korga
BrnepBble Obin M30MMPOBaH WTaMM 300aHTPOMNO-
HO3HOro kKopoHaBupyca oT 6onbHoro OPBU
n cgpopmupoBaHo cemencteo (Coronaviridae),
Bkntovatowee 46 sugos PHK-eupycos, o6beaun-
HeHHbIX B 2 nogcemencTtea [1]. Jo 2002 r. kopo-
HaBMpYyCbl paccMaTpMBannCb B KayecTBe areH-
ToB, Bbl3biBatowwmnx OPBW nerkon creneHn knu-
HMYeckoro nposBneHus. Bnepsble B nepuoa
c 2002 no 2004 r. kopoHaBupyc SARS-CoV u3
pona Betacoronavirus (pesepByap — netyduve
MbILW) CTan NPUYUHOW pa3BUTUSA anugemMum —
atunnyHon nHesmoHun (TOPC), nanee B Teve-

Hue 20 neT B MUpe perncTpupoBarsnca psag Kopo-
HaBMpPYCHbIX anngemun [2]:

— Bupyc SARS-CoV, Bo30yauTens aTUnNn4Hom
NHEBMOHUW, NEPBLIN criydan 3aboneBaHus Obin
3apeructpupoBaH B 2002 r. (nogTBepxaeHbl 774
cny4yas cmeptu B 37 cTpaHax mupa). C 2004 r. Ho-
BbIX CIly4aeB aTUNNYHOW NMHEBMOHUW, BbI3BAHHOM
SARS-CoV, He 3aperncTpmpoBaHo;

— Bupyc MERS-CoV, Bo36yantens GnmkHeBo-
CTOYHOrO PeCnMpaTopHOro CUHAPOMa 1 aNuaemMun
2012 r. (poq Betacoronavirus, pe3epByap — Bep-
6ntoabl) — Ha Apasuiickum nonyoctpose (82,0 %
cnyydaeB B CaygoBckon ApaBun) C BOBIEYEHNEM
23 ctpaH. [Jo 2021 r. 3apeructpmupoBaHo Gornee
5000 cny4aeB 1 912 neTtanbHbIX UCX0A0B. B Ha-
crtosiwmin momeHT MERS-CoV npogomkaeT unpky-
nuMpoBaTb B NONyNAUUN Nogen;

— Bupyc SARS-CoV-2, 0TBETCTBEHHbIN 3a NaH-
JEeMUI0 NHEBMOHUM HoBOro Tuna B 2019—2022 rr.
(pon Betacoronavirus, nogpopn Sarbecovirus).
McxogHbld WITaMM, BblAeNeHHbIN B YXaHe B ge-
kabpe 2019 r., aBnsieTca pedepeHCHbIM FEHOMOM.
KonunyectBo BapmnaHtoB SARS-CoV-2 B HacTos-
wee Bpems npebiwaeT 1000 reHeTUYECKNX SIUHUNA.
BOoNbLWNHCTBO 3aperncTpMpoBaHHbIX MyTauuin He
UMET 3NNOEMUYECKOrO 3HAYEHUS.
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Ncxopa ns pacnpoctpaHeHHoCTU u buonoru-
YeCKMX CBOMCTB (KOHTarmo3HOCTb, NMaTOreHHOCTb,
OTHOLLUEHMWE K HEeNTpanuayoLlen akTMBHOCTU aHTU-
Ten) BO3 Bbigenser BapuaHThbl, Bbi3blBalOLWme
o3aboyeHHocTb (VOC), n BapuaHTbl, Bbl3biBalo-
wme untepec (VOI).

BapuaHTbl aTa, nambaa v Mo OTHECEHbI K rpyrn-
ne VOI (tabn. 1), octanbHble — Kk rpynne VOC
(«BbI3bIBAKOLLMIA 032004YEHHOCTbY ).

B anBape 2022 r. B KOAP o6Hapy»eH HOBbIN KO-
poHasupyc NeoCov y nety4mx mbien. OH aBnseT-
Csl poAcTBeHHbIM Bo3dyautento MERS co ctene-
HbIO BUPYNeHTHoCTK, 6nnskon k SARS-CoV-2. Apeo-
noMm obuTaHUs Ha AaHHbI MOMEHT SIBNAKTCS ne-
Tyume mbiwn [3]. BnnsHme Ha opraHmMam YyernoBeka
n3yyaetcs.

MonynAuMOHHBLIN UMMYHUTET. IMEHHO BbICO-
Kas gonsa nonynsuMOHHOrO MMMyHUTETa SBNSAET-
ca 6apbepoM K pasBUTUIO aNMOEMUN B OTAENBHO
B3ATbIX CTPaHax Tak 1 NnaHAeMum B LiernioM. YnHoB-
HUKN MUHUCTEPCTB 34 paBOOXpaHeHns psiga cTpaH
3aaBnanu o HeobxoammocTtu npmeuTb 70,0 % Ha-
cerieHua Ana npepbiBaHUSA pacnpocTpaHeHus
SARS-CoV-2 [5, 6].

MaTtemaTnyeckme MOAENN Ha OCHOBE 3aKOHOB
3aNMOeMMonorMm No3BoNAT onpeaenuTb JUHaMK-
Ky pasBuTUS 3NUOEMUYECKOro npouecca, Takke
U Mogenb MMMyHUTETa, KOTopas AOoShKHa 3aluu-
LaTb HaceneHne ot HOBOW MHMekunn [7, 8J.

3HauMMbIN KpuTEpUin — H6A30BOE PENPOAYKTUBHOE
uncno (R;) MHMEKUMOHHBIX 3abonesaHuii (Tabn. 2).
KONMMYECTBO Nogen, KoTopble ByayT 3apaeHbl
B MOSMHOCTbLIO HE MMMYHU3UPOBAHHOM OKPYXXEHMWM
npy OTCYTCTBUM NPOTMBO3INUAEMUYECKNX Mep [9].

Heknapupyemoe ob6ocHOBaHWE JONWN BaKUUHU-
poBaHHoro Hacenenus 70,0 % ans OOCTUXEHUSN
nonynsAUMOHHOIro MMMyHUTETa 6asnpyeTca Ha pac-
yetax P. Fine n coaBT.: «oxugaemasi COBOKynHas
3aboneBaemMocCTb paBHa 0, ecrniv oxsaT NPUBUTLIX
nopaepxwusaetca Bbiwe VC = 1-1/R; = 67,0 %»
[10], To ecTb BbINOMNHSETCA TpeboBaHme Ansa no-
nynauum R <1. OgHako B nepeHoce AaHHbIX Bbl-
BOJOB Ha hopmupoBaHme NonynAaLunoOHHOro MMMY-
HuTeTa K SARS-CoV-2 He yyTeHbl BaXHble MOMEH-
Thbl, KOTOpble NpuBedeHbl ¥ P. Fine: «loporosbii
YpOBEHb MoNynsuMoHHOro nmmyHuteta (67,0 %)
obecneynBaeT 3aWwmUTy NONynAUUMK OT ANUSEMUMN,
ecnn R;=3 v Hanun4ne 100,0 % adheKTUBHOW

Tabnuya 1

XapakTepucTuka reHeTU4eckmnx nuHum SARS-CoV-2 [4]

Hanwve- NuHns Mepeoe 3HauMMbIE KnnHnyeckue nameHeHuns
H(og(a)%v;e (PANGO) o6HapyxeHve MyTaLuu TPaHCMUCCUBHOCTb, % netanbHocTb, %
Anbdha B.1.1.7 Benukobputanus, N501Y +29 [24—33] +59 [44—74]
20.09.2020 V70 P681H
beta B.1.351 FOAP, maii 2020 N501Y K417N +25 [20—30] YBenunyeHue
E484K
Mamma B.1.1.28 Bpasunus, Hosabpb K417T E484K +38 [29—48] +50 [20—90]
2020 N501Y
HenbTa B.1.617.2 | NHaus, okTabpb L452R T478K +97 [76—117] +137 [50—230]
2020 P681R
OncunoH B.1.427 CLUA, nrons 2020 W152C L452R +20 [19—24] —
[seTa B.1.1.28 Bpasunus, Hos6pb E484K — —
2020
Ota B.1.525 BenukobputaHus, A67V — —
nekabpb 2020 H69
TeTta B.1.1.28 OUNUNMUHBI, N501Y — —
(P.3) deBpanb 2021 E484K
Wota B.1.526 CLUA, Hos16pb 2020 | T95I — —
Kanna B.1.617.1 WHans, oekabpb L452R — —
2020
Jlambpa C.37 Mepy, aBryct 2020 D253N — —
L452Q
Mo B.1.621 Konymbus, sHBapb | T95I — —
2021
OMUKpOH B.1.1.52.9 | KOAP, 08.11.2021 N501Y Q498R [MoBblleHHad -75,0
E484Q K417N
Crenc- BA.2 BoTtcBana, KeHus, T19I [MoBblleHHas -75,0
OMMKPOH FOAP, Hos6pb 2021 | P26S
G142D
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Tabnwunya 2

PenpoayktusHble ynucna (Ry) annaeMmyecknx MH(eKLIMOHHbIX 3aboneBaHU

3aboneBaHne Cnocob nepegaun Ro
Kopb BosagyLuHbIin 12—18
BeTtpsaHas ocna BosgyLiHbin 10—12
dOnmuaemMnyecknini NnapoTuT BosgyLuHo-kanenbHbIn 10—12
KpacHyxa BosgylHo-kaneneHbIin 2—5
Kokntoww BosgyLlwHo-kanenbHbIn 55
HaTtypanbHas ocna BosgyLHo-kanenbHbIn 3,5—6
Covid-19 BosayLuHo-kanenbHbINn 1,4—5,7
AtunnyHas nHeBmoHus (SARS-CoV) BosayLluHo-kanenbHbIn 2—5
OudbTtepus BosayLuHo-kanenbHbINn 1,7—4,3
Wcnanckui rpynn (H1N1), nangemums 1918 r. BosgyliHo-kaneneHbIi 1,4—2,8
Mpunn (naHaemnyHbIn BUpYCc H1IN1 09 — Pandemic (H1N1) 09 Virus), | BosgywHO-kanensHbIn 1,4—1,6
naHgemms 2009 r.
Monuomuenut dekanbHo-opanbHbIN 2—5
Onupgemus nuxopaaku 3b6ona B 3anagHon Adpuke YXupgkocTtun Tena 1,5—1,9
CvHOpoM NprobpeTeHHOro MMMYHHOIo AeduumTa XuagkocTtu Tena 2-5

BakuuHbl (E=1,0)» (cm. Tabn. 1), 4YTO He COOTBET-
CTBYET 3NUOEeMUONOrMYeckUM XapakTepucTnkam
COVID-19 (R,=1,4—5,7); Takxe 3awurta OT cuMn-
TOoMaTU4eckoro tedyeHus mHgekunn COVID-19
(snnaemunonoruyeckasa aPEKTUBHOCTL) Yy Bak-
umH: Gam-COVID-Vac (Sputnik V) — 91,0—
91,6 %, Pfizer-BioNTech — 95,0 %; mPHK-1273
Moderna — 92,0 %; Oxford/AstraZeneca —
63,1 %; Sinovac-CoronaVac — 51,0 % [11—15].

HayuHble ctatbn B PubMed (6a3a gaHHbIX me-
OVMUMHCKMX ny6nukaumin), onyobrnmMKoBaHHbIX A0
25.01.2022, oTpaxkatoT aHanorn4Hble unm onmskmne
K HAM nokasatenu addeKkTMBHOCTU BaKLUMH [16].

KoadhdumumeHT R B nocnegHve rodbl Nony4usn
LUMPOKOE pacnpoCcTpaHeHne B anugemuornornye-
CKOW XapakTepucTnke MHGeKUnin, NOTECHUB TEPMUH
UHOeKc KoHmaauos+Hocmu (I ) — Jonto nuu 13 Yuc-
na BOCNPUNMUMBBIX (paHee He 6OMEBLUMX 1 HE NpK-
BUTLIX), KOTOPblE 3a00Menu KIMHUYECKM BbIPaXKeH-
Hon cbopMon 6ofe3HM Nocre UX KOHTaKTa ¢ UCTOY-
HUKOM MHEKUUn B npegenax anMaemMmn4eckoro
ovara. [Npu xapakTtepucTuke | ykasbiBasnocb Ha 3a-
BMCUMOCTb €ro OT BUPYNEHTHOCTU BO3OyanTens
N CTeneHn BOCMPUMMYMBOCTN OpraHu3ma K Bo30y-
avTento, kotopas obycnosreHa BpOXAEeHHbIM Unu
NprnobpeTeHHbIM NMMYHUTETOM [17].

OpHako cornacHo onpegeneHnsam 3To MaTema-
TUYeckMe MoAenu anuaeMmn4eckoro npouecca
B YCMOBUSAX OTCYTCTBMS NPOTUBOINUOEMUYECKUX
MEepOMnpUATUA, YTO Ha NPaKTUKE He BCTpeyaeTcs.
Hamu e paccuutbiBaeTca R, ucxoasa us perucr-

puUpyeMbIX nokasatenen 3aboneBaemMocTu B pam-
Kax CNoXuBLUenCca annaemMmnyeckon cutyauumm
N KOMMJIeKca NpoTuBoanugemMmyeckux mep. Cne-
A0BaTeNbHO, pacyeTHOe 3HaveHne R 3Hauutenb-
HO HWXe peanbHoro. imeeT MecTo u psa apyrux
3NNOEMUNONOrNYECKMNX DaKTOPOB, 3HAYMMO BIUSIHO-
wux Ha R,

B cnyyae npucyTcTBMSI CE30HHOMO NogbeMa UIm
crnaga (4to mbl Habnogaem y COVID-19) konnye-
CTBO 3apakeHHbIX BapbUPYET B pa3Hble CE30HHbIE
nepuvogpl roga, criegoBaTesibHO, PUKCUPOBAHHOE
3HaveHve R HenpumMeHMMo ANa XapaKTepuCTyku
3NNOEMUYECKOrO MpoLecca — BaXKeH AnanasoH
[18, 19].

C uenbto yyeTa BNUSHUA BakUMHALUUKN Ha pas-
BUTME 3NMAEMUYECKOro npouecca u, crnenosa-
TenbHo, Ha R BBOAUTCA KOIUUMEHT R — agp-
pekmuesHoe pernpodykmusHoe 4yucrio, rae R =
R,— R, x|, rae | — pona uMMyH13nMpoBaHHoro Ha-
cenenus. Ecnu R >1, To Ha HayanbHOM aTane anu-
AeMum 4ncro 3aboneBLmnx 6ByaeT pacTy SKCMOHEH-
umanbHo. [Jonst MIMMYHHOrO HaceneHus, Kotopas
oCTaHaBfMBaeT pa3BuUTME ANUOEMUN, paBHa:
I =1 - 1/R,. Ho ath(eKkTMBHOCTb BaKUUH He
100,0 %, cnegoBaTenbHO, OXBaT BakUMHALUWEN, He-
00xoauMbIN ANns npegoTBpaLLEHNSsT Pa3BUTUS 3NK-
gemun SARS-CoV-2, gomkeH OblTb OYEeHb BbICO-
kun: 96,0—99,0 % (cm. Tabn. 2) [20].

Pan nccnepoBaHui B obnactu gokasaTteribHON
MEANLUNHbBI s NpepbiBaHNSA 3NMAEMUN 0O0CHO-
BbiBAKOT A0SO MPUBUTLIX NPOTUB BUPYCHbIX
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nHpekumnn B 95,0—98,0 % cny4vaes. Takon ypo-
BEHb MONYALNOHHOIO MMMYHUTETA ABNSETCS OC-
HOBHbIM TpeboBaHMEM B HaLMOHarbHbIX KaneHga-
pAX NpodUNakTUYECKUX NPUBMBOK C LieNblo Npo-
dunaktukm anngemunin. Jons NnpuMBUTLIX MEHee
95,0 % He obecneunBaeT NOMNynsLMOHHOIO UMMY-
HuTeTa. PaccmoTpum noateepxaaroLme akThbl.

B AHrnum cHmxkeHme oxeaTa BakuuHaUMen Ao
80,0 % n3-3a 60A3HN pa3BUTUS ayTuama NpuBeno
K BO3HUKHOBeHWMo 6onee 1000 criyyaes kopu B rog,.
B CLUA, rge ctatyc anMMuHaumm Kopw 6bin goc-
TurHyT B 2002 1., B 2011 1. 3achmkcmpoBaHo 17 BCbl-
wek; 65,0 % 3aboneBLUNX HE UMENU NPUBUBKM NPO-
TMB Kopwu [21]. Takke OgQHUM U3 MHOMKATOPOB AN
anuMuHaumm kopn BO3 ctaBuT 3agady: «4mcno
CTpaH C ypOBHEM oxBaTa nepBoun 40301 NPOTUBO-
KopeBoWn BakuMHaummn >95,0 % Ha HaLUNOHaNbHOM
ypoBHe 1 >90,0 % BO Bcex pernoHax» [22].

Ona npodmnakTukm anuaemMuin ¢ KOHTaKTHbIM
MexaHu3MoMm nepegayvn gocrtatovHo 80,0 % npu-
BUTbIX NOAEN, C BO3AYLUHO-KanenbHbIM — Gornee
90,0 %. OgHako Ha npakTuKe M3-3a FreHeTUYECKUX
0COBEHHOCTEN opraHnama 1 psga opyrux npudmH
He y BCex Nnoaen BoipabaTbIBaOTCS HAaNPsXKeHHbIe
TUTPbI @aHTUTEN, U, cregoBaTeNbHO, C Y4eTOM J0-
BEPUTENBHOMO MHTEPBana (piSp) MOXeT notpebo-
BaTbCsA A0NA NpuBUTbIX HEe MeHee 95,0 %.

OTMeuYeH MHTepecHbIn gakT, YTo B obLlecTBe
C OTHOCUTENbHO BbICOKOW AOSIE HENPUBUTLIX
nogen puckn 3apasntbCst BbICOKM Jaxe Yy NpUBK-
TbIX [23], 4TO 0BYCNOBEHO reTEPOreHHOCTbLO Mo-
nynaumm «Bo3byantens — HaceneHuey. lNosiene-
HUIO KONMNEKTUBHOIO UMMYHUTETA MOTYT Takke npe-
NATCTBOBATb: @aHTUreHHbIN Apend (MyTaumm); 3a-
BO3 BMPYCOB U3 OPYrUX CTPaH C MHOW aHTUreHHON
CTPYKTYPOW; BbICOKWI yOENbHbIV BEC HENPUBUTDIX;
fonbLuas gons ngen, y KoTopbiX HET aHTUTEN UK
X TUTP SBMAETCA HU3KUM; a TakKe aKTMBHOCTb
AHTUNPUBMBOYHOIO OBUXKEHUS.

OpaHako gaxe npu SOCTMXKEHUWN KOSNEKTUBHOMO
UMMYHUTETA NPOTUB KaKoro-nmbo 3aboneBaHus, kak
nokasblBaeT MpakTuka, UHAEKLMS HE UCYE3aEeT.
EAVMHCTBEHHBLIM 3NMMMUHMPOBaHHBLIM 3a001eBaHNEM
Gnarogaps KONMnekTMBHOMY MMMYHUTETY SIBNSiETCA
HaTypanbeHas ocna (Variola vera), 4to 6bIno JOCTUr-
HyTO Grnarofapsi MacCcoBOW BaKLMHALMW.

B 3asBneHumn Hay4Hon komuccum no COVID-19
XypHana «Lancet» (n. 9, pasgen 2), kotopasi 0606-
Wwunna pesynbratbl UCCnefoBaHWn, rOBOPUTCS:
«Ecnun npnobpeTeHHbIN UMMYHUTET OT NepeHeceH-
HOW MHpeKUMM yTpaumBaeTcs No NpoLLEeCTBMMN Bpe-
MEHW, HECKOIbKMX MEeCcsILEB UK NeT, TO UMMYHK-

TeT Nonynauumn Tarke 6yaeT UMeTb OrpaHUYEHHbIE
pamMkn» [24].

Hay4yHble gaHHble MO 3TOMY BOMPOCY AOBOSBLHO
npoTVBOpEUMBhLI. Psa aBTopoB 06HaaeXMBatOT pesyrib-
TaTaMun UCCNEAOBaHWI, YTO Y BbI3AOPOBEBLLMX NOCIe
BCnbiwkn «nepsoro» SARS-CoV B 2002—2003 rr.
COXPaHAKOTCS KNETKM NamATh, KOTOpbIE pearnpyoTt
Ha 6enku atoro Bupyca gaxe cnycts 17 net [25].
SARS-CoV-2 n SARS-CoV — 310 pasHble BUpYChl, HO
TEM HE MeHee poACTBEHHbIe, U3 OOHOro CeMelncTBa.

B page nybnukaumn (PubMed) ykasaHo, 4to
puck penHdpekumm cHmsunca Ha 80,5—100,0 %
cpeamn Tex, KTo NepeHec KOPOHaBUPYCHYO MHAEK-
umnto; 0,7 % 3apasvnucb NOBTOPHO M3 NOMYMALMK
9119 yenosek ¢ COVID-19 (nepuog 01.12.2019—
13.11.2020). Mo gaHHbIM aBCTPUICKMX McCneno-
BaTenemn, YactoTa peumHdekumnn coctaensna 5 Ha
14 840 (0,03 %) yenosek [26].

ABTOopam n3ssecTtHo o 6 (0,84 %) cnyyasnx
B 2021 r. noBTOpHON 3aboneBaeMocTn vyepe3 4—
6 Mec OT nepeHeceHHoro 3abonesaHnsa ¢ TUMWY-
HbIMU KITMHWYECKUMU NPOSBIIEHNSIMU CpeaHeN CTe-
NeHn TSHKEeCTM B nonynauum nepeboneBLlmnx Yuc-
NeHHoCcTblo 712 yernoBek, 1 U3 HUX — TpWXKAbI.

dopmMupoBaHMe aKTUBHOro UMMyHUTeETa
kK SARS-CoV-2

YUMCneHHOCTb HaceneHusa nnaHeTbl Ha
01.01.2022 coctaBuna 7 939 797 941 yernoBek.
KonuyectBo nepeboneswnx COVID-19 B mupe,
no gaHHbIM yHuBepcuteTa [k. XOnKuHca, Ha
01.01.2022 cocTtaBuno 289 928 718 yenoBek, TO
€CTb yAernbHbIN BeCc nepeboneBLUnx Ha nrnaHeTe
coctasun 3,65+2,0x10* %. OyeBUOHO, YTO AaH-
Haa gonga nepeboneBLUMX aXe MO CpaBHEHUH
C pekoMeHOyeMbIM yaenbHbIM BECOM PE3UCTEHT-
HbIX K SARS-CoV-2 B 70,0 % cny4aeB siBnseTcs
KpaHe HU3KOM M He MOoXeT obecneynTb MMMYH-
Hbll Gapbep ANA HaceneHus 3eMHOro Lwapa.
Mocne 3apaxeHna SARS-CoV-2 Ha 01.01.2022
B Mupe ckoHyanucb 5 440 837 yenosek [27].
Mo OaHHbIM nopTtana Worldometer
(https://www.worldometers.info/ru/), koTopbii cne-
LUnanmanpyeTcsi Ha CTaTUCTUKE MO BaXXHENLLUM MU-
POBbIM COObITMAM, KO3I(PULNEHT CMEPTHOCTHU Ha-
ceneHus nnadeTbl Ha 01.01.2022 coctasun 0,07 %.

[laHHbIe KpUTEPUN XapaKkTepuayoT obLLeMnpo-
BYIO TEHOEHUUO pa3BUTUSA 3NMOEMUYECKOTrO
npouecca 1 ABnAsTCa TeM aNUAEMUYECKAM Npec-
com ana SARS-CoV-2, kotopbii hopmupyet ba-
pbep 48 pacnpoCTpaHeHUsi MaTOreHHoro Bnpyca
N OOHOBPEMEHHO CTUMYNIOM K Fr€HEeTU4YeCKOMn
N3MEHYNBOCTW.
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M3BeCTHO, YTO MMEHHO Moan ¢ ocnabneHHbIM
UMMYHUTETOM (MONyYatoLLme MMMYHOCYNPECCUBHYHO
Tepanuio 1 naumeHTbl ¢ UMMyHOLEMULMTOM, a Tak-
XXe C 3HAOKPVHHOM NaTONOrnen) ABnsTCA TeEM «Mo-
FIMFOHOMY», Ha KOTOPOM HOPMUPYETCS reHETUYEeCKas
n3amMeH4YmMBoCTb Bupyca [28]. CnegoBaTenksHo,
WMEHHO 3Ta KoropTa Niogen ABnAeTCa CKPbITbIM
N ONUTEeNbHO OYHKULMOHUPYHOLWMM UCTOYHMUKOM
SARS-CoV-2 1 pesepyapoM A NOCreayroLLero no-
SIBNIEHNS HOBbIX LLITAMMOB C NOTEHLMANIOM YKIOHEHUS!
OT CChOPMUPOBAHHOTO NONYMALMOHHOTO UMMYHUTETA.

pynna yyeHbix NIAID (CLUA) onucana criyyan
y 71-neTHen XeHLUMHbI C XPOHUYECKUM NUMAOoLM-
TapHbIM NeNKo30M, KoTopast B TeueHune 70 cyT sB-
nsanacb UCTodHnkom SARS-CoV-2. AHanormnyHbele
crny4Yau onucaHbl 6puTaHckuMK yyeHsiMu (61 cyT);
BblaeneHne SARS-CoV-2 y XeHLUMHbI C XpOHUYec-
kon numdponenkemunen (70 cyT); reHOMHOMN U Ccy6-
reHomHon PHK (105 cyT) nocne nepBoHavarnbHO-
ro gmMarHosa u Takke oo 162 cyt [29, 30].

X. Xaccnep nogHMMaeT BaXHbI BOMNPOC, KOTO-
pbi pewaeT cyabby nonynsunMoHHOro MUMMyHUTETA:
«Kakoe Bpems nocrnie 3apaxeHunss SARS-CoV-2 co-
XpaHAETCA UMMYHUTET, Npexae YeM YerioBek Cra-
HET yA3BUMbIM A5 NMOBTOPHOro 3apaxeHus» [31].

Mpodeccop x. . TayHceHA v COaBT. Ha OC-
HOBaHWN MaTeMaTU4YeCKOro MOAENUPOBAHUA YT-
BEPXAAtT, YTO NOBTOPHOE MHPULMPOBAHUNE
SARS-CoV-2 B 3HOEMMWYHbIX YCroBUsAX, Hanbonee
BEPOSATHO, NpoMcxoauT B nepuog ot 3 mMec
0o 5,1 roga (B NPOrHO3HbIX 3HAYEeHUsX), nocne
NMUKOBOIO 3HAYEHNs aHTUTEN, CO CPEAHNM 3Hauye-
Huem 16 mec. UMmyHHas 3awmta ot SARS-CoV-2

COCTaBNsAET MeHee MONOBUHbI NPOAOCIIKUTENBbHO-
CTK, BbIABNEHHOWN AN APYrnx aNnaeMn4ecknx Ko-
POHaBMPYCOB, LUUPKYNUPYIOLWNX cpean noaen
(95-n npoueHTunb: ot 15 mec o 10 net ana HCoV-
OC43; ot 31 mec po 12 net ana HCoV-NL63; ot
16 mec go 12 net ana HCoV-229E; ot 4 mec
po 6 net ansa SARS-CoV; ona MERS-CoV He nme-
N OOCTOBEPHbIX 3HaYeHui) [32].

dopmupoBaHue NOCTBaKLUMUHHOIO
MMMyHUTETa

[aHHbi Bug ummyHuteta kK SARS-CoV-2 dop-
MupyeTcsa nocpeacTBOM psiga BakuuH. Ha
01.01.2021 nonHbIN KypcC BakLMHaLUN B MUpe Npo-
wnum 3 895 183 292 (49,9 %) yenoseka. 1o gaHHbIM
BOS, B mupe BBegeHo bonee 7 mnpg 403 Bakuu-
Hbl, HO 6onee 70,0 % oT aToro KonMyecTea nony-
yunu Tonbko 10 cTpaH [33].

To ectb BO3 npusHaeT, 4Yto cos3gatb B MacLu-
Tabax Mypa NonynsAUMOHHbLIA UMMYHUTET He Npea-
CTaBnsieTcsl BO3MOXHbIM Kak U3-3a HEXBATKW Bak-
LUMH, TaK U 13-3@ WHbIX COLMaNbHO-9KOHOMUYEC-
Knx npobnem.

Henb3sa npuaHaTb NO3NTUBHbLIM ycnexom 6opb-
6y ¢ SARS-CoV-2 u B cTpaHax, 6narononyyHbIx
no goctyny kK BakuuHam. CLUA, UN3pawunb, cTpa-
Hbl EC, Poccua sanatotca nugepammn rno ypoBHIO
3abonesaemocTu. [lons NpMBUTLIX NIOAEN B CTpa-
Hax-nuaepax npueegeHa B Tabn. 3.

Camoperynsuusa napasuTapHbIX CACTEM —
nyTb K anuMmuHauum SARS-CoV-2

Teopusa camoperynaumm anngemMm4eckoro npo-
uecca (Teopusi camoperynsauum napasmTapHbiX
cucTtem) Gbina copmynmpoBaHa pPOCCUUCKUM

Tabnuua 3

AnuaemMuonorvyeckue nokasatenu no ctpaHam, paHXMpoBaHHbLIM

no gone npuBuThbix (Ha 01.02.2021)

3abonesaemMocTb MnoTHocTb
CrtpaHa flons HEMBMTHX‘ HaceneHus JletanbHoCTB*
% abc. Ha 100 000 Ha 1 km
HaceneHna

Kutaii 87,33 118 470 8,16 151,3 4,1
dpaHuus 75,98 15715 329 23880,95 119,8 0,8
Nranus 75,53 9 418 256 15543,19 201,1 1,5
Weeuus 73,00 1741710 17008,16 22,7 0,9
epmaHusi 73,21 8 502 132 10150,9 234,6 1,4
N3paunb 66,81 2 103 938 23682,23 402,6 0,4
Poccusi 64,41 10 754 905 7365,03 8,5 3,0
CLA 63,93 69 308 111 20678,41 34,8 1,2
Monblua 56,73 4 406 553 11632,35 121,2 2,3
NHgus 49,17 38 566 027 2737,02 428,7 1,3
Benapycb 39,28 721103 7628,77 45,5 0,8
YkpavHa 36,80 3870370 8890,5 75,5 2,5

* — k03(hPULIMEHTBI NETaNbLHOCTU HEe ABNAIOTCS OO BEKTUBHBIMU BBUAY PA3HOro NoAXoAa K CTaTUCTUYECKOMY yYeTy YMepLLMX
C OCHOBHbIMU ¥ ONONHUTENbHBIMU AnarHosamn B34.2, B97.2 (MKB-10).
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anuaemuonorom B. 1. Benskoebim B 70—80-¢ IT.
XX BeKa kak MexaH13M BHYTPEeHHeW perynsauum pas-
BUTUSI OMHAMUKN 3NngemMu4eckoro npouecca [34].

B Teopuu BblaeneHb! YeTbipe NonoxeHus, pop-
MUpPYIOLLME AaHHbIN MEXaHU3M:

* FeHO- U heHoTUNMYecKas reTeporeHHoCTb Mno-
nynauum napasuta n xosauHa (Bo3byamTerns — Ha-
ceneHune) no npu3Hakam OTHOLLEHWUS ApYr K Opyry;

* B3aMMOOOByCroBneHHass U3MeH4nBoCTb Buo-
NOrM4yeckMx CBOMCTB B3aMMOAENCTBYHOLUNX MOMy-
naymn;

* (pbasoBas camonepecTpoika nonynaumm napa-
3uTa N xo3snHa (Bo3byauTenb — Hacenelue),
onpeaensaLLas HepaBHOMEPHOCTb Pa3BUTUSA ANU-
AeMUu4eckoro npouecca;

* perynvpyrowas porb coumanbHbIX U NPUpoa-
HbIX YCNoBUIN B (pa3oBbIX Npeobpas3oBaHUsIX 3Mu-
AeMu4eckoro npouecca.

PaccmoTpum nonoxeHusa Teopum camoperyns-
Uun 3anmaeMuyeckoro npouecca.

FeHO- N dpeHOTUNUYECKAs reTepPOreHHOCTb
nonynsauumn napasuTa u xo3sivHa (Bo3doyaurenb —
HacerneHue) NO NpPU3HaKaM OTHOLUEHUs ApYyr
K Apyry. Pe3ynsrar B3aMMoaencTBms CUCTEMbI «na-
pasnT — XO3anH» («BO30yaUTENb — HaceneHue»)
Ha nNonynsunMoHHOM ypoBHe OBYCroBnMBaeTCA Hau-
bonee 3Ha4YMMbIMW CBOWCTBaMU: BUPYIEHTHOCTbLIO
BO30yauTENS Y BOCTIPUMMYMBOCTLIO HaceneHus. MNpu
3TOM nonynsaums Bo3byauTens HeogHOpPOAHa Mo
BMPYIMNEHTHOCTMK, a NoNynsAumnsa HaceneHus — no Boc-
NPUUMYMBOCTU/PE3NCTEHTHOCTH.

MpuymHON NONyNAUMOHHOW FeTEPOreHHOCTH
BO3OyauMTENS SABNAETCA NOTEHUMpYyoLLee BNUsHNe
OpYyr Ha gpyra Tpex OCHOBHbLIX OCOOEHHOCTEN:

1) MaccuBHOCTb W MAOTHOCTb NONYNALUN MUK-
pPOOPraHN3MoB U, Kak CrieicTBUe, BHYTPU- N MEX-
BMOOBOW KOHTAKT;

2) NOCTOAHHOE BO3HWKHOBEHWE MyTauun,;

3) AMCdyHKUMS cucTeM penapauun (MexaHus-
MOB BOCCTaHOBIIEHUSI) BO3HUKAKOLWMX MyTauun,
B TO X€ BpeMs UMEHHO 3TOT MexaHn3m obecneym-
BaeT 9BONIOUUNI0 BO3OyauTEnNS.

Bornee Toro, MeHHo nonynsAuMoHHas reTeporeH-
HOCTb B KOMMMEKCe C MyTaunOHHbLIM NPoLEeccoM
N ecTeCTBEHHbIM OTOOPOM NnexaT B OCHOBe ajarn-
TauMOHHON N3MEHYNBOCTN BO3DYyaAUTENS, KOTopas
dheHOoTUNMYECKN BblpaxaeTca B LenoM psaae
CBOWCTB MUKPOOPraHn3moB, HarnpuMmep B UX Cro-
coBbHOCTM NpmnobpeTaTb PE3UCTEHTHOCTb K 4E3UH-
dekTaHTaM 1 aHTUBMOTUKaM, a TaKkkKe U3MEHHATb
BUPYNEHTHOCTb, KaK CreAcTBMe — U3MEeHeHue
MHULMpPYOLLEn 003kl U (hopMMpoBaHME JOMUHU-

PYIOLLErO LTaMMa C UHbIMU MOPCOPYHKLMOHanMb-
HbIMW CBOWCTBaMMW.

SARS-CoV-2 B pamkax XunsHegesaTenbHOCTH,
kak n Bce PHKoBbie BMpyChl, aKTUBHO Hakanmu-
BaeT HYKNeOoTUAHble MyTauuu, 4TO NPUMBOOUT
K 06pa3oBaHnio OTAENbHbIX BUPYCHbIX NUHUKA. [1o-
siIBNeHne MyTaLuuin ABNseTca oxungaemboim, 1 60nb-
LUMHCTBO U3 HUX HE OKa3bIBaEeT BAUSHUS HA MOp-
dohbyHKUMOHaNbLHbLIE CBONCTBA BMpYyCa, O4HAKO
PSA U3 HUX MOTYT NPUBOAUTE K (PEeHOTUMMYECKUM
N3MEHEHUSAM.

BO3 B cOOTBETCTBMM C YPOBHSIMY BO30ENCTBUSA
Ha Nonynauuil HacerieHUs HOBbIX BapuaHTOB
SARS-CoV-2 Ha 01.01.2022 Bbigenset VOI (7 Ba-
punaHToB) 1 VOC (4 BapuaHTa).

OueBngHo, No mMepe aBonUMN BUpyca byaeT
poXgaTbCa pasHoHanpasfieHHasi MO BUPYEHTHO-
CTU FeHO- 1 PEHOTUNNYECKN reTeporeHHas mnomny-
naumns SARS-CoV-2. mobanbHbI FEeHOMHbIN HaA-
30p 32 MyTaUMOHHOM aKTUBHOCTbIO SABMNSAETCH BaX-
HbIM. Pe3ynbsraTtbl reHOMHOM aNnaeMMUoNnorum nc-
nonb3yTca Ans 060CHOBAHUA HaLWOHaNbHbIX
1 rnobanbHbIX peLLeHnia.

[eTeporeHHOCTb Nonynauun BOCNPUNMYUBOIO
KOHTMHreHTa/HaceneHms K MHAEKUMOHHbIM 3a60-
neBaHuaM obycrnoeneHa:

* NONMMOPU3MOM reHOB, AETEPMUHMPYHOLLINX Ha-
CreACTBEHHblE OCOBEHHOCTM UMMYHHOW CUCTEMbI;

* heHOTUMMYECKM pasHoobpa3snem, cBA3aH-
HbIM C nNpebbiBaHWeM B pa3HbiX NPUPOLHO-COLM-
anbHbIX YCrOBUSX;

* BO3gencTBmeM hakTopoB, BNUAIOLLMX HA PYHK-
UMOHanbHOEe COCTOSAHWE WMMYHHOW CUCTEMbI,
a Takke Ha popMMpoBaHNE N HaNPSHPKEHHOCTb Cre-
LMdUYEeCcKoro UMMyHuTeTa (B TOM YMCre NOCTBaK-
LMHanbLHOro).

B3anmoobycnoBneHHass MU3BMEHYNBOCTb
ononorn4yeckux CBOMCTB B3auMoOenCTBYHO-
WMX nonynsumm Bo30yaAUTENA U HacerneHus.
B xoge B3anmMopencremsa cuctembl «Bo3byau-
Tenb — YernoBeKk» nog BIUSHWEM BHELLHMX hak-
TOPOB U @HTarOHNUCTMYECKOro B3auModencTBus
BO30yauTENb N3MEHSET YPOBEHb BUPYIIEHTHOCTH,
a Yyenosek (HaceneHme) — ypoBEHb BOCNPUNMYN-
BOCTU/PE3UCTEHTHOCTM.

C uenbto aHanu3a 3BonUUN reHoma, NocTpo-
eHUs PUoreHeTnYeCcKnX KapT, MOHUTOPUHra reTe-
poreHHocTu nonynsauum SARS-CoV-2 BO3 co-
TpyaHu4aeT ¢ rnobanbHON CeTblo IKCMEPTHbIX
nabopartopuii B pasHbIx cTpaHax Mmpa — GISAID
(nHbopMaunoHHasa 6asa AaHHbIX NO HYKNeoTUA-
HbIM MocCrefoBaTeNbHOCTSIM reHOMOB BUpyca).
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Mo gaHHbIM reHOTUNMPOBAHUS CaMbIM CyLle-
CTBEHHbIM 1 YCTONYMBLIM UBMEHEHMEM B reHOMaX
SARS-CoV-2 aBnsaTca cBs3aHHble eauHUYHble
myTauumn B reHax ORF1b (P314L) n S (D614G).
leHeTn4yeckaa nocnegoBaTenbHocTb WIV04/2019,
BEPOSITHO, ABMSETCH UCXOOHbIM LUTAMMOM, M3Be-
CTHbIM KaK «reHeTudyeckas nocrnegoBaTeribHOCTb
Honb» [35]. 3ameHa B reHe S (D614G) accouun-
pPYyeTCsi CO CHUXKEHUEM BUPYMEHTHOCTU LUTaMMOB
SARS-CoV-2. BnusHue mytaumm B reHe ORF1b
(P314L) Ha dpeHoTunnyeckne ceonctea SARS-
CoV-2 nsy4yeHbl HegocTaTtouHo. MyTtaumn P314L
n D614G TecHO cBsi3aHbl, U TOMNMbKO UX COBMECT-
HOe MPUCYTCTBME B FEHOME [aeT NpenmyLLecTBO
B pacnpocTpaHeHUN AaHHbIM WTammaM. AHanua
ANNOEMMNONOTNYECKUX OAHHbIX CBUOETENbCTBYET
0 TOM, YTO pacnpoCTpaHeHNE HOBbIX FreHOBapuaH-
ToB SARS-C0OV-2 cBsI3aHO € UX BUoNorm4eckummn
cBoWcTBamMu, obrervarowmmmn nepegady Ha nony-
NAUMOHHOM YPOBHE, MPU 3TOM CHMKEHME neTanb-
HOCTU MOXEeT oTpa)kaTb He TONbKO nporpecc
B MeToax NeyeHnsi, Ho 1 ocriabneHvne BUpPYneHT-
HOCTK Bupyca. Yemy noarBepxaeHne reHosapwu-
aHT SARS-CoV-2 — omukpoH (B.1.1.529), noto-
Mok SARS-CoV-2 — B.1.1 [36]. JaHHbln wTtamm
nMeeT MHOro HeobblYHbIX ocobeHHocTen. YacTb
mMyTauun (ux 6onee 30 B cnankoBom 6enke) noxo-
Xa Ha myTaumn geneta- n 6eta-lWTaMMoB, O4Ha-
KO, MO OaHHbLIM Ha KoHeL Hos6pa 2021 r., He Obinn
BbISIBNIEHbI LUTAMMbI C NMPOMEXYTOYHBIMU MyTaLu-
AMU, KOTopble OBbIMHO MPOUCXOOAT MpPU 3BOSMIO-
ummn «gukoroy» supyca. OTCyTCTBUE NMPOMEXKYTOY-
HbIX MyTauuin Bupyca B nonynaumm HeobblYHO
N OKasanocb HeOXWOaHHbIM LS BUPYCOMOroB.
OMMKPOH HacTOMbKO OTRMYaeTcss OT MUMSIMOHOB
reHomoB SARS-CoV-2, koTopble 6binn onyonmko-
BaHbl, YTO OMNPEAENUTb ero bnmxanero poacTBEH-
HWKa HEBO3MOXHO, roBopuT Q. XoaKpodT, BUpYCO-
nor bepHckoro yHusepcuteta [37].

Pernctpupyembliii noteHumnan pacnpocrpaHe-
HUA Ha (POHE CHUXEHUS BUPYIIEHTHOCTU, BEPO-
SATHO, SIBMSETCA OCHOBHOM hOpMOKM aganTtauun
HoBoro wrtamma SARS-CoV-2 (OMUKPOH) K Yye-
noseyeckon nonynsauun n Gyaet npogosxkaTtb-
Ca B JanbHeNnwem B BMAe ero uUHterpauyumu
B CTPYKTYpY Ce30HHbIX Bo3byantenen OPBWU.
C anngemmonormyeckomn ToYKN 3peHns n ¢ y4ve-
TOM KITMHUYECKMUX NPOSIBIEHNI KOPOHABUPYCHOW
MHpekunmn, BbidBaHHOM Omicron, OaHHbIN
LWwTaMM, HeB3Mpas Ha ero NpMpoLgHOE NPOUCXOX-
OeHne, TeEoPEeTNYECKN MOXHO OTHECTU K KaTero-
pUN BaKUUHHbIX.

das3oBas camonepecTponka nonynauum na-
pasunTa 1 xo3siMHa (Bo30yauTenb — HacerneHue),
onpepensowas HepaBHOMEPHOCTb pa3BUTUSA
anunaemMmyeckoro npouecca. /IameHeHne cBoMCTB
B3aMMOAENCTBYHOLLEN CUCTEMbI «BO30yaUTEND —
HaceneHne» HOCUT OUHaMUYHLIA 1 Pa30BbIA Xapak-
Tep (PUCYHOK), YTO OOBSCHAET HEPAaBHOMEPHOCTb
NPOSIBMEHNIA ANMAEMUYECKOro NpoLuecca B OTAemMb-
HbIX TeppUTOPUAanbHbLIX, CoOLManbHbIX 1 BO3PACTHbIX
rpynnax Hacenexusi. B »u3HeHHOM uumkne nonyns-
Lum Bo3byauTens B paMkax TeopUmM camoperynsumm
BblOENSoT YeThbipe dasbl:

1) pesepBauny;

2) anugemMmunyeckoro npeobpasoBaHus;

3) anugemMmnyeckoro pacrnpocTpaHeHus;

4) pesepBaUMOHHOro npeobpasoBaHus.

OcHoBHbIMUK (bakTOpamu, onpenensowmmm
CKOPOCTb (hOPMMPOBAHNS ANNGEMUYECKOTO LUTAM-
Ma 1 ero BUPYIEeHTHbIW NoTeHumarn, ABAsTCa Yuc-
NEHHOCTb BOCMPUMMYMBOrO KOHTUHIEHTa N aKTUB-
HOCTb MPOSIBNEHUA MexaHM3Ma nepegayn Bo3ody-
ANTENs, TO eCTb KONMYEeCTBO BOCMPUUMYMBbIX NNLY
B LIENW LMpKynsumMm Bo3byanTens B eguHULY Bpe-
MEHMU, criegoBaTenbHO, UHTEHCUBHbBIE NOKa3aTenu
3aboneBaemMoCT HEOAMHAKOBbI B KOMNeKTuBax
pasHoM MrAOTHOCTMW.

OpHako camoperynsaymsa anugemMunyeckoro
npouecca — 3TO OTBETHasa peakuus Bupyca Ha
perynauuio — BHelWHee BO3gencTBme. dnuge-
MUM pasBMBalOTCA TaM W Torada, rae co3garTcd
counanbHble U/Mnu NPUPoAHbIE YCNOBUA, CTUMY-
nupyowme nepexod ot ¢asbl pesepBaunmn Bos-
oyoutensa kK case anMaeMmn4eckoro pacrnpocTt-
paHeHns.

N3 atoro crnepgyet, YTo NpuMpogHble N coum-
anbHble akTopbl CMNOCOBGHbLI HE TOMbKO BMWUSATD,
HO W perynupoBaTb (pa3oBble NpeobpasoBaHUs
napasutapHbIX CMCTEM, Takke cosgaBaTb Gnaro-
npusaTHble UNn HebnaronpuATHble yCnoBusa AN
hopMrpoBaHUA 1 pacnpoCTPaHEeHNUs anuaeMmyec-
KOro BapuaHTa Bo3byauTens.

B psige uccnepoBaHMini Ha OCHOBE MeTaaHa-
nn3a yKasblBaeTCs Ha Hanvune akTtopos, AeTep-
MWUHUPYHOLLNX UMMYHOMOIMYECKY reTeporeH-
HOCTb nonynauunm HaceneHusa. Hanbonee «cna-
ObIM 3BEHOM» MONyNAUUY ABASKOTCA N0AN C UM-
MyHoZeduumMTamm UM MMMYHOCYNPECCUBHbLIM
cocTtosiHueM. [laHHoe cocTosiHMe nopoxgaeT He
TOMbKO reTeporeHHOCTb NoNynAunn, HO 1 cnocob-
cTByeT hOpMMPOBaHMIO MYTaHTOB U, Kak crnea-
cTBUe, ha3oBOMY NPOSABIEHUIO 3NUOEMUYECKOrO
npouecca.
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®asbl AMHAMUKM pPasBUTUSA 3NMOEMUYECKOro npoLlecca.
Ha ocu abcumcc — Bpems (t);
Ha OCM OpAMHaT — MnokasaTenu BUPYNEHTHOCTU
n 3abonesaemocTn. | — dasa pesepsauuy;
Il — casa sanngemmnyeckoro npeobpasoBaHus;
Il — dasa anuaemMuyeckoro pacnpocTpaHeHus:;
IV — asa pesepBaLmoHHOro npeobpasoBaHus

Perynupytowas ponb coumanbHbIX U NPUpoa-
HbIX ycnoBun B pa3oBbIX NpeodpasoBaHUAX
anunaeMuyeckoro npotwecca.

Baanmopgencrtame nonynsumoHHbIX CUCTEM «BU-
pyc — HaceneHue» npoucxoauT B AUHAMUYECKU
MEHSIOLLMXCS COLManbHbIX U NPUPOAHBIX YCIIOBUSIX,
AETEPMUHUPYHOLLIMX Pa3BUTUE INUAEMUYECKOro Npo-
Lecca, KoTopble MOXHO 06 beAVHUTD B TP rpynnbl:

* hakTopbl, onpeaensaowme pasnuyHole dop-
Mbl nepemMeLleHns nogen (MMrpauuoHHbIE N AMUT-
pPauMOHHbIE);

* (haKTopbI, ONPeaensioLLmMe akTUBMU3aLMIO/NPOTH-
BOOENCTBME MexaHu3Ma nepefayun Bo3dyautens;

* (paKTOpbl, CHWXaKWne UMMYHUTET U pesunc-
TEHTHOCTb MHAMBMAYYMa (Monynsauun).

AHTUrEHHbIN (rEHOTUMNMYECKNIA) CnekTp Bo3byan-
Tensi 3aBUCUT OT CTaguu pasBUTUS ANUOEMUYECKO-
ro npouecca. Tak, nepexog 13 ¢asbl anMgemmuye-
ckoro npeobpasoBanus (1) B hasy snngemmyeckoro
pacnpocTpaHeHus (lll) xapakTepnsyeTcs He TOMbKO
POCTOM BUPYMNEHTHOCTU OMUHUPYHOLLErO LWTaMma,
HO M POCTOM 4YuCra MyTaHTOB (Ha MWKe anuaemun
COVID-19 umpkynuposarno 11 aHTUreHHbIX BapuaH-
ToB SARS-CoV-2: 7 VOI n 4 VOC).

MosiBneHne mytaHta SARS-CoV-2 B.1.1.529
Omicron v ero UMpKynauus B NONynsauun Hacene-
HWUSI C YY4ETOM ero ypoBHSA BUPYNEHTHOCTM WU KIu-
HUKO-3MNOEeMUNOSIOrMYECKNX XapaKTEePUCTUK NpuBe-
nn annaeMmyeckuin NnpoLecc KOPOHaBUPYCHOM
NMHeKumMmn K base pesepsaumm [38].

OpHako dakTopbl, AeTEPMUHUPYIOLLME FreTepo-
reHHOCTb NONynsAUMM HacerneHus nNo CTeneHun pe-
3UCTEHTHOCTU, 0BYCNOBNEHHON UMMYHUTETOM,
Cnoco6CTBYIOT MYTaLMOHHOW aKTUBHOCTU U MOSIB-
NEHUI0 HOBbIX LUTaMMOB, YTO, B CBOK ovepeib,

nepeBoanT anNngemMmyeckuin npouecc B ¢asy anu-
OEeMMNYEeCcKoro pacnpoCcTpaHeHUs — HOBOW BOJIHbI
3aboneBaemMocCTL.

Takum 06pa3oM, UMEHHO KOPOTKUI CPOK UMMYH-
HoW 3awuThl (y nepeboneBLlumMx — o 3 Mec, y npu-
BUTbIX — [0 6 MeC), a TakKe Hu3kas coumarnbHas
OTBETCTBEHHOCTb HACENeHUs K BakumMHaLMn npak-
TMYECKN BO BCEX CTPaHaX MMpa, NOfTHoe OTCYTCTBUE
UM HU3KOE KayeCTBO BO MHOIMX CTpaHax mupa
paboThbl C KOHTaKTaMM NEPBOrO YPOBHS, CITOXXHOCTb
nomcka n BbISIBNEHUST UCTOYHMKOB BUpYyCca cpeau
OHKOMOrM4yecknx 6oMNbHbLIX 1 B LLENOM UL, CO CHU-
XEHHbIM MMMYHUTETOM (MMMYHOCYNPECCUBHbIX),
HU3KWUI yOernbHbI BEC BaKUMHMPOBAHHLIX KaK Ha
AdprKaHCKOM KOHTUHEHTE, TaK U B LIEfNIOM B MUpe
(nonHeIM Kypc BakunHauun nonyyuno 49,9 % Ha-
ceneHunsl) 1 OOHOBPEMEHHO HEBBICOKUIA YAEMNbHbIV
BecC nepebonesBlmnx Ha nnaHete (3,65 %), TO ecTb
NonynAUNOHHbIA UMMYHUTET MUMeeT YypPOBEHb
53,6 %, a Takke pe3koe CHUKEHNE akTUBHOCTY Bak-
LMHONPOMUNAKTUKN B BECEHHE-NIETHUIN U OCEHHUIA
nepuoabl BAUAIOT Ha pesKkoe yxyaLeHusie anuacu-
Tyauumm No KOPOHaBUPYCHOWN MHpeKunn. Takke ak-
TUBHbIN @HTUTEHHbIN Apend 1, KOHEYHO, MHOroneT-
HWUIA ONMbIT (NPY OOCTUXEHMN UMMYHHOW NPOCIONKM
B 93,0—95,0 %), oTcyTCTBME ANUMUHALMM BO3OY-
antenst nHgekummn (Kopb, KpacHyxa, NofMoMUEnnT
1 p.) FOBOPSAT O HEOAHO3HAYHOCTU U CIIOXKHbIX Me-
XaHM3Max NPOSsIBNEHMS 3aNMAEMUYECKOro npoLecca.
CnepoBaTenbHO, BO3MOXHOCTb (hOPMUPOBAHUSA MO-
NynAUMOHHOro nMMyHuTeTa kK SARS-CoV-2 nytem
OOCTMKEHUA UMMYHHOW npocronkun B 70,0 % aBns-
€TCS QUCKYCCMOHHOW, Ha YTO YKa3bIBatoT U psif, MHO-
CTpaHHbIX uccregosaTernen [24].

Camoperynaums anngemMmyeckoro npouecca
N reTeporeHHoCTb nonynsauni «Bo3byauTtens —
HaceneHne» NpuBenu K NOSBIEHNI0 MyTaHTOB TUNa
OMUKpOH (B.1.1.52.9) n ctenc-omukpoH (BA.2).
BbiTecHeHue anngemunyeckoro wtamma SARS-
CoV-2 (B.1.1) gpyrumn, 4To Npu BbICOKOW KOHTa-
TMO3HOCTU MYTAHTOB U HU3KON BUPYIIEHTHOCTU
NPYBENO K akTUBM3aLnmn aNngemMn4eckoro npouec-
ca C BbIX04OM Ha dhasy anmaeMuyecKkoro pacnpo-
CTPaHEHNsa M NPO3NUAEMUYMBAHNSA HACENEHUS.
MIMEHHO ecTecTBEHHble MeXaHW3Mbl camoperyrs-
UMy anMaeMu4eckoro npoecca, Kotopble 4onors-
HAKOT NPOBOAUMbIE B TeYeHMe 2 neT NpoTUBO3NK-
AeMuyeckue mMepbl, SBUNUCb 3Ha4YMMbIMKU B CO3a-
HUWM NONYNSAUMOHHOTO MMMYHUTETa K SARS-CoV-2.
OpHako B COOTBETCTBMM C 3aKOHOM CaMoperyns-
UMK napasuTapHbiX CUCTEM, pesyrnbTaT KOTOpo-
ro — as3HoCTb anmageMuyeckoro npouecca
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N reTepOoreHHOCTb NOoNyNAunKn (Ha NUKe anugemMmmn
COVID-19 uunpkynupoBano 11 aHTUreHHbIX
BapuaHToB SARS-CoV-2), cnegyet oxungatb nosie-
NIEHNS HOBbIX MYTaHTOB C HOBbIMW aHTUIEHHbIMM
CBOWCTBaMW W, Kak CrneacrtBue, nepexoga anuae-
Muyeckoro npouecca SARS-CoV-2 13 dasbl pesep-
Baumu B (pasy anngemMmn4eckoro pacnpoCTpaHeHus.
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CMHOAPOM XEEP®OPATA — BAJIbAEHCTPEMA Y NALUEHTA C CAPKOMOO30M

'Benopycckas MeguUnHCKas akagemus nocneaunnomHoro obpasosanus, Muxck, benapyce,
ZMwuHCKkuin obnacTHoi NnpoTMBOTYOEepKyNesHblit gucnancep, Muxck, benapycb

lNpusedeHo pedkoe KMUHUYECKOE MPOosiBNIeHUe 2eHeparnu308aHHo20 capkoudosa C MopaxeHueM neskux, IuMgysnos
cpedocmeHUsi, OKOJIOYWHbIX, CITOHHBIX Xemes, 1uueso2o Hepea (cuHopom Xeepgopdma — BanbdeHcmpema). Kommnek-
CHOEe fledeHuUe 2/1FKOKOPpMUKOUAOM MposioHauposaHHo20 delicmeus, uHeubumopom B3, aHmuokcudaHmamu yepes
2 Mec 8bIS8UIO MonoXumerbHyto duHamuky. BonbHol npodomkaem feyeHue.

Knroyeebie crnoea: capkoudos, cuHopom XeepgpopOma — BanbOeHcmpema, fiedeHue.

A rare clinical manifestation of generalized sarcoidosis with lesions of the lungs, mediastinal lymph nodes, parotid,
salivary glands, and facial nerve (Heerfordt — Waldenstrom syndrome) is presented. Complex treatment with a long-
acting glucocorticoid, a PDE inhibitor, and antioxidants after 2 months revealed a positive changes. The patient continues

treatment.

Key words: sarcoidosis, Heerfordt — Waldenstrom syndrome, treatment.

HEALTHCARE. 2022; 12: 52—55.

HEERFORDT — WALDENSTROM SYNDROME IN A PATIENT WITH SARCOIDOSIS
V. S. Korovkin, M. I. Karatysh, E. |. Katibnikova, E. A. Lapteva, O. N. Harevich, I. V. Kovalenko, L. A. Bagajcheva

Mo coBpeMeHHbIM NpeacTaBfeHMaM capkou-
A03 — MynbTUCUCTEMHOE 3aboneBaHne HensBec-
THOW 3TMONOIMMK, XapakTepusytowieeca obpasoBa-
HMEM B NOpa)KeHHbIX opraHax anUTennonaHo-
KINeTO4YHbIX rpaHynem 6e3 kaseosa. Mopdonornye-
CK1M cybcTpaTtomM capkomaosa sSiBnsieTcsa anuTenu-
OWAHO-KINETOYHAas rpaHyremMa — KOMMakKTHOe CKOM-
NIeHNe MOHOHYKIIeapHbIX dharoymMToB: Makpogaros
N ANUTENMONAHBIX KNETOK C HanM4mMeM rmraHTCKmx
MHOrosiAepHbIX KNeTokK, MMMQOLNTOB 1 rpaHyoum-
TOB Unu 6e3 Hux. Mo gaHHbIM PegepanbHbIX KIK-
HUYECKMX pekoMeHdaumMin No guarHocTuke n neve-
HUIO capkomnpgosa, 3abonesaemoctb um B Poccumn
cocTtaBngaet oT 2 oo 7 cny4vaes Ha 100 000 B3poc-
FI0ro HacerneHusl, a pacnpoCcTpaHEHHOCTb — OT 22
0o 47 cny4daes Ha 100 000 [1].

OaHUM 13 pefKuMx NposABNEHU capkomngosa
(pybpuka D86.8 no MKB-10) aBnsaeTtca cuHApOM
XeepgopaTta — BanbgeHcTpema (Henpoyseona-
POTUAHBIA CUHAPOM, CMHAPOM Xeepdopara —
Munuyca, yseonapoTuT, yBeonapoTUTHas nmxopaa-
ka, yBeonapotut BanbaeHcTpema, covyeTaHue
NAOTHOW (y3NoBON) UHUNBTPaLUMm 06enx oKoro-
YLIHbIX Xenes, npygounknura, cybdebpunuteta
C Mpu3HakamMmun NOpaxXeHus YepenHbiX HEPBOB
(yawe BCero NMUEBOro W rrnasoaBuUraTenbHoro,
pexe — CnyxoBoro u 6nyxpgatowero), CMHHO-

MO3roBbIX HEPBOB, CTBOSIAa MO3ra Y MeHUHrearnb-
HbIX CUMNTOMOB). QTN CUMNTOMbI MOSABASIOTCA HA
doHe noTepun anneTuTa, NOXyO4eHUs, rTONTIOBHON
6onu, BereTaTMBHON OUCTOHWUW, YBEMNUYEHUS Me-
ANacTUHanbHbIX IMMEOY30B, NOPAKEHNS NETKKX,
N3MEeHEeHUS PYHKLMM OPYrMX OpraHoB.

CuHagpom XeepdopaTa (yBeonapoTuT, yBeona-
poOTUTHaA nuxopagka) Bnepsble Obln onucaH
B 1909 r. patcknum odptansmoriorom K. @. Xeepdop-
atom (1871—1953) n HemeUKnM 0PTanbMOnorom
K. Munuycom (1896—1991). NogpobHoe onucaHmne
Hen3BeCTHOM GonesHu npeacTaBun Takke LBen-
ckui TepanesT A. . BanbgeHctpem (1906—1996)
B 1937 ., KOTOPbI CBOMMW HAGNOAEHNSIMI OOMNO-
HUN Hay4HYK KapTWHY M KBanudpuumpoBan 370
COCTOSIHME KaK MpOosiBNeHMe capKkouaosa.

CumnTtomaTornorusa cuHgpoma Xeepdopara —
BanbgeHcTtpema:

* onuTenbHasa cybdebpunbHaa TemnepaTypa.

* UCTOLLEHWE, N3HYPEHMUE.

* Y3enKOBbIA MPUOOUMKIINT.

* XPOHUYECKMIA NapoTUT C YBENUYEHUEM
N YyNNOTHEHNEM Xerneabl.

* 4acTO OBYCTOPOHHEE y3eNKOBOE yBenmyeHme
N YyNnoTHEHMe CresHbiX Xenes (MHorga npouecc
pacnpoCTpaHAETCa TakkKe Ha CIIOHHbIE Xenesbl,
OCOGEHHO Ha NoaventoCTHbIE).
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* XpOHMYECKME BOCManuTenbHble NpoLecchl
B MOJIOYHOW Xenese, ANYHUKaX UIn andkax.

* HepedKo B NaToNIOrMYECKNin NpoLecc BoBne-
KaeTcs ueHTpanbHasi HepBHasi cucTema, B Takux
crny4yasx BbISBMAIOT napanuyn 4epenHoMOo3roBbIX
HepBOB (0COBEHHO NUUEBOro U rmasoaBuraTerib-
HOro), napanuyn cnuHanbHbIX HEPBOB, CUMNTOMbI
nopa)KeHns MO3roBOro CTBofa, NPOSBEHUS Me-
HUHreanbHOM peakuuu [2, 3].

CornacHo cTaTUCTUYeCKUM OaHHbIM, Npu cap-
Kongose y 6 % nauMeHToB AMarHOCTMPYHOT nopa-
XXEHUWE CINOHHbIX xenes, y 25—36 % — nopaxeHue
rnas. MNepegHuin yBeuT BbISBNAKOT B 2 pasa valle,
4yeMm 3agHui. MNaTonormsa npenmyLLECTBEHHO BCTpe-
yaeTcs y nuy, cpegHero Bospacta. lNpegpacnosno-
YKEHHOCTb K BOMNE3HN Y XKEHLLMH BbILLE, YEM Y MYX-
4ynH. CamonponsBosbHOE n3neyeHne HabnwogaeT-
cs B 90 % cnyyaeB. Tonbko 10 % GonbHbIX CTpa-
JaloT XPOHNYECKOW YyBEONapOTUTHOW NMXOPaaKom
CO CKIMOHHOCTBIO K pELMAMBUPYIOLLIEMY TEYEHMIO.

Hespornorunyeckne cMMnTOMbl Npy capkongose
pasHoobpasHbl. MoxeT pa3BuTbca napanuy ben-
na — OAHOCTOPOHHWIA Napanuy N1LEeBOro HepBaa,
OLVH 13 NPU3HAKOB XOpOLLEro TeyeHns 3abonesa-
Hus. MNapanuy benna — nguonatunyeckasi, camas
pacnpocTpaHeHHasa dopMa HerponaTumn nuueBo-
ro Hepsa. HassaHo 3abonesaHue B YyecTb Y. ben-
na (1774—1842), wotnanackoro pusmnornora v aHa-
Toma. Mo gaHHbIM nuTepaTypbl, 3aboneBaHune
BCTpeyvaeTcs npumepHo y 23 yernosek Ha 100 000
[4]. B AnoHum go 2000 r. 6110 onncaHo 53 criyyas
cnHgpoma Xeepdopara. Yaule aTo 6bm naumeH-
Thbl B Bo3pacTe 20—40 nerT, y XeHLLMH BEPOSTHOCTb
pasBUTUS CUHAPOMA Obina BbILE, YEM Y MYXXUMH.
OkoHYaTenbHbIM gMarHo3 capkougosa noaTBep-
Xaanu npu 6uoncumn. ABTopbl OTMETUN, YTO NO-
ne3HbIM B AMarHocTuke 6b1510 ckaHMpoBaHue ¢ ran-
nmem-67, KOTOPOE BbISIBMANO MOBbILUEHHbIA 3ax-
BaT M30TOMNa NMpu NOpaXeHun rnas, napoTUaHbIX
Xenes u KopHen nerkux. NpumeHeHne npegHns3o-
floHa noHagobunocb B OTAESNbHbBIX CryYasax npu
napanuye nuueBoro Hepsa [9].

M3HavyanbHO npu napanuye Bo3HMKaeT 601b 3a
YyXOM, 3aTeM NosBMsieTcs cnabocTb UM napanuy
nonoBuHbl nuua. MNMaymeHT nepecrtaeTt 4YyBCTBO-
BaTb BKYC MepegHen 4acTblo S3blka Ha NOpaXxeH-
HOW cTopoHe. Npn ogHOCTOPOHHEM Napanuye ye-
FIOBEKY KaXeTCsl, YTO NIML0 NepeKoLLEeHo, Npu ABy-
CTOPOHHEM OHO CTaHOBMUTCS Kak Macka WU HU4Yero
He BblpaxaeT. HekoTopbIM nauneHTam TSXeno
HaMOoPLWKUTb SO0 nnNn MoprHyTb. K3-3a aToro 60sb-
HOW pexe MopraeT, HapyLuaeTcs cre3ooTaeneHue,

4YTO NPUBOAUT K CYXOCTU rnas. 3Byku KaxyTtcs 60-
nee rpoMK1UMK, YeM eCTb Ha caMoM Jene.

B neyeHun HeBponaTuMm NULEBOrO HEpPBa 4oKa-
3aHa 3P PEKTUBHOCTb MHOKOKOPTUKOUOHBIX FOPMO-
HOB (NpPeaHN30noH, AekcameTasoH). B cnyyae He-
06X0QMMOCTM CMMNTOMATUYECKoe NledeHne Ha-
npaBneHo Ha yBraxHeHwe rmas (Mcnonb3oBaHue
YBNAXHALWMX rMasHbIX Kanenb). Takke MOXeT
NPUMEHATBCA MUMUYEecKast rMMHacTuka. B cnox-
HbIX Cryyasx OCYLLeCTBNAETCA XMpypruyeckoe
neyeHue.

B nutepatype ectb coobueHus o cuHgpome
Xeepgopata — BanbgeHcTpema, oHaKO OHU
eOUHNYHbIEe, COAepKaT, Ha Hall B3rnsag, Mano UH-
dhopmaLmm n He onNUCbIBaOT NOAPOBHbBIX CXEM KOM-
NAEKCHOr0 MeANKaMEeHTO3HOrO feYeHus.

MpuBogmm cobeTBeHHOE HabntogeHue. bonb-
Hon J1., 39 nert, 14.01.2022 nocTtynun B Xupypru-
yeckoe oTaeneHne Y3 «MOKB» ans nposeaeHus
ornepaTUBHOIO BMeLLATENbCTBa NO NOBOAY Maxo-
BOW rpbbku. [1pn peHTreHonornyeckom uccrnenosa-
HWUW BbISIBNEHbl U3MEHEHUS B NErKNUX: BHYTPUrpya-
Has numdageHonaTnst U HEMHOrOYMCIIEHHbIE OYaru
(puc. 1). 18.01.2022 B Y3 «MOKB» nauneHTy npo-
n3BegeHa ornepauus, nocrieonepaLnoHHbIN nepu-
oA npoulen 6e3 OCNoXHEHUN.

15.02.2022 y naumeHTa nosbIcunace temneparty-
pa go 38,5 °C, nosiBUMMUCb HEMPUSATHBIE OLLYLLIEHNS
B 06r1acTu rpyAHON KNETKK, CyXOW Kallerb, cnabocTb.
B3aT HasogapuHrnanbHbli Ma3ok, BbisiBNeHa
nHdekuma COVID-19. Jleunnca ambynatopHo. Yepes
HEeCKONbKO AHEeW nosiBUNUCb O0NEe3HEHHOCTb

Puc. 1. PentreHorpamma naumenta J1. ot 14.04.2022
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N NPUNYXIIOCTb B 0BNAacTy OKOMOYLLUHbLIX Xernes, nawuu-
€HT OTMETUIT HEBO3MOXHOCTb CraTb Ha 6oKy, npuco-
eOMHUNCA Napanuy NpaBon NOMOBMHbI NMua (puc. 2).
B panbHenwem crana 6ecnokonTb CyxOoCTb BO PTY,
YTO CO34aBaro 3HaunTenbHble HeyaobCTBa Npu Npu-
emMe nuy, 310 NPUBESO K NoTepe Beca — NauneHT
noxyaen Ha 15 kr. [Npun o6paLLieHnm K cTomaTonory, Jiop-
BpaYy No MECTY XWUTENbCTBA NATOMNOMI HE BbISIBIIEHO.

18.02.2022 naumeHT KOHCYNbLTUPOBaH B Meau-
LUUHCKOM LeHTpe «JI00O»: xanobbl Ha CyxoCTb BO
pTY, NEPLUEHNE B ropsne, yToOMNsSeMoCTb, YNnoTHe-
HMs1 B 06nacTy OKoNoyLUHbIX »enes. [Npu ocmoTpe:
COCTOSIHNE YOO0BMNETBOPUTENBHOE, KOXHbIE MOKPO-
Bbl OObIYHOM OKpacKW, YBENUYEHbl U YNNOTHEHbI
OKOSNOYLLUHbIE Xene3bl ¢ 06enx CTOPoH, BonesHeH-
Hble NpY Nanbnauyuun, runocanueauusl. B nerkmx
BE3UKYNAPHOE AblXaHue, NEPKYTOPHbIA NErovHbIn
3ByK, SpO, 98 %, YCC 90 ya/muH. PeHTreHoBckas
KOMIbOTepHas ToMorpadmsi OpraHoB rpyaHON KneT-
KW: MeguacTMHanbHasi niuMmdageHonaTus, yTosile-
HVe 1 gedopMaumsi BHyTPUAONBKOBOIO 1 MEXA0Sb-
KOBOIO MHTEPCTULMNSA, Y3roBble ynnoTHeHus. O6-
LWUA N DMOXMMUYECKUIA aHamnM3 KpoBu, Mouun 6e3
ocobeHHocTen. PYHKUMS BHELUHEro AblXaHus He
HapyleHa. C npegBapuTenbHbIM UarHo3oM «cap-
KOWMA03 BHYTPUIPYAHbLIX NUMGATUYECKUX Yy3NOB»
HanpaeneH B MuUHCKuMA obnacTtHoM NpoTUBOTYOep-
KynesHbln gucnaHcep (MOMNA), rae 6bino HasHave-
HO neyeHue: keHanor-40 1 Mn BHYTPUMbILLEYHO
2 pasa B Mmec, TpeHTan 400 mr 3 pasa B CyT, aHTu-

Puc. 2. MaumneHT J1. Yepes 2 mec nocrne Havana rnevyeHns

OKCMAAHTHbIA KoMmMnekec ¢ Zn n Se, ButamuH E
200 mr 2 pasa B CyT, OMenpasor, 3CCeHLmKaric.

Uepes 2 mec B pesynbTaTe NpoBeAeHHON Tepa-
NN YMEHbLUWUINCL OKOMOYLUHbIE Xenesbl, ncyes-
nn sBNEHNsa napanuya nuueBoro Hepsa crpasa,
OLHaKo NOSABMMANCH MPU3HAKU napanuya nuueBo-
ro Hepsa cnesa. MNaumeHT 18.04.2022 6611 rocnu-
TanunsupoBaH B MOT[ (knuHnyeckasn 6asa kaden-
pbl NyfIbMOHOMOMMK U PTU3MATPUN C KypCcoM ar-
nepronorum, UMMyHOMOrMm 1 npodnaTonorum).

OO6LUMI aHanM3 KpoBu: nenkoumTsel — 6,3x10%/n,
apuTpoumnTbl — 4,9x10'?/n, reMornoGuH — 146 r/n,
remaTokput — 40,6 %, TpoMBoLmnTbl — 258x10%/1,
HenTpodunbl — 62 %, numdountel — 16,5 %,
MOHOUUTLI — 19 %, 303uHOGUNbl — 2 %, 6aso-
punbl — 0,5 %. OBLWKMN aHanM3 Moum: yaernbHbIn
Bec — 1010 r/n, ©enka, rnoKo3bl HET, NIOCKUN
anuTenun — 3—4 B none 3peHns, NenkounTbl —
3—6 B none 3peHus.

MokpoTa Ha Hanuyme KUCNOTOYCTONUYNBBLIX Bak-
Tepuin oT 13.04.2022: He oBHapyXeHbl.

Gene Xpert o1 13.04.2022: AHK mukobakTtepui
Ty6epkynesa He 0BHapyXeHbl.

Broxumnyecknin aHanms kposu ot 13.04.2022:
ANT — 27,8 EO/n; ACT — 21,1 E[l/n; wenoyHas
docdatasa — 184 EL/n; kanbumii — 2,61 MMonb/1;
CPB — 14 wmr/n; KpeaTUHUH — 66,4 MKMOIb/I;
MoyeBuHa — 4 mmons/n; NAr — 430 EQ/n;
obwmn 6enok — 74,3 r/n; anbbymuH — 41,2 r/m;
xonectepuH — 4,48 mmone/n; rnwkosa —
4,75 mmonb/n; GunmpybuH ooLwmin — 11,9 MkMonb/n;
OnnnpybuH cessaHHbIn — 3,05 MKMOnb/.

D-gumepsbl ot 13.04.2022 — 120 mkr/n.

AHanu3 Ha BWY, renatutbl oT 15.04.2022 —
oTpuuaTenbHbIN.

PeHTreHorpadus opraHoB rpyaHON KNeTku OT
11.04.2022: B nerkmx He HabnoaaTCca BUAMMbIE OYa-
roBble Y UHAUNBTPATUBHBIE TEHW, NETOYHBIN PUCYHOK
B NPUVKOPHEBLIX OTAENaX HE3HAYMTENBHO OboraLLleH;
KOPHM pacLUMpeHbI, MONMUMKITNYHEI, 6orbLue cnpasa;
CUHyCbl cBOBOoaHEI, cepaue 6e3 ocobeHHOCTEN.

KomnbtoTepHas Tomorpadusa (KT) ronoBHoro
Mo3ra o1 22.04.2022: npu HaTusHon KT ronoBHoOro
MO3ra o4aru naTonorm4eckon ninoTHOCTU B Belle-
CTBE rOfIOBHOIMO Mo3ra, o6bemMHble 00pa3oBaHns
B MOMIOCTM Yepena He onpegeneHbl. CpeanHHble
CTPYKTYPbl MO3ra He cMeLlleHbl. XKenyooukm He
aedopMnpoBaHbl, He paclIMpEHbl, NPaKTUYECKN
CUMMETPUYHBI. Bopo3abl MO3Xeuka U KopTuKarib-
Hble 60pO3abl FOMOBHOMO MO3ra He yrnybneHbl.
OTtmevaeTcs umsmonormyeckoe obbI3BECTBEHNE
LUMLLIKOBUAHOW Xenesbl U COCYAUCTbIX CnieTeHni
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3agHux poros 60KOBbIX Xenyao4kos. [Mapacennsp-
Hble obnactn 6e3 ocobeHHocTen. [JononHuTenb-
HbIX 0Bpa3oBaHuii B 06r1acT MOCTOMO3XEYKOBbIX
YrroB He BbisiBNeHO. PeTpobynbbapHoe npocTpax-
cTBO 6e3 gonorHuTenbHbIX o6pas3oBaHui, 3pu-
TenbHble HePBbI He yTonweHbl. [npamuakm BUCOY-
HbIX KOCTEN NpaBubHON hopMbl. Bo3ayXoHOCHbIE
AYENKM COCLEBUAHbBIX OTPOCTKOB M NMUPaMUOoK
pa3BuTbI, MHEBMATM3aLMSA UX HEe CHxeHa. CTpyk-
Typa KocTen 6e3 Npu3HakoB NaTonornyeckon ne-
PeCcTpoViKN U OeCTpyKunn. HapyxHble 1 BHyTpeH-
HMe CNyXoBble NPOXoAbl CUMMETPUYHbI, He Aedop-
MUPOBaHbI, B UX NpOCcBETax AONOMHUTENBbHbIX 06-
pa3oBaHU, NaToNoOrMYecknx BKIOYEHUN He
BblSiBrIeHO. OKONOHOCOBbIE Na3yxun B 30HE CKaHW-
pPOBaHUS He U3MeHeHbl. KOCTHO-AEeCTPYKTUBHbIX
N TpaBMaTUYECKNX U3MEHEHWNA CO CTOPOHbI KOC-
Ten Yyepena He BbISiBeHO. [I0CTOBEPHO UCKIIOUYNTL
HerpoaereHepaTUBHbIE U3MEHEHUS He NpeacTaB-
nseTca BO3MOXHbIM — npegen meTtoaa.
3akntoyeHve: PKT-nprsHakoB 06beMHbIX 06pa3oBa-
HWUI M NATONOMYECKUX UBMEHEHIIA MO3Ta HE BbISIBMEHO.
KoHcynbraumnsa Hesponora ot 20.04.2022: pemu-
enuHuanpyowlee 3abonesarne LHC? ¢ aBycTopoH-
HUM Mpo30onape3oMm: Nerkum cnpasa, yMepeHHbIM
creBa, NerkumM CTBONOBO-MO3XKEYKOBLIM CUHAPOMOM.
B Hawem knuHuke 6bin BbICTABMNEH ANArHos: re-
Hepanu3oBaHHbIA CapkoMao3 C NopaXxeHneMm ner-
KMX, NMM@OY3N0OB CPEeAOCTEHUSA, OKOMOYLLUHbIX,
CIMIOHHBIX Xeres, NUuUeBoro Hepaa (cuHApom Xeep-
dopata — BanbgeHcTpema). MaumeHT HaxoanTcs
Ha cTaumoHapHom nevennn B MOIMMM, npogomkaeT
HasHayeHHylo Tepanuto: keHanor-40 1 mn BHyTpu-
MbiLLeYyHO 2 pasa B Mec, TpeHTan 300 mr 3 pasa
B CYT, aHTMOKcukanc ¢ ceneHom 200 mr 2 pasa
B CyT. B HacTosiLee BpeMa oTMe4aeTcsi Nonoxu-
TenbHast AMHaMUKa: 3HaYUTENbHOE YyryJdlleHue ca-
MOYYBCTBMS, CyXOCTb BO PTy COXpaHseTcs.
Takum obpasom, npuBedeHHasa uctopus 6ones-
HW — MposBNeHne ogHoOn 13 opM 3arago4vHOMn
naTonorun YyeroBeka Mo Ha3BaHMEM «CapKou-
003», CBMAETENbCTBO pasHoobpasnsa ee KINUHM-
4YecKMX N naTtomMopdonormyecknx MaHndgecTaunn,
4YTO B KOHEYHOM MTOre obycroBnMBaeT Heobxoaun-
MOCTb 6bICTPON M TOYHOM ANArHOCTUKK, CBOEBpe-
MEHHOro 1 apdeKTMBHOro rieyeHmns. CuHgpom Xe-
epdopata — BanbaeHcTpema cuyntaeTca gocra-
TOYHO peaKkuM MposiBrieHnem capkougosa. Ouar-
HO3 CTaBWUTCH Ha OCHOBAHWW COBOKYMHOCTU
CMMNTOMOB HapsiAly C NOBbILWEHHbLIM ypoBHEM Al
B CbIBOPOTKE KPOBM U Guoncuen numdaTtnyeckmx
y3M0B C onpegeneHveM Hekaseo3HbIX rpaHyem.

Kak 1 B cnyyae ¢ gpyrumuv nposiBneHusmMu cap-
Kkonao3a, KOpTUKOCTEpPOUabl ABNAKTCS OCHOBOM
neyexus. Ecnu oTkasaTbCcs OT ropMOHanbHOro
neveHnsl HeBpUTa NULIEBOTO HepBa, BEPOSITHOCTb
CTOWKOro napanuya yBenmynBaeTcs.
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. A. KOLUMAH

YCTANOCTHbIA NEPENOM KNOYALbI

POAHEHCKNIA rocyaapCTBEHHbIN MeANUUHCKUIA YHUBepCUTeT, pogHo, benapyck

YecmanocmHbie nepenombl Yauwje npoucxo0sam 8 HUXHUX KOHeyHocmsx. [MpuyuHol OaHHOU namosoauu s8nsemcs
cybmakcumarbHas Hagpyska Ha Kocmb [Ub0 CHUXEeHUE MIOMHOCMU KOCMHOU mkaHu. Cmpecc-nepenomsl Kmoquuybl —
pedkasi mamorioeusi, ornucaHHasi rpu pPasHoOoObpPasHbIX KMUHUYECKUX cumyauyusix, maKkux Kak rnepesioMm rocre pesepcusHo-
20 9HOOMpPOMe3UpPOB8aHUs Nae4eso020 cycmasa, padukarbHass OUCCEeKUUsT Weu, y CropmCcMeHo8, 3aHUMarWUXcsl epeb-
net, dalsuHzom, eumHacmukol u belicbonom. lNpusodumcsi KnuHuYeckul crydall ycmasiocmHo20 rnepesoma nesou
Kmoyuybl y 34-nemHez2o nayueHma, 3aHumMarouje20cs nayapaugmuHzOom.

Knrodeeblie cnoea: ycmanocmHblili nepenom, Krrduya, criopmusHas mpasma, 60sb r11e4ego20 cycmasa.

Stress fractures are more common in the lower extremities. The cause of this pathology is a submaximal exercise on
the bone or a decrease bone density. Stress fractures of the clavicle are a very rare pathology, described in a variety of
clinical situations, such as fracture after reverse shoulder replacement, radical neck dissection, rowing, diving, gymnastics
and baseball athletes. This article describes a clinical case of a stress-fracture of the left clavicle in a 34-year-old powerlifting

patient.

Key words: stress fracture, clavicle, sports injury, shoulder joint pain.

HEALTHCARE. 2022; 12: 56—58.
STRESS FRACTURE OF THE CLAVICLE
G. A. Koshman

Mepenombl Kno4vnLbl ABAAKTCA OOQHUMWU N3
YyacTbIX NOBPEXOEHNI ONOPHO-ABUraTeNbHON CU-
CTeMbl YyerioBeka, cocTaBnsas B cpegHem 1 Ha
1000 HaceneHus, unu 2,6—4 % nepenomMoB Ko-
CTeln ckeneta. YCTanoCTHble Nepernombl Kno4vu-
Lbl BCTpeYalTCHa pefKo, COCTaBnsaoT 0Kono 2 %
NnoBpeXaeHNn ckeneTta y cnopTcMeHoB. B nute-
paType onucaHbl YCTanocTHble nepenombl Krto-
YuLbl, BCTpeYvarLmecs npu 3aHATUAX CrnopTomM
Tuna rpebnu, rMMHacTuKK, ganeuHra, 6encbona,
BbINOSTHEHUM onpefeneHHblX npodeccuin (npo-
N3BOACTBO kaHaToB, Gapucrta) u HeBponorunye-
ckux 3aboneBaHusx [1—7]. CTpeccoBbii nepe-
FIOM KINOYULbI BCTpeYarcs nocne Xmpypruyeckmx
onepaunin: peBepCUBHOrO 3HOONPOTE3NPOBAHNS
nyeyYeBOro CycraBa, PEKOHCTPYKLMU KITHOBOBUA-
HO-KMHOYMYHOWN CBSA3KM U paguKkanbHOW LLUENHOWN
auccekunn [8—10]. B gocTtynHom nutepartype
onucaHo nuub 8 cnyyaes y NauneHToB, 3aHMMa-
towmxca cnoptom [11]. B gaHHOM cTaTbe onucaH
cnyyarn yCTanoCTHOro nepenoma Kroyuubl y na-
LUMEeHTa, 3aHMMatoLerocsa nayapnndTmHrom.

Matepuan m metToahbl

MauuneHT M., myxxunHa, 34 roga, npaswa, 6e3
XPOHMYECKOM COMyTCTBYOLWEN naTonoruu, obpa-
Tuncsa ¢ xanobamu Ha 6onu B NIeBOW Knto4vuule
U NeBOM Mfie4eBOM cycTaBe, Habnwogatowmecs
B TeYeHVe nocrneaHux 2 Hef, ycunuearomecs noc-
ne uU3NYecKnxX Harpy3ok v 3aHaTUA PUTHECOM.

B aHamHe3e nauuveHT oTpuuan Hanuyne TpasBMbl
nesoro Hagnneues. MNMpu ocMoTpe U Nanbnauun
Habntoganocb HanMyne 60nesHeHHOro TBepAoro
onyxoneBuMaHoOro obpasoBaHus cpeaHen TpeTu
nesown kno4vnubl pasmepom 3,0x1,5 cMm, He cnasH-
HOTO C KOXEWN U OKpYXatoLLmMn TkaHsamu. Koxa Hag,
obpasoBaHnem Gbina MobunbHa, 6€3 NpM3HaKkoB
BocnarneHusi. HeBponornyecknx paccTtpomncTB co
CTOPOHbI NEBOM BEPXHEN KOHEYHOCTU HEe BbINo.
O6bemM ABMXEHWI B NEBOM MNeYeBOM CyCTaBe
ObIn orpaHnYeH ns-3a nogsreHms 6onesoro cUHA-
poma npu oTBegeHun donee Yyem Ha 120°, pasru-
GaHun bonee yem Ha 40° 1 Hapy>XHOW poTauun
bonee 80°. Takke ycuneHue 6onen Habnoganocb
npw BbinorHeHUn Tecta Jobe.

Mocne BbINOMHEHMA peHTreHorpadgumn obenx
KNIOYUL, Ha peHTreHorpaMme MMernucb NpUsHaku
HanMung yTorLeHns KopTUKansHOro cnos B cpe-
Hel TPeTn NeBON KNtounLbl 1 Obln NOCTaBnNeH npea-
BapuTenbHbIN anarHos: «Octeoma NeBow KIoun-
ubl(?) ¢ pekomeHOaUnen peHTreHOBCKOW KOMIMb-
toTepHon Tomorpaduu (PKT) nesoro Hagnneybs».
Ha PKT oBHapyxunocb Hanudve rvHun nepeno-
Ma 1 MPU3HaKM KOCTHOM MO30MNKN B CpeaHEN TPeTH
nesow Kno4mnupl (puc. 1).

JlabopaTtopHble uccnegoBaHnsi B Buae obLLEro
1 BMOXMMMYECKOrO aHanm3a KpoBu, obLlero aHanu-
3a Moy 6bInu B Npefenax pedyepeHCHbIX 3HaYEHUIA.

MaumneHTy HasHa4YeHOo KOHCepPBaTUBHOE NeyeHne
B BMAE uMMOOMNM3aLmmn, npuema aHanbreTMkos
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Puc. 1. PKT-akcuanbHble ckaHbl U 3D-pEKOHCTPYKUMS NEBOW KIHOYULILI MPU NEpPBUYHOM 06palleHnn

N orpaHn4eHnst U3NYECKNX Harpy3ok B Te4eHune 1
Mec. [laHHbIV BUL NTeYEHNS 3HAUUTENBHO YMEHbLUNI
GoneBow cMHAPOM, OHAKO B TeyeHue 4 Hea naum-
eHTa cTano 6ecnokonTb Hanuume yBenuymsaoLle-
rocs onyxoneBnaHoro obpasoBaHns B CpeHen Tpe-
TW NEBOW KIHOYMLbI, B CBA3M C YeM Obina HasHaye-
Ha nosTopHas PKT (puc. 2).

BnocneacTteum 60neBon CMHOPOM McYes, ony-
XonesnaHoe o6paszoBaHMe YMEHbLUNIOCH U UCYE3-
no B TedeHne 3 Mec. [lanee BbINOSHANN KOHT-
POSbHYIO peHTreHorpaduio, Ha KOTOpon oTMmeYe-
HO OTCYTCTBME NUHWUW NEepenomMa u Hanuuve npu-
3HAKOB PEMOAENMPOBaHUA KOCTHOM MO3OSN.

Uepes 3 roga nocne nepBuyHOro obcnenosa-
HWUSI NAUMeHT YyBcTBOBan cebs XxopoLuo, xanob He

npeabsaBnan. O6beM ABMXKEHUA B NEBOM Nneve-
BOM cycTaBe Obin nonHbiv, 6e360ne3HeHHbIn. Ha
KOHTPOJSIbHOW peHTreHorpadumn fNeBom KitovnLbl —
NMpU3HaKN NOSIHON KOHCONMAauun neperoma, 6e3
CMMNTOMOB OMNyXONEBUAHOrO NpoLiecca, oOcTeoMue-
nnta unu metabonuyeckon NaTtofornmm KOCTHOM
TKaHu (puc. 3).

JlTaGopaTtopHble nokasatenu 6bINn B Npeaenax
HOPMbl.

O6cyxpaeHue

Kntounua sBnsieTca €auHCTBEHHOW KOCTbH, CO-
€OVHSAOLWEN BEPXHIOK KOHEYHOCTb C TYNOBULLIEM.
Bonbluas rpyaHast u genstoByaHasi MbllLbl co3na-
0T TSHyLLEe YCUIME KHU3Y, a rpyanHO-KIHOUYNYHO-

Puc. 2. KontponbHas PKT yepes 1 mec nocne nepBuM4HOro obpatleHus.
HabniogaloTcs BblpakeHHas NHUS nepernioMa u KOCTHasi MO30rMb CpedHen TPeTu NeBON KMo4unubl
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Puc. 3. KoHTponbHasa peHTreHorpaMmma fieBon KniouunLbl
Yepes 3 roga nocrne nepBMYHOro obparleHus.
HabntopatoTcst npusHaky MOSIHOM KoHconuaaumm
yCTarnocTHOro neperoma v peMogenvMpoBaHns KOCTHON
MO30/11

cocueBuaHas u TpaneuneBmaHas MbllLbl — KBEp-
Xy, N0 BO3OENCTBUIO ABMNSACh aHTArOHNCTaMU Ha KIto-
ymuy. N30bITOYHbIE HAarpy3Kkn Ha AaHHYHO rpynny MbILLIL,
NpPUBOAAT K CybMakcumMarbHbIM Harpy3kam Ha KOCT-
HYIO TKaHb KIoYMLbl, MPMBOOALLMM K PasBUTUIO YC-
TanoctHoro nepernoma [1]. OgHako ToYHble Buome-
XaHU4ecKkne MexaHusMbl, NPUBOASLLME K Pa3BUTUIO
YCTanoCTHOro neperioMa Kro4ulbl 40 HACTOSLLEro
BpeMeHN HensBecTHbI [11].

OnddepeHumnanbHasa gnarHoCTMKa JOSKHA UC-
KniovaTb TpaBMaTUY4eCKUn U NaTonornyecknin ne-
penoMbl, BO3HWKatoLLMe Ha (PoHe MeTabonmnyeckmx
n gucnnacTtnyecknx sabonesaHui ckeneTa, apTte-
PUOBEHO3HLIX MasnbdopMaunin, ocTeoMnenmnTa,
Heonnasuu, a Takke Npu HeBponorm4yecknx 3abo-
nesaHuax [12—14].

YCTanocCTHbIN NepesioM KIouunLbl XapakTtepu-
3yeTcs, Kak npaBuo, OTCYTCTBUEM HeCTaburbHO-
CTU nepenoma n Hanuymem KOCTHOW MO30IMu,
OJHaKO onucaH crny4am Hann4ms CTpeccoBoro ne-
penoma akpomMuanbHOro KoHua Krouduubl ¢ pas-
BMTMEM HecpalleHus 1 HeobXxogMMOCTN XUpYpru-
YyecKkoro neyenus [15].

Takum o6pas3om, onMcaH pegkun criydyanm ycra-
NOCTHOTO nepenomMa Krno4mubl, HabnogaeMblin npu
3aHATUAX nayapnmMpTuHrom. MNaumeHT ycnewHo
neyunnca KoHcepBaTUBHO, OTAANEHHbIX nocnea-
CTBMIA B BUOE HapyLleHns (OyHKUUK eBoro nre-
YeBOro CyctaBa He OTMEYEHO.

YuunTbiBas BbllLEN3NOXeHHoe HabnwogeHue,
KMUHULMUCTBI OOSMKHBI UMETb B BUAY AaHHYK0 pea-
Kyt0 NaTonoruio npu npoesegeHnn anddepeHumnans-

HOW AMarHOCTMKKM y naumeHToB ¢ 6onsamu B obna-
CTM NNEeYeBOro CycraBa, 3aHUMaloLLMXCa nayap-
NUAUTUHIOM.
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W. B. BACUNEBCKUM

5 CEPAEYHO-COCYAUCTBLIE HAPYLLEHUA
Y AETEWN C MYNIBTUCUCTEMHBIM BOCMANUTENIbHBIM CUHAPOMOM,
ACCOLUMNPOBAHHbLIM C NUHO®EKLUMEWU SARS-COV-2

Benopycckuin rocyfgapCTBEHHbIN MeAULUHCKMIA yHUBepcuTeT, MuHck, benapych

Ha ocHosaHuu cospemeHHbIX OaHHbIX Tumepamypbl nPUEoOUMCsT KOMIIEKCHbIU aHanu3 cepO0eyHo-cocyoucmbiX Ha-
pyweHuli y demel, NepeHOCAUUX HOBYH KOPOHO8UPYCHY uHekyuro SARS-CoV-2 (COVID-19) ¢ Hanu4uem Myrnbmucu-
cmeMHoe20 eocrnanumenbHo20 cuHOpoma. Ha daHHbIl MOMeHmM 8 Mupog8ol slumepamype HakormnieHo 0ocmamoYyHoe
Konuyecmeo nybnukayull no KMUHUKO-OuaeHOCMUYecKol Xxapakmepucmuke MyfbmucucmeMHO20 80CranumesibHO20
cuHOpoma y Oemell, accoyuuposaHHozo ¢ uHpekyuel SARS-CoV-2. Obpawaem Ha cebss sHuMmaHue mom ¢hakm, 4mo
cpedu pasnuyHbIX KIUHUYECKUX rpusHakos y 67—380 % demell ¢ MynibmucucmeMHbIM 80cnanumeribHbIM CUHOPOMOM
umeem Mecmo ropaxeHue cepdua, rnpuyeM namosoeudyeckue cepOeyHble MpPossIeHUs Yawe ecmpedyaromcest UMEeHHO
npu GaHHOU namornoeuu, Yem npu b6onesHu Kasacaku, ¢ Komopol MynbmucucmeMHbll eocnanumersibHbll CUHOPOM
umeem cxodcmeo. @akmopbl pucka, Komopbie npedpacriofiazarom K pasgumuro MyrbmucucmemMHO20 80CnanumerbHo-
20 cuHOpoma y Oemedl, U nexawjasi 8 UX OCHO8e UMMYyHoramosioausi 00 CuUx fop MOSIHOCMbIO He U3y4YeHbl. [lodyepkusa-
emcsi gaxHasi posib demckoeo kapouosioza 8 OucrnaHCepHoOM HabnwdeHuUu 3a 0embMu, NepeHecwuMu UHPEKUUI
SARS-CoV-2, ocobeHHO 8 8ude MynbmucucmeMHO20 80CrnanumesibHo2o CUHOpoMa C HanuqueM rpu3Hakos rnopaxeHusi
cepdeyHo-cocyducmol cucmembl. [TpedcmasneHHass uHghopmayusi umeem 607bwoe 3HaqYeHue Orsi MpaKmMuKyrwux epadyed.

Knroueenie cnosa: uHpekyus SARS-CoV-2 (COVID-19), demu, mynbmucucmeMHbil 8ocrnanumerbHbIl CUHOPOM,
cepdeyHo-cocyoucmble HapyweHusi, Mpakmukywue epadu.

Based on current literature data the article provides a comprehensive analysis of cardiovascular disorders in children
with a new coronovirus infection SARS-CoV-2 (COVID-19) with multisystem inflammatory syndrome. At the moment the
world literature has accumulated a sufficient number of publications on the clinical and diagnostic characteristics of the
multisystem inflammatory syndrome in children associated with SARS-Cov-2 infection. It is noteworthy that among the
various clinical signs, 67-80 % of children with multisystem inflammatory syndrome have heart damage, and pathological
cardiac manifestations are more common in this particular pathology than in Kawasaki disease, with which multisystem
inflammatory syndrome has similarities. The risk factors that predispose to the development of multisystem inflammatory
syndrome in children and the underlying immunopathology are still not fully understood. The important role of a pediatric
cardiologist in the follow-up of children who have had SARS-CoV-2 infection, especially in the form of a multisystem
inflammatory syndrome with signs of damage to the cardiovascular system, is emphasized. The presented information is
of great importance for medical practitioners.

Key words: SARS-CoV-2 (COVID-19) infection, children, multisystem inflammatory syndrome, cardiovascular disorders,
medical practitioners.

HEALTHCARE. 2022; 12: 59—67.

CARDIOVASCULAR DISORDERS IN CHILDREN WITH MULTISYSTEM INFLAMMATORY SYNDROME ASSOCIATED WITH
SARS-CoV-2 INFECTION

I. V. Vasilevski

B nepBoHavanbHbix oT4yeTax 06 uHbekynmn
SARS-CoV-2 (COVID-19) onncbiBanock, YTo Aetu
B 3HAYUTENbHOW CTENEHM N3baBreHbl OT TXKENbIX
NPOSIBMEHUI N TONbKo 2—6 % OeTen HyxgarTcs
B MHTEHCUBHON Tepanuu. OgHako ¢ cepeauHbl
anpens 2020 r. GbIIK 3aperncTprMpoBaHbl KnacTe-
pbl NeavaTpuyecknx cryvyaeB TSXKENoro cuctem-
HOro runepsocnaneHns 1 LWoka, anMaeMmonoru-
yeckn cBsizaHHbix ¢ COVID-19. 310 cocTosHue
ObINo Ha3BaHO MYNLTUCUCTEMHBIM BOCNANUTENBHBLIM
cungpomom (MBC), cBsaidaHHbIM ¢ SARS-CoV-2

y AeTen, 1 nokasano CXOACTBO ¢ bonesHbto Kaea-
cakn [1—3]. Heobxoanmo oTMETUTHL TOT TPEBOX-
HbI doakT, yTo MBC MoXxeT passmBaTtbcs U npu 6ec-
CYMMNTOMHOM TeyeHumn uHdekunmn SARS-CoV-2 [4].

Ha pgaHHbIn MOMEHT B MUPOBOW nuTepaTtype
HaKOMNMEeHO JOCTaTOYHOE KONMMYEeCTBO Nnybnukauni
No KMUHUKO-OUArHOCTUYECKON XapaKTepucTuke
MBC y geten, accouMmMpoBaHHOIO ¢ MHMeKumen
SARS-CoV-2 (COVID-19) [5—7]. ObpaLwaeT Ha
cebsa BHUMaHWe TOT oaKT, YTO cpeam pasfnuUyHbIX
KnuHn4eckmx npusHakoB 'y 67—380 % feten c MBC
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MMEET MEeCTO MnopaxeHue cepgua, npuyem naTo-
rfiornyeckme cepaevHble NposiBreHns Yyalle BcTpe-
yatotca nmeHHo npu MBC, yem npu 6onesHn Ka-
Bacaku [8—10]. MNMopaxeHuna cepgua BKOYaOT
HapyLLeHMS TPOBOAUMOCTU U apUTMUK, AUCEYHKLIO
XernyaoukoB, aHEBPU3Mbl KOPOHAPHLIX apTepun.
E. Y. Wu n coaBT. obHapyxunu cepaeyHo-
cocyaucTtble ocrnoxHeHunsa y 79,3 % nauneHToB
¢ MBC. B cTpykType AaHHas natosiorus obina npea-
CTaBfeHa criegyowmm obpasom: Taxukapans —
y 76,7 % naumeHToB, reMOAMHAMUYECKUI LLIOK U
rmnoTteHans — y 59,9 %, muokapant — y 41,4 %,
Nerkoe Unm yMepeHHoe CHKeHue dpakuum BbIGpo-
ca nesoro xenygoyka (PBIMK) — y 40,4 % obcerne-
O0BaHHbIX NnaumeHToB ¢ MBC [11]. BonbLumnHcTBO Na-
LMEHTOB C nopaxkeHuem cepdua (Bkntoyasi yrHeTe-
HWe (PyHKUMM XKeNyaouKoB Unn aputMmm) obbl4HO
BbI3gopasnueatoT [12]. OgHako He MeHee YeM
y 20—45 % nauneHTOB Ha MOMEHT BbIMUCKMN U3 CTa-
UMoHapa BCe ellle MOXeT Habnoaatbcs yMepeHHO
CHWKeHHas dopakumst Boldpoca [13, 14].

dakTopbl pucKka, KOTOpble npeapacnonaratT
K passutnio MBC y HEKOTOPLIX AeTen, 1 nexallas
B X OCHOBE MMMYHOMATOMOrMs 40 CUX Nop Mos-
HOCTbl He n3ydeHbl. MBC BO3HUKaeT yepes
2—4 Hep nocne 3apaxeHna SARS-CoV-2, y 6onb-
LWMHCTBA NauUMEHTOB HabnogaeTcs NOnoOXUTENb-
Hbll oTBeT aHTUTen IgG, YTo cBMAeTenbCTBYET
0 NOCTBMPYCHOM BOCNanNuTENbHOM peakuun. Y ge-
Ten ¢ octpbim MBC, paHee He nony4yaBLUMX feye-
HUS, rMnepBocnanuTenbHasa peakums xapakrepu-
3yeTCH NOBbILIEHHBIM YPOBHEM LIMTOKMHOB, BKIHO-
yas uHTepnenkunsol (IL) IL-1pB, IL-6, IL-8, IL-10,
IL-17, a-dakTop Hekposa onyxonu (TNF-a), y-uH-
TepdepoH (IFN-y) n aHTaroHucT peuentopa IL-2[15,
16]. MN'nepBocnanuTenbHas peakunsa Takke CBs-
3aHa C aHJoTenuarnbHOW AUCAYHKLMEN U MUKPO-
aHrnonatuen. Y naumeHtoB ¢ MBC noBbllIEHBI
Oromapkepsbl, CBsi3aHHble C BOCMNaneHMeM U1 no-
BpexaeHuem cocynos [17]. Kak gokasatenbcTso
HanNUuns MMKPOAHrMoNaTumM y AaHHbIX NaLUEHTOB
4yacTo B Ma3skax nepudepunyeckorn Kposu obHapy-
XUBAKT LUMCTOLUUTDLI, YTO SABMASIETCA TPEBOXHbLIM
CUrHanom passuTUs MUKPOAHIMONaTUYECKON remo-
nuTnyeckon aHemum Ha ¢oHe OBC-cuHgpoma.
MauuneHTbl ¢ MBC Takxe MMEeIOT BbICOKME YPOBHU
pactBopumoro C5b-9 (sC5b-9) — npopykra aktu-
BaLMW TEPMUHANbHOIO Kackaga KOMMIeMeHTa,
KOTOpbI CBA3aH C pasBUTUEM MUKpOaHruonaTum
npv OpYrmx TOKCUYECKUX COCTOAHUSX [18].

M3BeCTHO, YTO HapyLlEeHUSA 3MEKTPOSITHOIO
GanaHca B coyeTaHuu ¢ okucreHvem Ca?/kanb-

MOLYMUH3aBUCMMOWN NpOTenUHKUHasbl Il oTBeT-
CTBEHHbI 3a apuTMuUK, Habrngaemble Ha oHe
nHpekumm SARS-CoV-2. ToUHO Tak Xe ype3mep-
Hoe yBenu4yeHue npogykumm IL-6 akTmBmpyeT aKc-
Npeccuto CoCyaANCTOro aHAO0TENManbLHOro gakto-
pa pocta (VEGF), 4To NnpuBOAUT K yBENUYEHUIO
NPOHNLIAEMOCTM COCYA0B M BbIMOTY, KOTOPbLIA MO-
XeT nporpeccupoBaTb 4o TaMnoHaabl cepaua [19].
Kpome Toro, n3-3a HapyLleHHbIX npodunen koary-
NSUMN U MOBbILLEHHOTO YPOBHS LIMPKYNPYIOLLErO
aHrmoTeHaunHa Il HkecTosALwme NyTun, BKIoYaroLme
3HOOoTENManbHy AUCHYHKLMIO N OKUCAUTENBHbIN
cTpecc, npeABeLLatoT Ha4yano Tpomboambonuyec-
kux cobbitnin [20]. O6a nogpobHO ONMCaHHbIX
BbilLE MYyTW MPUBOAST K YBENTMYEHMIO NPOAYKLUK
MOHOHYKSIeapHbIX MHPUNLTPATOB, KOTOpPblE Ha-
npaefeHbl Ha MUoKapg, YTo NPUBOAUT K MUOKap-
anty [21].

MoBpexaeHne Muokapga MoXeT bbITb cBA3a-
HO C CMCTEMHbIM BOCNareHnemM, BUPYCHbIM MWO-
KapgauMToM, KapanomuonaTtuen, runokenen n/mnu
nopakeHnem KOPOHapHbIX COCYA0B, MPUBOLALLNM
K uwemun [1, 22]. Pesynbratbl BCKpbITUA nNpoge-
MOHCTPMpPOBanu NpusHaku Nnepukapata, Mmokap-
auTa n sHAoKapauTa ¢ UHUNbTpaumen Bocnanu-
TenbHbIMU KrNeTkamu, a Takke Hanuyue Bupyca
SARS-CoV-2 B cepaeyHoun TkaHu [23].

Hanbonee pacnpocTtpaHeHHbIMW NaTofiornyec-
Knmun nameHeHunammn Ha KT aBnaoTca HapyLeHus
penonspusaumm, uwemMmmyeckne N3MeHeHus n at-
pUOBEHTPUKYNApHasa 6nokaga nepBon CTEMNEHM
[24]. Opyrvne gaHHble BkNtoYaoT Gnokagy HOXeK
nyyka uca, yonuHeHvne mHtepsana QT u aTtpuo-
BEHTPUKYNAPHYI0 6rokaay BbICOKOW cTenexu [25].
Ha peHTreHorpammax rpygHon KNneTkn y naumeH-
ToB ¢ MBC vale BCcTpeyanucbk kapgunomeranus
(63 %), kKapanoreHHbIn oTek nerkux (56 %) n ate-
nektas (56 %) [26]. Oxokapanorpammy obssartenbs-
HO BbINOMHAKT Y NaumeHtoB ¢ MBC kak gns uc-
KINIOYEHUST HANMYnsa aHEBPM3MATUYECKOro pacLln-
pPEeHNs KOPOHAPHbLIX apTepUin, Tak U U3-3a cepaey-
HOM OUCHYHKLMM B CBSA3M C BO3MOXHbIM
passuTuemM Mmnokapaurta [7, 27]. Hanbonee yactbim
npusHakom gensieTca cHukeHne OBIDK, Habnto-
naemoe y 45—60 % nauneHToB [28, 29]. AHoMa-
NN KOPOHAPHbIX apTeEPUIA MOTYyT NPUCYTCTBOBATb
y 8—50 % nauwneHToB [2, 25]. Oxokapguorpamma
MOXeT BbISIBUTb NepukapamvarnbHbIi BeINoT (28 %),
MUTpanbHyto (43 %) unu TpukycnuaansHyto (6 %)
peryprutauuto [30, 31]. KomnnekcHasa axokapau-
orpacdus Takxke MoxeT ObiTb MCNOMb3OBaHa
ANs OUEeHKM AnamMeTpa KOpOHapHbIX apTepun,
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OMMCaHHOrO C NOMOLLILIO Z-noka3aTtens. Z-oueHka
npeacraenaeTt cobon namepeHne amameTpa Kopo-
HapHOWM apTepun No CpaBHEHUIO CO CPEAHUM Ana-
MeTpoM aAns pebeHka C Takom Xe nnoLwaabko no-
BEPXHOCTU Tena. HopmarnbHble 3HaYyeHus Z-noka-
3aTens pasHbl 0, Npu 3ToM 3HaveHus Bbiwe 0 npea-
cTaBnawT cobon pacwmpeHne KOpOHapHOW
aptepuu [31].

M. Ahmed n coaBT. B cuctematmyeckoMm o630-
pe, NOCBSALLIEHHOM aHanu3y KrnuHuko-rnabopartop-
HO-MHCTPYMEHTarnbHbIX Npu3HakoB y aeten ¢ MBC,
YKa3blBalOT Ha TO, YTO U3MEHEHHas 3XoKapamo-
rpamma obHapyxeHa y 54,0 % ob6crnefoBaHHbIX
aetein (o6bem Bbl6opkn — 581 naumeHT) [7]. Yac-
TOW natonorven y Hux 6bina cHmwkeHHaa PBIDK
(n=262, 45,1 %). AHeBpuU3Mbl BO3HUKNN Yy 47
(8,1 %) naumeHTOB.

dakTopbl pucka Tsbkernoro 3abonesaHus y ge-
Ten BKIOYaT Monogdon BospacTt [32—34] un pa-
Hee cyllecTBOBaBlUMe 3aborneBaHus, Takue Kak
OXMpPEHNe, acTMa, caxapHbI AnabeT, pak; ocobbim
dakTopoM pucka ABnseTcs UHEKUns B HeOHa-
TanbHoM nepuoge [35].

MBC y geTtei, accoumMmpoBaHHbIA C MHGEKLN-
en SARS-CoV-2, nmeet obwine yeptbl ¢ 6ones-
Hbto KaBacaku, HO 3TO OTAENbHbLIN CUHOAPOM
C NO3MLUKN 3NMUAEMUONOTUK, NPOSABIIEHNA KINHU-
YeCKMX CMMMTOMOB M NabopaTopHbIX MPU3HAKOB
[3, 27]. YaLLe BCcero oH xapaktepuadyeTcs nmxopaga-
KOW, CbINblO, UHbEKLUMNEN KOHBIOHKTUBBI, Xenyao4-
HO-KMLIEYHbIMU CUMNTOMaMu (0COBeHHO 601bto)
N LWWOKOM M3-3a gucyHKUMM Muokapga. Jlabopa-
TOPHbIE MPU3HAKM BKIHOYAKT NUM@ONEHUIO, Bbl-
paXeHHoe BocnaneHune (HenTpodunes, noBblLLe-
Hue C-peaktuBHoro 6ernka (CPB), npokansuuto-
HUHa 1 beppuUTUHA), KoarynonaTtuio (NoBbILEeHNe
D-anmepa) v AMcdyHKUMIO MMoKapaa (NoBbILLeHe
TponoHuHa n npoMHI) [8, 36]. B 6onee Tspkenbix
crnyyasax axokapauorpagus MoXeT BbIBUTb AUC-
dyHKLMIO MMOKapaa, BeayLLyto K LWOKY, B 4 % cny-
YaeB MoXeT noTpeboBaTbCsa SKCTpPakoprnopansHas
mMembpaHHasi okcureHaumsa [37]. Kak n npn 6ones-
HW KaBacaku, gunataums KOpOHapHbIX apTepui
NN aHeBpu3Mbl BO3HUKaOT B 15—25 % cnydyaes
[22, 31]. Kak HM cTpaHHO, NopaXeHne KOPOHaPHbIX
apTepuin BbIrMAANT MeHee TSXernbIM, YeM npu 6o-
nesHn Kaeacaku, n paspeluaetcs 6oictpee [38].
Bonee nerkue cnyyau Bce 4Yalle BbISIBNAIOTCHA
B YCNoBusiX BblcOkon 3abonesaemoctn COVID-19.
Y 6onbwmHcTBa getent ¢ MBC ¢ TshkenbiMu Kap-
AnanbHbIMU NPOSIBNEHUAMMU KITMHUYECKOE Bbl-
3pgoposrieHne Hactynano B TedeHve 30 cyt [39].

OKI™ 1 axokapguorpamma saBnsatTCs KIoYeBbl-
MW KOMMOHEHTaMM MOMHON AMArHOCTUYECKOMN
OLleHKM. Dxokapguorpamma JOfmKkHa BKOYaTh
KONMUYECTBEHHYIO OLIEHKY pasmepa feBOoro eny-
O04YKa N CUCTONMNYECKON PYHKLUM C UCMNOMb-
30BaHMEM KOHEYHO-AMacToNM4yeckoro obrema
(n Z-nokasatens) u cpakuymm Boibpoca [40]. He-
obxoauma getanbHasi OLeHka BCeX CErMEHTOB KO-
POHApHbIX apTepPUn 1 HOpManusaunsa M3MepeHun
KOPOHapHbIX apTepuin K nnowiagn noBepxXHOCTK
Tena c ucnonb3oBaHeM Z-nokasatenen [41]. Kap-
anonormnyeckne nabopaTtopHble NokasaTenu Ha
MOMEHT MOCTaHOBKN AMarHo3a, 0COOEHHO YPOBHM
TponoHuHa T n HaTpMypeTU4eckoro nentTnaa Tuna
B (BNP)/N-koHuesoro npoMHTIT (NT-proBNP), mo-
ryT NMOMOYb BbIIBUTb NaLMEHTOB C CepOeyHbIMU
nocnegctemamm MBC [42—44]. B yacTHOCTW, 3Ha-
4yuTenbHo nosblweHHble ypoBHU BNP/NT-proBNP
MOryT ObITb NONe3Hbl Ans ouddepeHUnpoBKM Na-
umeHToB ¢ MBC ¢ gucyHKUmern neBoro xenynoy-
kKa n 6e3 Hee; ofgHaKo Nnerkoe v npexogsiee no-
BblLLeHMe 3TUX nabopaTopHbIX NapamMeTpoB, Be-
posATHO, ByaeT Hecneumduyeckum n He oba3a-
TernbHO yKasblBaeT Ha nopaxeHuwe cepgua. BNP,
B YaCTHOCTU, SBIISIETCA peareHToOM OCTpon dhasbl
W, crnefoBaTenbHO, MOXET OblTb MOBbILLEH NPK
BOCMANMTENbHbLIX COCTOAHUAX ©e3 BOBMEYeHUs
cepgua [45].

B MMMyHONaTONMOrMYeCKOM OTHOLUEHUN MPK
bonesHn Kapacakum gokasaHO akTUBHOE y4yactue
B BocnanutenbHom peakuun IL-17A. BT10 npoBoC-
nanuTenbHbIA UUTOKMH, CEKPETUPYEMBIN aKTUBK-
poBaHHbIMK T-nuMmdoumTammn. ABNAETCA CUNBbHbBIM
areHToMm, nHayumpyowmm cospeBanne CD34*-re-
MaToNoO3TUYECKUX MPEeALUEeCTBEHHNKOB B HENTPO-
Gunbl. XapakTepHo, YTO posib YKa3aHHOro LuUTO-
KMHa B LUUTOKMHOBOM LUTOPME U KOSNMYeCTBEHHAs
xapaktepucTtuka IL-17A 6onee BblpaxeHa npu BK
no cpaBHeHuto ¢ MBC [17, 46].

M3BecTHO, 4To MBC y geTtein uMeeT KnuHu4ve-
ckoe cxoacTBoO ¢ 6onesHbto KaBacaku, BUPYCHbIM
MWUOKapOMTOM U CUHOPOMOM TOKCUMYECKOIO LLOKa
(CTW). OnddepeHunauna cdpeHotunos MBC,
accoummpoBaHHoro ¢ uHgekunen SARS-CoV-2,
UMEET peluatoLLiee 3HayYeHne Kak Ha aTane guar-
HOCTUMKW, TaK 1 NPU NIe4YEeHU 1 NpodunakTnke oc-
noxHeHun. S. S. Mohsin n coaBT. npeacTasunm pe-
3ynbTaThl KNMMHUYECKMX U NabopaTopHbIX 0COBEH-
HocTen y geten ¢ guardHo3om MBC ¢ nocnegyto-
UM 2-MeCsYHbIM HabnogeHneM, KoTopble AatoT
npeacTaBneHne o peHoTMNMYEeCcKnX BapuaHTax
TeyeHna MBC [47]. ABTopbl o60CHOBbIBaOT
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Hanuune Tpex deHoTunos MBC, accoummpoBaH-
Horo ¢ uHdekumen SARS-CoV-2 y geten. MNpexae
Bcero, ato Kasacaku-nogo6bHoein BapmaHt (MBC
BK-nogo6HeIn dpeHoTMn 6onesHu). B To Bpems kak
MBC un 6onesHb KaBacaku nmerot psag obuimx
cuMnToMoB, anngemuornorns MBC otnvyaeTtca ot
annaemunonorumn BK. OQuarHo3d MBC ©Obin nocrtas-
neH 60NbLUMHCTBY NaLMEHTOB Ha OCHOBaHMM Mo-
noxwurensHoro pesynestata lNLP nnmn ceponornm Ha
SARS-CoV-2. CpeagHnit Bo3pacT naunmeHToB
C noaTeepxaeHHbiMn cnydaamn MBC cocTtasns-
et 7—11 nerT, Torga kak 80—90 % cnyyaes 6ones-
H1 KaBacaku BO3HUKAKT y geTel B Bo3pacTe [0
5 net [6, 27]. MBC oTtnu4yaeTcs OT Knaccuieckon
oonesHn KaBacaku npeobnagaHMem nauveHToB
MY>CKOro nona, nabopatopHbiMu Mapkepamu (60-
rfiee HU3Koe KONMYecTBO NMMMAOLNTOB TpOMBOL M-
TOB 1 bonee Bbicokoe copgepxaHne CPB), xapak-
TEPOM MOPAKEHNS KOPOHAPHLIX apTepuin N NCxo-
OOM NpKn NOSTHOM paspeLleHnn B TedeHne 1 mec.

CnepyeT BCNOMHUTL, 4YTO 6one3Hb KaBaca-
KM — 3TO BaACKYNMUT, KOTOpPbIN 0ObIMHO MposABns-
€TCS BbICOKOW NMXOpagKom U OCTPbIM KOXXHO-CIn-
31CTbIM BOCMNaneHnem NpenMyLLEeCTBEHHO y AeTen
Mnagwe 5 net. 3aboneBaHne MOXHO pas3genuTb
Ha KIacCuU4ecKyto 1 HENOSHY hOPMbl B 3aBUCK-
MOCTU OT KOSIMYECTBA KITMHUYECKUX MPOSIBIIEHUN,
HabntogaembIX y nauneHToB. Jluxopagka B Teve-
Hue 5 cyT ¢ 4 npusHakamu n Gornee (MHbEKUUS
KOHbIOHKTUBbI, CbiMb, 3pUTEMA, OTEK PYK U HOT,
LWenHasa numMmdageHonaTus, USMeHeHNs Criu3ncTom
pTa) xapakTtepHa gns knaccudeckon bonesHm Ka-
Bacaku. [lnarHo3 HenonHon dopmbl 6onesHu Ka-
Bacaku BKIOMaeT nNuxopagky ¢ 2—3 OCHOBHbIMU
npusHakamu [48]. B KnuHuyeckom pykoBoAcTBe
AmepukaHckoro konneaxa pesmaronoros no MBC
y geten, ceaszaHHbiM ¢ SARS-CoV-2, 1 runepsoc-
nanexuio y aeten ¢ COVID-19 (Bepcus 3) ykasbl-
BaETCH, YTO TONbKO OT YETBEPTM A0 NONIOBUHbI Na-
LUMEHTOB C 3aperncTpmpoBaHHbiM agnarHosom MBC
COOTBETCTBYHT MOSHbIM ANArHOCTUYECKMM KpUTe-
puam 6onesHn Kasacaku [36].

BTopbim dheHoTUNOM TeveHns MBC gasnseTcs
BapuaHT MBC y geTei ¢ npeMMyLLeCTBEHHbIM Mo-
paxeHnem muokapaa (MBC BM-ceHoTun). Y ge-
Ten ¢ MBC BM-¢eHoTMnoM vawe Habnoganmco
PYNbMUHAHTHbLIE NPOSABAEHUS CO CHWXEHHOM
®BIDK, TaxKenon knanaHHon peryprutaumen n Ha-
nuynem nepukapanansHoro Beinota [49]. Y 32—
76 % nauneHToB ¢ MBC B cnyyae Tsbkenoro Bu-
PYCHOro MmokapguTa 3a c4eT NnopakeHusi kKapaun-
OMMUOLMTOB MHMEKUNOHHBIMU TOKCUHAMU U BO3-

aencrenem obpasyroLmnxca npoTusBokapamans-
HbIX aHTUTEN UMEKT MECTO NPU3HaKKM LWoka (Kap-
ONoreHHoro unm sasogunartartopHoro) [1, 50, 51].
M. Gottlieb n coaBT. ykasblBatoT, YTO y MHOTMX Ae-
Ten Ha dpoHe MBC pasBuBaeTcs BasogunaraTtop-
HbIW LLOK, KOTOPbIA MOXeT OblTb HEBOCMPUUMYUNB
K agekBaTHOMY BOCMOSIHeHUO obbema. Mogob-
HbIM nauMeHTaMm MoXeT noTpeboBaTbCs Ba3on-
peccopHas nogaepxka TakuMmmn npenapaTamu, Kak
ANMHEMPUH NN HopanuHedpuH [12].

XOoTa CMEPTHOCTb NauMeHTOB Gblna BbICOKOWN
B TeYeHue nepBbiXx 6 4 nocne rocnutanusauum,
y 100 % BbPKMBLUMX OTMEYEHO MOSTHOE BbI3A0POB-
rfieHne Npu COBPEMEHHOM paHHEM afeKBaTHOM Be-
aeHun geten ¢ MBC BM-ceHoTunom 3abonesa-
HUs. KnvHuyeckas kapTuHa Hapsay ¢ OTYeTNUBbI-
MU NabopaTopHbIMU U 3XOoKapamorpadmyecknmm
0COBEHHOCTAMN MOXET MOMOYb B MOCTAHOBKE
AnarHosa, a CBOEBpPEMEHHOe Jie4YeHne MoxeT
OrPaHNYUTbL CMEPTHOCTb MAaLMEHTOB B 3TON rpyn-
ne [47].

B 26 % cnyyaeB oTmMe4vancsa TpeTuin beHoTumn
MBC. 370 ObIfiM NAUMEHTbI C KNUHUYECKMMN NPO-
ABNEHUAMM, COOTBETCTBYHOLLMMN CUHOPOMY TOK-
cnyeckoro woka (deHotun MBC CTL). Ero otnu-
YnTenbHbIE YEpPTbl — HanuMuue pBOTbI, ANapeM,
pedpaKkTEPHOro K XMOKoCTK LWoKa, Tpebytoero
WHOTPOMHON NOAAEPXKKN, CAIN3UCTO-KOXHbIX U3Me-
HEHUMN U COXpPaHEeHHbIX PyHKUMA cepaua. OToT
noagTun oTnmyaeTtca oT muokapauta (MBC
BM-theHoTMnNa) kak KNMHUYECKMMN MPOSIBIIEHMSMM,
TakK u ncxogom [47].

[ns npakTnyecknx Bpayven npuctansHOro BHU-
MaHWs 3acryXmnBaeT CpaBHUTENbHAsA Xapakrepu-
CTMKA OCHOBHbIX KIMMHUKO-NabopaTopHbIX NpU3Ha-
KoB, MeBLUNX MecTo Y geten ¢ MBC, accouunnpo-
BaHHbIM C nHpekumen SARS-CoV-2, n y naumneh-
ToB ¢ COVID-19 6e3 MBC (rpynna cpaBHeHUs).
C 37Ol Uenbl Ucnonb3oBaHbl 0ny6rnKoBaHHbIE
M. Ahmed 1 coaBT. AaHHblE cMcTEMaTUYECKOro 06-
30pa, BKJIHOYABLLEro aHanua paccmMatpuBaemblX
napameTpoB y 662 naumeHtoB ¢ MBC n 2445 —
N3 rpynnbl cpaBHeHUs [7]. YkaszaHHaa nHpopma-
unsa npeacTtaeneHa B Tabnuue.

Kak BnaHo 13 tabnuubl, BENnU4MHa aHanmsumpye-
MbIX NMPU3HAKOB pasnuyaetca y geten ¢ MBC
n ¢ Hannunem uHpekuun SARS-CoV-2 6e3 pas-
Butua MBC. Hanbonee vHdbopmatMBHbIMK ONS
MBC saBnsioTca nokasaTenu cogepXxaHus y naum-
€HTOB NpOoKanbUMTOHUHA (NpeBblleHne B 122
pasa), pepputmHa (nNpesblweHne B 18,9 pasa),
CPBb (npeBbliweHne B 17 pa3s). PasBuTtne aHeBpr3M



3[PABOOXPAHEHWE. HEALTHCARE 12/2022

Nekunn n o0630pbI 63

CpaBHUTENbHAA XxapaKTep1MCTUKaA KITMHMKO-1TA60paTOPHO-UHCTPYMEHTanbHbIX NPU3HAKoOB y AeTen
c MBC n y naumeHToB 6e3 MBC (B moaudunkaumm aBTopa)

MaumeHTsl ¢ MBC (1-g rpynna) MaumneHTbl 63 MBC(2-a rpynna) WHpeke
CpaBHeHUS
Mokasarere n M+SD n M+SD BEJTNYMH
(1-a rp./2-a1p.)

KomopbugHoctb, % 558 48,0 655 35,6 1,35
NenkounTbl, 10°/MKn 395 13,240,8 811 7,1£0,3 1,86
Hentpodunsl, % 276 80,7+7,8 512 44 4+27 1,82
Jinmcdbouutsl, % 306 9,8+0,8 672 39,942,0 0,24
"emornobuH, r/gn 211 10,2+0,8 211 12,9+0,9 0,79
ANT, EO/N 226 59,8441 656 19,5+1,0 3,07
ACT, E[/n 145 57,315,3 469 29,412 2 1,95
KpeaTvHuH, mMr/an 158 0,9+0,1 449 0,3+0,0 3,0

CPB, mr/n 439 160+7,0 643 9,4+0,5 17,02
DeppuUTrH, Hr/MnN 303 977+55,8 22 51,6+13,2 18,9
MpokanbLUMTOHWH,HI/MN 312 30,5+2,1 259 0,25+0,0 122,0
nar, Ed/mn 300 4781454 404 2771259 1,73
IL-6, nr/mn 257 184+15,6 92 26,1+3,7 7,05
D-gumep, mr/n 349 3,5+0,4 285 0,70,1 5,0

PnbpuHoreH, mr/an 267 499+58,3 179 224413 2,23
CO3, mm/y 191 59,4491 134 14,1+3,4 4,21

AneBpusma, % 662 7.1 7780* 0 7.1

JletanbHbIli ucxop, % 662 1,7 7780* 0,09 18,9

MpunmeyaHuue: *— obobLieHHoe yncro naumeHTos ¢ COVID-19 6e3 MBC (uut. no [7]).

oTMevanocb y 7,1 % naumenTtoB ¢ MBC, aTtoT npu-
3HaK OTCyTCTBOBan y Aeten, He UMEeBLUMX KITUHU-
Yyeckunx npusHakos MBC. Cuutaem, 4to npeacras-
neHHas nHdpopmaunsa gosmKHa ObITb MCNONb30Ba-
Ha NpakTU4YecKnMun Bpadamm Ha atane auddepeH-
uManbHOMW OUArHOCTUKM U MOHUTOPUPOBAHUS
COCTOSIHMSA MauMeHTOB MPU YCTAHOBMNEHHOM
aunarHose.

Mo MHEeHMIO MHOMMX UccnenoBaTenen, cepaey-
Ho-cocyaucTble Hapywenusa npu MBC yvalue Hop-
ManusylTcsa nepes BbINMCKOW NaumneHTa u3 6orb-
HULbI, HO Y psida nauMeHToB OBHapyXMBalTCS
OCTaTOYHbIE SIBNEHUA NMOpaxKeHns cepua, BKIto-
Yyad nporpeccupoBaHne aHeBpU3Mbl KOPOHAPHOM
aptepun. CregyeT ykasaTb Ha OrpaHWYeHHOCTb
3HaHMN Ha COBpPeMEHHOM aTarie no noBoAy BO3-
MOXXHOCTW NPOrHO3a A0STOCPOYHBLIX OCITOXKHEHUNA.
OTOT paKkT AUKTYeT HEOBXOAUMOCTb Ba)KHOCTU
CpeaHecpOYHOro U SONrocpoYHOro HabnaeHus 3a
Takumu nauueHtamu [1].

Bce naumeHTbl C pasnuyHbIMKU heHOTUNnYEC-
Knmu ocobeHHocTsamun TedeHns MBC gomkHbl Ha-
onogatbes y AeTCKOro Kapguornora ¢ aHannsom
axokapauorpammbl. Cpoku nocriegyoLwero Ha-
OnogeHna 1 BU3yanusnpyowmnx nccnegoBaHum
OyayT 3aBUCETb OT KITMHUYECKOrO TeYeHUs, a Tak-
Xe OT TUMa U TSKEeCTU nopaxeHusa cepgua. MNa-
LUMEHTbl C COXPaHSALWUMNCA aHOMannamm Kopo-
HapHbIX apTepuUin UM CHMXEHHON OYHKLNERN Xe-

Nyao4KOB OOMKHbI NpodormkaTbe HabnwgaTbes
y OETCKOro Kapauosiora noka npucyTcTBYOT Mno-
cnepctemnsa MBC. YuyuTtbiBasi HEM3BECTHOCTb AU~
TenbHOro NPOrHo3a, Aaxe Te nauueHThl, Y KOTo-
pbIX BOCCTaHOBUNACh PYHKLMUSA Xenygo4KoB Unu
ncyesna KopoHapHasa gunartaums, TpebyroT ganb-
HeWwwero HabnoaeHs B Te4eHne 4onroro Bpeme-
HU. MN3-3a BbICOKOW pacnpoCTpaHEHHOCTU Mnopa-
Xenus mmokapga npu MBC nocne BbINUCKU K3
cTaumoHapa TpebyeTcsa OCTOPOXHOCTb NpU BO3-
BpaLLleHUn K dmamyeckomn aktueHocTu. F. Sperotto
1 COaBT. NOCNe NepeHeceHHOoro ocTporo MMokap-
auta Ha dooHe MBC pekomMeHaYHOT orpaHudeHne
13MYECKOM aKTUBHOCTU B TEYEHNE KaK MUHUMYM
6 Mec nocne NOCTaHOBKM AuarHo3a ¢ npeasapu-
TENbHOW OLEHKOW OaHHbIX 3XoKapanmorpammsbl
N TecToB C omanyeckon Harpyakon [1]. Takum 06-
pasoM, pofb AeTCKOro kapauornora B AnucnaHcep-
HOM HabnwaeHnn 3a 4ETbMU, NEPEHECLLUMMU UH-
dekunto SARS-CoV-2, ocobenHo B Buge MBC
C HanMuneMm NpPU3HaKoB NOPaXKEHNS cepaeyHO-Co-
CYANCTOWN CUCTEMbI, ABNSIETCA Ype3BblHaHO BaXx-
Honm [6, 36, 52].
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MMCTOrEHE3 U OPTAHOIEHE3 JIETKOro B MPEHATAINIbHOM NEPUOAE
OHTOrNeEHE3A. CO3PEBAHUE CYP®AKTAHTHOM CUCTEMbI NIETKUX

T. M. CTYAEHUKUHA, 1. 1. KOTOBKUM

Benopycckuin rocyfgapCTBEHHbIN MeAULUHCKMIA yHUBepcuTeT, MuHck, benapych

Cmamebs nocssiweHa pasgumuro U (hopMUPOBaHUID 51e2K020 8 aMOpuoHaibHOM nepuode pazsumusi. Oxapakmepu3o-
8aHbl UCMOYHUKU ¢hOPpMUPOBaHUS, MexaHu3Mbl U nocrnedosameribHble cmaduu aucmozeHe3a bpoHxuanbHo20 Opesa,
bpoHxuon u anbseon. [MpusedeHbl ocobeHHOCMU MOPghono2u4eckKkoeo u bUOXUMUYECKO20 co3pesaHus cypghakmaHma.
U3yyeHue ocobeHHocmel aMbpUOHaIbHO20 2UCMO- U op2aHOo2eHe3a /leekoz20o no3gossiem onpedenums Mopgonoau-
Yecky 0CHosy ¢hopMUpPOBaHUS MOPOKO8 pasgumus u 3aboriesaHull 3moeo opeaHa.

Knroyeenie cnoea: pazsumue rieeko2o, ambpuoHanbHoe reekoe, dughghepeHyuposka nHesmouyumos |l muna, auc-
moeeHe3 bpoHXx08, co3pesaHue cypthakmaHma.

The article is dedicated to the histogenesis and organogenesis of the lung’s structures. The sources of formation,
mechanisms and sequential stages of the bronchial tree, bronchioles and alveoli histogenesis are characterized. The
article contains the data about morphological and biochemical maturation of surfactant. The study of features of embryonic
histogenesis and organogenesis of the lung helps to determine morphological basis for the formation of malformations

and diseases of this organ.

Key words: lung development, embryonic lung, Il type pneumocyte differentiation, bronchi histogenesis, surfactant

maturation
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LUNG’S HISTOGENESIS AND ORGANOGENESIS DURING PRENATAL PERIOD OF ONTOGENESIS. MATURATION OF THE

LUNG SURFACTANT SYSTEM
T. M. Studenikina, I. L. Kotovich

[bixatenbHas cuctema — eOuMHCTBEHHAsA CUC-
TemMa B pa3BMBalOLLEMCH OpraHnsme, KoTopas He
BbIMONHAET CBOEN OCHOBHOMW (PYHKLMU B nepuog
ambpuoreHesa. [NNoaToMy npouecch! AeTepMrUHaLmm
N anepeHLNpPOBKN PasfnYHbIX CTPYKTYP Nerko-
ro NpoTeKatoT Ha NPOTSPKEHUN BCEro ambpuoreHe-
3a; KpUTUYECKNe nepuoabl UX pasBUTUS PacTAHY-
Tbl BO BPEMEHM, YTO AenaeT ferkie ysa3BumMbIM op-
raHoM ANns AencTBus HebnaronpusTHbIX hakTopoB
oKpyxatoLlern cpefbl. B cBA3M ¢ 3TUM NOPOKM pas-
BUTUA Jerkux — AOCTaTOMHO YacTasd naToriorus
[1—4]. Tem He meHee B nepuog BHYTPUYTPOBHOIO
pasBUTUA NErkne BbIMONHAT PAA (OYHKLMI, BIUAO-
LUMX Ha pOCT U co3peBaHue COBCTBEHHbIX CTPYK-
TYP, CEKPETOPHYH U UMMYHHYO (OYHKLIUN.

VicTouHnkammn pasBuTUA OpraHoB AblXxaHus AB-
ngaTCA NpexopaarbHaga NnacTuHKa n MeseHxmma.
YyacTok npexopganbHON nnacTUHKK, BXOOALWMA
B COCTaB NnepegHen KULLKN, ABNAETCA UCTOYHUKOM
OopMUPOBaAHUSA IMUTENNA OPraHoB AblXaHUS,
a Me3eHXuMa — COeOMHUTESIbHON, XPSLLEBON,
rMagKkon MbILIEYHOW TKaHEN B PasfIUYHbIX CTPYK-
Typax Nerkoro n KpoBEeHOCHbIX cocyadoB. Helpo-
aKTogepma y4yactByeT B 06pa3oBaHUN SHOOKPUH-
HbIX KneTok [3, 5].

MexaHunambl perynaumn. OCHOBHble CObObITHS
B paHHeM MopdoreHese Nerkoro KOHTPONMPYTCA
reHamn mbx4, sox2 n sox9 Unn Ux TpaHCKPUNLM-
OHHbIMU chakTopamu, 6enkamm na rpynn FGF, WNT,
TGF, SHH [4, 6—11]. Tak, dbopMr1poBaHue 1 onpe-
AeneHHas nokanusauusa 3aknagky nerkoro 3aBu-
CAT OT NOBbIWEHNSA KOHLEHTpauum peTMHOeBOW
KMCNOTbI, KOTOpas NpoayuupyeTcs KneTkamu Ok-
pyXawLwen Me3eHXMMbl U ABNAETCA NPOaYKTOM
aKTMBaLUUKM TpPaHCKPUNLMOHHOro daktopa TBX4.
OTOT TPaAHCKPUMUMOHHBIA PaKTop M3Ha4varnbHO
OTBETCTBEHEH 3a POPMUPOBAHMNE NepeHEN KNLL-
Kn, 3aTeM 3a 3aknagky, ganbHenwmin poct n gud-
depeHunpoBky nerkoro. benkn WNT oTBevaroT 3a
cerMeHTaumto opranHa, cemencteo SHH saBnsetcsa
OOHUM M3 OCHOBHbIX MOPOreHOB, KOHTPONMPYHo-
LWMX floKanusaunio 1 NeBo-npaByrd CUMMETPUIO
MHOIMX OpraHoB, B TOM uncrie nerkux. benkun FGF
UrpatoT posib B aHrnoreHese n auddepeHumpoBke
APYrMX NPOM3BOAHBIX ME3EHXMMbI; NOBbILLIEHNE X
KOHLEHTpaLuMmn ABMSeTCa CUrHanom K BETBIIEHUIO
anNUTenuanbHbIX TSXen n Tpydouek. benkn TGF
Takke BaXKHbl B npoueccax (oOpMUpPOBaHNS BHe-
KNeToYHOro MaTtpukca u ero B3auMogencTBus
C anuTenuem.
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B snutennanbHO-mMe3eHXMMarnbHbIX B3anMo-
OENCTBUSAX MEe3eHXuMa urpaeT UHCTPYKTUBHYIO
ponb, BKIYasa pasHble Habopbl reHoB OTBeYato-
LLMX anuTenuanbHbIX KNeTok. Npun sTom 6onbLuyto
pOonb UrpaeT MEeCTO floKkanm3aunumn Me3eHXUmMbI [12—
14]. Tak, pecnmpaTopHbIV anuMTenanbHbli guBep-
TUKyN B obnacTtu wen He BeTBuUTCS (06pasoBaHune
Tpaxeun), a HauMHaeT BETBUTLCA NULLb B FPYAHOM
oTaene (hopMmpoBaHUe rmaBHbIX U 4ONEBbIX OPOH-
XOB). B akcnepumeHTe npu nepeHoce Me3eHXUMbI
13 obrnacTtu weun B rpyaHon OTAEN BETBIEHME pe-
CNMpaTOpPHOro AMBEPTMKYSA TaM npekpallaeTcs.

OgHMM 13 NpegnonoXeHnn, kakmm obpasom
BO3ENCTBNE ME3EHXMMbI MPU PasBUTUM NETKOro
obecneunBaeT BeTBMNEHME anuTenNnanbHbIX Tpy6o-
yek, aBnseTca cnegywouwee. MeseHxumanbHble
KNeTkn popMupyoT KonnareHosble pubpunnsl,
KoTopble, 06pasys Ny4oK y cnemnoro KoHua Tpyoou-
KW, npegoTBpawatoT paspylieHme GasanbHom
MeMbpaHbl aNUTENUsa B 3TOM fokyce. PepMeHThI,
TaKke cekpeTnpyemble Me3eHXMManbHbIMU KIeT-
Kamu, pacLLennstoT KOMMOHEHTbI 6asanbHON MeM-
OpaHbl cocefHMX y4acTKoB. HapyLleHne CTpyKTy-
pbl 6aszanbHOM MeMbpaHbl CTUMYNUPYET MUTO3bI
anuTenuanbHbIX KNEToK aTux obracten, 4YTto npu-
BOOUT K (POPMUPOBAHUIO N YrNyBreHunto wenm
B MecTe nokanusauummu nydka KosinareHoBbIX
dubpunn v yanuHeHuo OByx Tpyboyek no 6okam
LLIeNM — NPOMCXOaNT OUXOTOMUYECKOE pa3aeneHue.

B pasBuTUKM nerkoro BblgensoT 4 ctagun.

1-a cTagusa — 3aknagka nerkoro, kotopas npo-
ncxoauT Ha 4-n Hepgene ambpuoreHesa [2, 3, 10,

A b /

15]. Onutenuin BeHTpanbHOW CTEHKU nepegHen
KWLLKM BpacTaeT B OKpY>KatoLLyo Me3eHxnmy. BHa-
Yyane 3akragka ferkoro coobLaeTcs ¢ KULKON, HO
no mMepe yanvMHeHWs 3aknagku obpasyTcs OBe
NpPoJoSbHbIE TPAxXeonuLLEBOAHbIE CKIMaaKu, KOTO-
pble (hOpMUPYIOT NEPErOpOAKY, OTAENSOLYIO Tpa-
Xero oT nuwiesoda (puc. 1).

Moa nHaYUMPYIOLLMM BAMSHUEM CO CTOPOHbI Me-
3eHXUMbI anNuUTenuansHasa Tpybka aenutces, opmu-
pys Ha 3TON CTaguu 3a4aTtkn OyayLuen Tpaxen, BHe-
NEeroYHbIX rmaBHbIX 1 gonesblx 6poHxoB (puc. 1, IN).

HapyLwweHua dopmmpoBaHus TpaxeonuiieBoa-
HOWN Neperopoakn NPMBOAAT K PasfMyHbIM TUMNam
aTpesuu nuweBoa ¢ TpaxeonuweBoaHbIMU duc-
Tynamu unu 6e3 Hux (puc. 2). HoBopoOXOeHHbIN
C Taknum gedekTom cBo6OAHO AbINT, HO MOPOK
pa3BuUTUS 0BHapPY>XMBAETCS NPU NEPBOM e KOPM-
nenuu. MNpwu atpesnn nuwesoaa 6e3 pucTynbl He-
fonblne nopunmn Mosioka cpasy Xe cpbirmBaeT
N CrivBaeT MOSOKO Yepes HOC; Npu Hanum4mm duc-
Tynbl MOSIOKO NonagaeT B Tpaxeto U BO3HUKaET ac-
nupaums.

3avacTtyto nogobHble aHoManum accounnpoBa-
Hbl C ApyruMu aedektammn passutus. Tak, Tpaxeo-
nUWeBoOAHbIE PUCTYNbI MOTYT OblITb YacTblo
VACTERL-cuHgpoma (aHomanuum no3BOHOYHMKA
(vertebral anomalies), atpe3us aHyca (anal
atresia), gedektbl cepgua (cardiac defects), Tpa-
xeonuuweBogHas guctyna (tracheoesophageal
fistula), aTpesunsa nuwesoga (esophageal atresia),
aHomanusa noyek (renal anomalies), gedekTbl
kKoHeuHocTen (limb defects)) [1, 10, 15].

Puc. 1. 3aknagka opraHoB abixaHus [10, 15]: A — Hauyano 4-n Hegenu; b — koHel 4- Hegenu; B u T — 5-a Hegens;
1 — pecnupaTopHbIi AnBepTukyn (1a — 3avaTok Tpaxen, 16 — 3a4aTok BHEMNErovHbIX GPOHXOB, 1B — 3a4aTkn A0NEeBbIX
OpoHX0B); 2 — nepeHAs KuLKa (2a — rnotka, 26 — nuLeBoA); 3 — TpaxeonuiieBoaHasa neperopogka; 4 — meseHxmma
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Puc. 2. BapuaHTbl HapyLleHWU Npy pasgeneHnn ablxaTenbHOM 1 nuweBapuTenbHon cuctem [15]:
1 — Tpaxesi; 2 — GpoHxu; 3 — NpoKcMManbHas YyacTb nulleBoaa; 4 — AucTanbHasi YacTb MULLEBOAA;
5 — TpaxeonuiieBoaHasa ductyna; 6 — atpesusi nuweBoaa

2-9 cTagmna — ncespoxenesncrtas. B nepuopg
C 5-1 no 15-t0 Hegent nyTem BETBIIEHUSA anuTe-
nnanbHbIX TPYOOK B Me3eHxume opmupyeTtcs
BO3ayxonpoBogsawmin otaen (puc. 3). BeTenenuve
no-npexHeMy perynupyeTtcs anuTenuanbHo-me-
3eHXMmarbHbIMU B3aumogencTenuamn. HasgaHve
cTaguun oTpaXkaeT rMCTONOMMYECKYHO KapTUHY ner-
KOro: anutenuin 6yaywmx 6poHXOB 3aMETHO BaKyo-
NM3MPOBaH, YTO NpUAAET Cpe3y opraHa Bug 3K30K-
PUHHOWM Xeneabl (puc. 4) [2, 6, 10, 14—16].

B Hauane 5-i1 Hegenu anuTtenuarnsHble Tpyoou-
KM 3aHMMatOT OKOSO OOHOW TpeTu cpesa ferkoro
(puc. 4, A), a ocTtanbHble ABe TPeTU NPUXoaATCH
Ha Me3eHXMMY, HO K KOHLY 15-1 Hegenu kaxxgasi ua
3aKknagok 3aHMMaeT OKONO MOMOBUHbI cpe3a
(puc. 5). OnddpepeHumpoBka cTeHoK ByayLmx 6poH-

Puc. 3. dopmupoBaHmne BpoHXManLHOro Aepesa,
8 Hep [15]: 1 — BeTBNEHMA anuTenuanbHoON TpyoKy;
2 — Me3eHxuma; 3 — rnaBHble OPOHXY;

4 — ponesble GPOHXM

XOB MPOMCXOOUT MO Mepe MX BETBIEHMS, NO3TOMY
Tpaxesi 1 KpynHble 6poHxn 6onee auddepeHumnpo-
BaHbl, a Merkue OpoHxu — MmeHee [2, 5, 17].

Puc. 4. lMNcespoxeneancraa ctagnsi pa3BUTUS NErkoro,
7 Hep [16]: A — obwuii B1A opraHa: 1 — anutenuanbHble
Tpybkn; 2 — meseHxuma; b — nonepeyHbin cpes npumu-
TMBHOro OpoHxa: BUAEH BbICOKUM CTONGYaThIi BaKyonmau-
pOBaHHbIN anuTenui (1), crylleHns meseHxmumsl (2) BOKpyr

anuTennanbHOW BbICTUMKKN, KPOBEHOCHbIE cocyabl (3)
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Puc. 5. lMNceBpoxeneancraa ctagnsi pa3BUTUS NErkKoro,
15 Hepn [16]: BuAHbLI nonepeyHble cpesbl 6poHxoB (1),
KOTOpble 3aHVMMalT OKOMO MOSOBKHLI Cpe3a opraHa;

BTOpas MOSIOBMHA NPUXOAUTCA Ha Me3eHXumy (2)

Tak, B Ha4ane nceBaooXenesncTon cragum Tpyo-
KM MMEIOT TONCTbIe anuTenuarbHble CTEHKW, BbICT-
naHHble cTond4YaTbiM UNN KybrU4eckum anutenvem
N OKPY>KEHHbIE YMITOTHEHHON Me3eHXMMOoW (puc. 6 —

-,

2

B

Ans Tpaxen n KpynHolx 6poHxoB, 5-a (A) n 10-a (B)
He[lenn COOTBETCTBEHHO). INUTENNOLUTLI UMET
OOMHaKOBYIO POPMY M NMPaKTUYECKN HE OTIMYaTCA
Apyr oT gpyra: opraHensisl HEMHOTOYUCIEHHbI, HO
KeTkn cogepxat MHOIO rMnKoreHa.

K okoH4aHuIo nceBOoXenes3ncTon craguu Tpa-
Xesi U KpynHble BPOHXKU (gonesble U cermMeHTap-
Hble) BbICTNaHbl MHOMOPAAHBIM LUAVHOPUYECKUM
anuTenuem, B KOTOPOM ONPeaensitoTCa pecHUTYa-
Tble, cekpeTopHble (B Byaywem — Gokanosua-
Hble), 6asanbHble KNeTKun, NoABMASITCA HENPOIH-
[OKPUHHbIE KneTkn. O4YeBUAHO, CEKPEeTOpHbIe
KNeTKN yXXe Ha 3TOW CTaauy HaYMHAKOT BbiAENsTb
B MPOCBET HE3HAYNTENBbHOE KONMYECTBO CeKpeTa.
B nogcnmsncton obonovke hopmMupyoTca xene-
3bl, NOSABNATCS XPALM, ONPeaensTca apTepum
(puc. 6, B — onga gonesbix 6poHxoB, 12-a Hefe-
na)[2, 3, 10, 14, 17].

B atoT xe nepuopg (11—15-a Hepenn) Gonee
no3aHue reHepaunn (Mernkue 6poHxXu, TepMuHans-
Hble BPOHXMONbI) NPEeAcTaBnaloT cOBON THXKU, He
nmetoLLmMe npoceeTa, Unn TpyboYKK, BbICTNAHHbIE

/3

Puc. 6. Otanbl ructoreHesa crteHkun 6porxa [15]: 1 — anutenuii; 2 — mMe3eHxuma; 3 — pasBuBaloLLMNCS XPSALL;
4 — cdhopMupoBaHHbIN XpsLl; 5 — obpasoBaHWe rmagkon MblLeYHON TKaHW; 6 — obpasoBaHue coeQnHUTENbHON TKaHW
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OOHOCIONHBIM LUITMHOPUYECKUM NN KyBrnyecknm
anuTenueM C BKMOYEHUsIMU rmukoreHa 6e3 npu-
3HakoB guddepeHumpoBknu. Bokpyr Tpybouek
KOHLEeHTpupyeTca MeseHxuma (puc. 6, b, puc. 7).
Cocyabl Mano4vncrieHHbI.

B cepenvHe ncespoxenesucton cragum (6—
10-a Hegenun ambpuoreHesa) B NPOCBETE ropTaHn
dopmupyeTca anutenuansHas npobka. dusmnono-
rmyeckasi aTpesunsi roptTaHu genaet HeBO3MOXHbIM
coob6LLiEeHNe aMHUOTUYECKOW MOSOCTUN N AblXaTernb-
HbIx nyTen [18]. Ha 10-n Hegene NpoucxoanT UH-
BOMOLMSA OKKIHO3UWU U OKONOMMOAHbIE BOAbI MPO-
HUKaIOT B AbIxaTernbHble NyTu. [prMepHo B 3TO Xe
Bpems (nocne 10-1 Hegenw) y nnoga 4venoseka
BO3HUKAIOT NepBble anM3oauveckue BHyTpuyTpoo-
Hble AblXxaTenbHble ABWKeHUs. [Npu cokpalweHun
Avadparmbl (BOOX) aBMNeHWe B Tpaxee yMeHbLLUa-
eTcs N HebonbLIon 0O6beM aMHUOTUYECKON XNa-
KOCTU nepemeLLaeTca B CTOPOHY nerkux. Okoro-
nnogHble BoAbl BMECTe C cekpeToM BpoHxuanb-
HOro anutenua obpasyloT BHYTPUIErovHyw de-
TanbHY XUOKoCTb. [1pn BblgOXE BHYTPUEroyHas
XWOKOCTb BbITEKAeT B aMHMOTUYECKYIO MOMOCTb.
Mponcxoant obMeH coaepXXumbiM Mexay detarnb-
HbIMW NIErKUMU U aMHUOTUYECKOM NonocTbio. Mo-
3TOMY KOMMOHEHTbI BHYTPUIEro4YHOM XUAKOCTU
onpeaensoTca B OKONonnogHblx sogax. Oyesua-
HO, BHYTPUYTPOOHbIE AblXxaTelbHble OBUXEHUS
Heob6xo4MMbl He TONbKO ANA NOArOTOBKW AblXa-
TenbHOW MYCKyrnaTypbl K OCYLLEeCTBEHUIO AblXxa-
TenbHON PYHKUMK, HO U ANS LMPKYNAUUK nerov-
Hou xuaKkocTu. OHa ocBOBOXOAET anuTenuarnbHyo
BbICTUIKY OT KMETOYHOro AeTpuTa, yBnaxHsaeT

Puc. 7. TnctoreHes cteHku menkoro 6poHxa
Ha ncespoxenesncTon ctaguun passutus, 10—11 Hen [16]:
OpoHX MMeeT BUA TPYOOUKM, BbICTIIAHHON OOHOCMOMHBIM
ctonbyaTtblM BaKkyonuampoBaHHbIM anuTenuem (1) 6e3
npu3HakoB AndepeHLMpoBKN; 2 — Me3eHXMMa

N 3alLmLIaeT anuTenui, okasbiBaeT Heobxoaumoe
CTUMYNUpytoLLIee AaBrieHNe Npu BETBMEHUN, POC-
Te, hopmmpoBaHMKn NpocBeTa GPOHXOB, a B Aarb-
HenweM — GPOHXMON, anbBEONSIPHbIX XO40B U Me-
woykoB. Ecnn o6bemM aMHUOTUYECKON KULKOCTK
CHWKEH, TO BHYTPUMErovHOro AaBfeHnsa HegocTa-
TOYHO 4151 HOpMaribHOro BETBMEHUSA U pocTa BpoH-
XuanbHOro 1 6pOHXMONAPHOro ApeBa, anbBeonsp-
HbIX XO40B M MeLloYKoB. NoaTBepXaeHnem aToro
CIY>XUT TOT GOaKT, YTO NPU BPOXKAEHHBIX aHOManmsax
AblXxaTenbHOM MyCKynaTypbl, HapyLLUeHMaX hopmu-
poBaHusA auadparManbHOro HepBa, Korga BHYTpU-
YTPOOHbIE AblXaTeNbHble ABUXKEHUS] HECOBEPLLEH-
Hbl, MOXET BO3HWUKHYTb MMNOMMasns Nerkux.

Takum obpasom, B TeHEHUE NCEBOOXKENE3NCTON
craguu:

— hopMUpYIOTCS BCE BETBMEHUSI BO3YXOMNPO-
BoAsLlero otaena. BetsneHve anutenunansHom
3aKknagku npoucxoauT 3a cHeT UHAOYLMpPYoLero
BJIUSIHUS CO CTOPOHbI ME3EHXMMbl U OaBMEHUS
HebonbLIoro 06 bema BHyTpUNEroYHom heTtanbHOM
XMOKOCTU (CekpeT BpOoHXMarnbHbIX ANUTENMOLUTOB
1 Xenes, OKONOMMOAHbIX BOA);

— NPOUCXOANT aKTUBHasA nponudepaums n Ha-
YymHaeTcs AndpepeHUMpoBKa BCEX KINETOYHbIX
nonynsumi (aNUTenus, coeguHUTENbHOTKaHHbIX,
rMagKoMbILIEYHbIX, XPALLEBbIX 3N1IEMEHTOB). M3-3a
aKTMBHOCTU NPOUCXOASALMX MPOLLECCOoB 3Ta CTa-
Ons 9BnseTcs KpUTUYECKMM NEPUOLOM pasBUTUSA
nerkoro [2, 3, 5, 14, 17].

3-9 cTagna — kaHanukynsapHas (16—25-a He-
4enu), xapakrtepuayeTcs hopmMupoBaHMeM NpuMun-
TMBHOIO pecnupatopHOro otgena — AbixaTtenb-
HbIXx 6poHXMoON 1 auuHycos. B aTOT nepunoa npo-
OOIDKaeTCsl poCT M aKTMBHOE BETBIIEHME KaK Mo-
NbIX anuTenuanbHbIX Tpybouek, Tak U TSHKEN, He
nMetoLmnx npoceeta [2, 3, 10, 15].

K KOHLY KaHanuKynsipHOWM CTagmmn COOTHOLLEHME
MEXAy anuTenMemM M Me3eHXMMOW COBUraeTcs
B CTOPOHY 3MUTENUS U CTAHOBUTCS paBHbIM 3 : 1
(puc. 8). OkoH4yaHue cTaguu 3HameHyeTcs op-
MWUPOBaHMEM MPUMUTMBHOIO aLMHyca: TeEpMUHarb-
Has 6poHXMona BETBUTCA Ha AblXaTernbHble BPOH-
XWOMbl TpeX NOPSAKOB, OT KaXKAOW U3 KOTOPbIX
OTXOOAT anbBeonsapHble xoabl (puc. 9). Tepmu-
HanbHasa 6poHXMona BbICTNIaHa OAHOCIOMHbIM LiK-
NMHOPUYECKMM SNUTENueM, AbixatenbHasa — of-
HOCMOWHbIM Kybudeckum. 3aknagku anbBeonsp-
HbIX MELLOYKOB Ha 3TOM CTaguu npeAacTaBfieHbl
TepMUHanbHbIMKU NOYKaMM — CKOMMEHMEM NPOSin-
dhepupyrowmnx aNNTENMOLUTOB, HE UMEIOLUM
npoceeTa.
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Puc. 8. KaHanukynapHas ctagms pasButust NErkoro,

18 Hepn [16]: Ha cpe3e nerkoro BMAHbLI aKTMBHO Aensawmecs
anuTenuansHble Tpyboukn (1), anddepeHumpyowmiics
Menkuin 6poHx (2), TepmuHaneHble GpoHxmonsl (3),
anuTenuanbHble Tshkn Oyaywmx OpoHxmon, ewe
He vMeloLme npoceeTa (4); nnowaaps cpesa, 3aHuMaemasi
mMe3seHxmmow (5), ellle [OCTAaTOMHO Benuka,

HO CYyLLIECTBEHHO MeHblLE, YeM Ha npeapblayLuein ctagmm

Puc. 9. ®dopmrpoBaHue CTpyKTyp nerkoro
B TeyeHune ambpuoreHesa

Ha 22—24-n Hepenax pasBuUTUS NPOUCXOOUT
andpepeHumnpoBka Kybryeckux annuTennoumnToB
AblXaTtenbHbIX BPOHXMON Ha MHeBMOUUTbI 1-ro
n 2-ro Tunos [19—21]. YacTtb Kybuueckmx anute-
NMOLMTOB HE3HAYMTENbHO YNNOLWAeTCs, Konmye-
CTBO OpraHens B HUX yMeHbLUAeTCs, KNeTkn yTpa-
4ynBaloT CNOCOBHOCTbL K nponudepauun — Havu-
HaeTcs anddepeHumpoBka NHEBMOUNTOB 1-ro
Tvna. [Jpyras yactb Kybnyeckunx knetok (byaywume
NMHEBMOLNTBI 2-F0 TMNa) He MeHSIET PopMYy, HO Te-
pseT BKNoYeHUs rnmkoreHa. O4eBMAHO, OH UC-
nonb3yeTcsa Kak UCTOYHUK FIHOKO3bl, KOTopas SB-
nsaetca cybeTpaTtoM Ans cuHTe3a poconunngos
cypdaktaHTa (cCo3peBaHMe cUCTeMbl cypdakTaH-
Ta U3IOXEHO HUXeE).

OyeHb BaXHbIM COBbLITUEM KaHamMKyNApPHOM
cTaguun pasBuUTUA NIErKOro ABNSIETCA MHTEHCUBHOE
HOBOOGpa3oBaHMEe KPOBEHOCHbLIX Kanunnsapos
(pnc. 10). Kanunnsapbl BNSIOTHYO NOAXOAAT K 3Nn-
TennanbHOMY NnacTy U MHOr4a Aaxe BbinsavmBa-
I0TCA Mexay anuTenuanbHbIMU KneTkamu B noso-
CTM — TakK HasblBaeMasi kaHanusauus nonocrewn
(oTkyda npoucxoguT HasBaHWe CTagun, Tak Kak
TPYOKWN TEPSOT CBOKO MpaBuibHYO OpMy U Npu-
HUMaKT BMA HepaBHOMEpPHbIX KaHanos) [2, 3, 5,
10, 14, 17].

Takum obpasoM, B TeYeHWe KaHanukynsapHom
cTaguu:

— MNOJIHOCTbLIO 3aKkaH4MBaeTca AnddepeHum-
poBKa CTPYKTYp BO34yxonpoBosliero orgena:
CTeHKa BCex reHepaummn 6poHxoB cchopmMmpoBaHa.
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Puc. 10. KaHanukynspHas cTagus passBuTUsi fierkoro,
23 Hep [16]: Ha cpese nerkoro BuAHbLI kanunnsapsbl (1),
KOTOpbIE BMMOTHYHO MOAXOAAT K anuTenuansHoOMy nnacty
(2) n nHorga paxe BbLINAYMBAKOTCA MeEXOy
anuTenuanbHbIMU KNeTkaMmy B NOMOCTH; Takke
obHapyxuBatoTCst 3a4aTkn (NOYKK) anbBeONSAPHbIX
MELLIOYKOB, He MMetoLme npocseTa (3)

o
.
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HMcknoueHnem saBnsgeTcs nulb HeQoCTaTovHoe
pasBuTME 3NaCTUYECKMX BOMOKOH B COBCTBEHHOM
N MblLLEYHOM NnacTnHkax. B 6GpoHxax 3HaunTernb-
HO ycunumBaeTcs cekpeums peTanbHOro neroyHo-
ro cogepXxumoro. M3 nnasmbl anuTenmounTbl ny-
TEM aKTUBHOIO TpaHcnopTa NePeHOCHAT MOHbI XJ10-
pa, kanus, HCO,-MoHbI, TO ecTb Ha 3ToW cTaauu B
NErOYHY0 XNAKocTb fobasnseTcs n TpaHccyaaT
nnasmol;

— dopmMupyeTca MOAeNb pecnupaTopHOro oT-
aena nerkux;

— anuTenun abixatenbHbIX 6poHxnon andde-
peHuunpyeTcst Ha NHeEBMOLUTbI 1-ro 1 2-ro TUNoB,
HauMHaeTcs CUHTE3 hochonunuaos cypdakTaH-
Ta, KOTOpbIMK 0borawaeTcsa peTanbHas neroyHas
XngkocTb. Havyano gpopmmpoBaHna cypdaktaHTa
(22—24-9 Hepenu) Takke CYNTAKOT KPUTUYECKUM
nepnoaom pasBUTUSA NErkoro;

— MOSABMAKTCSA 3aKnagku anbBeOonsipHbIX Me-
LLIOYKOB, HE MMEIoLLME NPOCBETA;

— B Me3eHXMMe aKTUBHO (POPMUPYHOTCS KpPO-
BEHOCHbIEe COCyAbl; Kanunnapbl nogpacrtatT
K NHeBMouuTam 1-ro Tmna — 3aknagbiBaeTcs Oc-
HoBa Ans GOpMUPOBaHUSA asporemaTnyecKkoro
bapbepa,;

4-9 ctagma — cakkynspHasa (26—38-9 Hege-
nn), XxapakTepusyeTcs TeM, YTO B TEPMUHASIbHbIX

noYKax, KOTOpPbIMW 3aKaHYNBaNUCh anbBEONSAPHbIE
X0dbl, NOABNSAETCHA NPOCBET, OHU pacLUMpPSAOTCA
n BetBaTca. O6pasytoTCa NPUMUTUBHLIE anbBeo-
NApHble MEeLWOYKNn — OKpYyrnble CTPYKTYphI,
B OTNINYmMe OT TpyBUaTbIX CTPYKTYp, KOTOpble op-
MUpOBanucb B NerkoMm Ao cux nop (puc. 11, A) [2,
3, 22].

MocTeneHHO B CTeHKax pecnupaTopHbIX 6pOH-
XMON N anbBeOonsiPHbIX MELLIOYKOB NOABNAIOTCS
NPUMUTUBHBIE anbBeornbl (puc. 11, B): MeLoyku
3HaYMTENBHO PacLUMPAIOTCH, Pa3nensatoTCa TOHKU-
MKW cenTamu, cogepXaliMMu KPOBEHOCHbIE COCY-
Obl, anuTenuouunTsl ynnowatotca (puc. 12). Kanun-
NApbI NOAXOAAT BMMIOTHYIO K ANUTENnanbHbIM KneT-
KaMm, hopmMupyeTcs NPUMUTUBHbLIA asporemMaTtunyec-
kun 6apbep. B nHtepctuummn Habnrogaetcsa MHOro
dmbpobnacTtos, makpodaros, niumdouunTto. Prbd-
pobnacTtbl NpoayuUpPYT KOMMOHEHTbl MeX-
KNeTo4YHOro BelwecTBa M perynartopbl pocra anu-
TenuanbHbIX CTPYKTyp. KonnareHoBbIX 1 anactu-
YeCKnX BOSIOKOH B MHTepcTuumn Mano. K koHuy
BHYTPUYTPOBHOro nepuofa passuTns Konm4yecTso
COeMHUTENbHOM TKaHW CYLLLECTBEHHO CHWKaeTcs
[3, 10, 15, 22].

B nepudepuyecknx 4actax nerkoro anbBeorsl
npuobpeTaloT OKPYyrnyt ¢opmy 1 HanoMuHaT
AeduHUTUBHbIE (puc. 13); B UEHTparnbHbIX

Puc. 11. CakkynapHas ctagus passutus nerkoro [10]: A — cdopmMmmpoBaHue anbBeonspHbiX MeLoykoB (28—30-a Hegenwu);
B — dopmupoBaHve NpuMUTUBHBIX anbeeon (35—37-a Hegenu);, 1 — AbixatenbHasa 6poHxuona;
2 — anbBeonsipHble MELLOYKU; 3 — anbBeONspHbIA Xo4; 4 — NPUMUTMBHASA anbBeona; 5 — NHeBMOUMTHI;
6 — kanunnsp; 7 — nuvmdaTtnydeckuii kanunnsap; 8 — dopmMmupyoLnecs MexanbBeosibHble Neperopoaku
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1 NPUKOPHEBbLIX YaCTSIX COXPAHAOTCA HENpaBub-
Hble BbITSHYTbIE O4YepTaHusa 1 Gonee NPUMUTUB-
HOe CTpOoeHue, YacTb anbBeos HaxoauTCs B Cnas-
wemecs coctodHMn. K 30—37-1 Hepenam 3akaH-
ynBaeTcs popmMmpoBaHme aunHycoB. K poxaeHuto
KONMMYECTBO arbBeOs1 COCTaBrseT OKOSo 24 MiH
(y B3pocnoro — 300—600 mnH).

BaxHenwmm npoueccoM B TeYEHUe Cakkynsap-
HOro nepuoga ssnaetcs Guoxmmuyeckoe cospe-
BaHuWe cypakTaHTa eTtansHoro nerkoro. Cucre-
Ma Nero4yHoro cypdakraHta siBNAeTcs OOgHOW U3
nocrnegHnx cucTem, co3peBalolmx B npouecce
rectaumm [23—25]. HegoctaTo4yHOCTb CyphakTaH-
Ta aABngeTcsa pakTopoM pasBuUTMA OOHOro U3 Hau-
fonee YyacTo BCTpeyvawLWUXCH OCMNOXHEHUN
Y HELOHOLLEHHbIX HOBOPOXAEHHbIX B MOCTHAaTasnb-
HOM nepuode — CUHOPOMA AbIXaTernbHbIX pac-
CTPOWCTB.

3penbit cypdakTaHT — 3TO NOBEPXHOCTHO-aK-
TUBHbLIN NTMNONPOTEUHOBLIN KOMMIIEKC, KOTOPbIN
BbICTUNAET anbBeosbl U3HyTpu. OH cnocobceTBy-
eT pacnpasrieHno anbBeosn Ha BAOXe W NpensT-
CTBYeT UX CNadeH o Ha BblgoXe, TO eCTb CHUXa-
eT NOBEPXHOCTHOE HaTskeHue B anbBeonax. Cob-
CTBEHHO, Ha3BaHWe cypdakTaHTa n npoucxoguT
OT COKpPALLEHMWS aHININACKUX CIOB, ONUChIBAKOLLIMX
ero rrnaBHoe cBOWCTBO (surface active).

3penbin nerovYHon cypdakTaHT npubnuanTens-
Ho Ha 80—85 % cocTtonT n3 dochonmMnmaos, Ha
5—10 % — v3 HenTpanbHbIX NMNUEOB (FNaBHBLIM
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Puc. 12. CakkynspHas cTagus passBuTUs nerkoro, 28 Hef
[16]: Ha cpese nerkoro BMAHbLI MOIOCTU, KOTOPbIE AEnATCs
neperopogkamu (ctperka) Ha 6onee menkue, B centax
0BHapyXu1BatTCA KPOBEHOCHbIE COCyabl

obpasom, xonectepona) u Ha 5—10 % — u3 cyp-
rakTaHT-accoLMMpOBaHHbIX 6enKoB.

[MaBHbLIM KOMNOHEHTOM FIErOMHOro CyppakTaH-
Ta aBnsTca pocdonunuabl. B ocHOBHOM 3TO rnun-
uepodochonunuabl (MX «ckeneT» npeacraBrieH
rnuuepornom): hocaTUannXonuH (Mnv neLnTnH —
70—80 %), docdaTugnnranyepon (ao 10 %);
B MEHbLLMX KONMYecTBax NpucyTCTBYHOT hoccaTtu-
annuHosunTon, docdatmamncepuH, docdhaTuann-
3TaHonamuH, pocatmaHas kucnota [26]. HesHa-
ynTenbHoe Konmn4ecTso doconunnaooB 3penoro
cypakTaHTa npmuxoanTca Ha cmHrodocdonmnu-
Abl (Mx «ckenet» obpa3oBaH CHPUHIO3NHOM),
OCHOBHbIM NpefcTaBuUTeneM 3Toro Knacca sBns-
eTcsa cpuHromuenuH (CM).

MmeHHo ¢ npeobnagatoimm hochonnnmuaHbIm
KOMMOHEHTOM — dpocaTnannxonmHom (eX) —
CBSI3bIBAOT CHDKEHNE NMOBEPXHOCTHOIO HATSKEHNS
B anbBeonax. bonee nonosuHel ®X B cypdakTaHTe
NPeACTaBneHo OMHACLILLEHHBIMU hopMaMu, KOTO-
pble coaepXaT oCTaTKN ABYX HACBILLEHHbIX )KUPHbIX
KUCNOT, B OTNnM4Me OT MembpaHHbIx occonmnu-
OB, rae, Kak npaBumno, ogHa M3 XUPHbIX KACIOT
ABNAETCS HEHaCbILWEHHON. Tunnu4HbIM 518 cypdak-
TaHTa aBngeTcd AvnansMutonngocaTManixosvH
(ANeX), cogepxalumi ABa octaTka nanbmuTata —
HacblILLeHHoW 16-yrnepoaHon KUCNoThl. Takon xup-
HOKMCIOTHbIV COCTaB MMEET BaXXHOe 3HavYeHue A4
CTPYKTYPHO-(PYHKLMOHANbLHOW OpraHm3aumm cyp-
(aktaHTa. Bnarogaps NMHENHOW NPOCTPaHCTBEH-
HOW KOHMUIrypaLumn HacbIWEeHHbIX XXUPHbIX KUCMOT
AOMdX cnocobeH chopmmupoBaTh XOPOLLIO YNOPSA0-
YEHHbIW NNOTHLIA KOMMAKTHbLIN MOHOCITON, KOTOPbIV
YCMNELWHO CHWXaeT NOBEPXHOCTHOE HaTaXeHue
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Puc. 13. CakkynsipHas cTagus pasBuUTUS Nerkoro,
36 Heq [16]: Ha cpese nepudepnyeckoro yyacTtka rnerkoro
BUOHbI CHOPMUPOBaHHbIE anbBeosbl C XOPOLLIO
BaCKyNsipu3MpoBaHHbIMW CTEHKaMU
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N MPOTUBOCTOMUT «CNUNAHUIO» CTEHOK arbBeors
B npouecce Bblgoxa [27]. docconunugHbiin Criomn,
cofepxalmn HeHacblWeHHble XUPHOKUCMNOTHbIE
OCTaTKW, CTaHOBUTCA Bonee «pbIXbiM» U3-3a Ha-
nnM4ma n3rnboB B MecTax pacrnonoXeHns ABONHbIX
CBSA3EN C UMC-KoHGUrypaumen. Takom cnom npnob-
peTaeT BonbLUy0 TEKYYECTb U Xy>Ke MPOTUBOCTOUT
cxaTusiM-pacnpasneHusM B npouecce AblXaHus.
Kpome TOro, HeHacbIWEeHHbIE XUPHbIE KUCMOTbI
B Bonbluen cteneHn noaBepXXeHbl NepekncHoOMyY
OKMCreHuo B BoraTom KMCnopoaoM anbBeosisipHON
cpepe. OgHako HanuumMe HeHachblWeHHbIX opMm
Heobxoamnmo ansa nydwero pacnpegenennsa AMNeX
Mo NOBEPXHOCTM anbBeon [26].

BenkoBbIN KOMNOHEHT cypdakTaHTa npeacTas-
NEeH HecKonbKMMK Bugamm npotenHos. Havnbornee
XOpOLO U3y4eHbl YeTblpe cypdakTaHT-accounmn-
poBaHHbIX 6enka (SP — surfactant protein):
SP-A, SP-B, SP-C n SP-D [28]. [iBa n3 Hux, SP-B
n SP-C, asnatoTtca rugpodobHbIMM U ycunmeatoT
agcopbuuto U pacnpegerneHue nUNUMAoB Ha
nosepxHoctn anbBeon. SP-A n SP-D asnswTtca
rMapodUNbHLIMU 1 YHacTBYIOT B peanusauuu 3a-
LLMTHBIX UMMYHHbIX peakuui B Nerkmx.

CyptbaKkTaHT npoayumpyeTcs KneTkamm anbBeo-
NAPHOro aNuUTenua — nHeBMounTaMmu 2-ro Tuna.
B o6pazoBaHum nunnaHbix 1 6€nkoBbIX KOMMNOHEH-
TOB 3a[€MCTBOBaHbl rMaakas u rpaHynsapHasi aH-
gonnasmaTnyeckme cetun u Komnrekc Fonboxu
(puc. 14). Ha BbIxoge 13 komnnekca lMonemxkn n3s
CUMHTE3MPOBAHHbIX MOSIEKyN (hOPMUPYIOTCH MyIb-
TnBesnkynspHole tenouya (MBT) — 6onbliune
ny3blPbKW, OrpaHNnYeHHble MeMBpaHou 1 coaepxa-
Lne MHOoXecCTBO Meskux. lNMocteneHHo MBT cospe-
BalOT: Merkue nysblpbkn crnvsatTcd, X Membpa-
Hbl 06pa3yoT LMCTEPHbl, @ 3aTeM MNAOTHO Yynako-
BaHHble NnacTuHbl. PopMupyeTca HOBbLIN BUA
BKIIOYEHUI — OCMNOUIBbHBIE NNacTUHYaThle (na-
menndapHbele) Tenbua (OlNT). B nx coctaee npeob-
napgatoT membpaHsbl, cocTosiwme u3 gocdonunu-
[A0B, a Takke 0BHapyXnBalTCA NPaKTUYECKN BCe
6enkoBble KOMMOHEHTbI (kpome SP-A), 4To No3Bo-
ngeT cyuTaThb NnacTuHYyaTble Tenbla BHYTPUKIe-
TOYHbIM MYIIOM cypdakTaHTa U, BEpOSITHO, (POPMON
ero JenoHUpoBaHMA B NHeEBMoLUTax 2-ro tuna [27].

MNMocne cekpeumn nNnacTHYaTbiX Tenewy B anb-
BEOSAPHOE NMPOCTPAHCTBO UX XUAKOE COAEPXKUMOEe
dopmupyeT rmnogasy — Cnon XuWakocTu, Heno-
CpeaCcTBEHHO Npunexalluii K anbBeonsapHoMy anu-
Tenuio, B KOTOPOM pacnonaraTca membpaHbl
nnacturyaTbix Teneu. OHM TpaHchopMUpyOTCH
B 0COObIN yNOpPsiAOYEHHbIA TUM BHEKMETOYHOIO

aeno cypdaktaHta — TyOynapHbIA MUENUH
(cm. puc. 14). No mepe HeobxoaMMOCTU peseps-
HbI TYBYNAPHBLIA MUENUH NepexoauT U3 runoda-
3bl Ha rpaHnLy C BO3OYXOM U «pacKpyymBaeTca»
13 TyByribl B MOHOMOSEKYNSIPHbLIV cnow gocdornu-
nnaoB — anodasy Unn noBepxXHOCTHLIN cypdak-
TaHT. AndmneHas npupoga dpochonnnmaos obec-
neynBaeT UX pacrnosioXeHne B MOHOCMOEe nonsp-
HbIMW rofioBkamm K runodpase, a ruapodobHbIMU
«XBOCTaMMW» XUPHbIX KUCINOT — B CTOPOHY BO3YyLU-
HOro NpPOCTpaHCTBa anbBeOr.

B ambpuoreHese, korga Ha 22—24-i4 Hepensax
recrauunm nosgBNATCA MHEBMOLUTBLI 2-M0 TUMAa, OHK
yXe MMetloT Bce Heobxoaumble opraHennbl Ans
CVHTEe3a KOMNOHeHTOB cypdakTaHTa [29, 30]. Oc-
HOBHbIM CybCcTpaToM 4nsi cnHTe3a hochonunmaos
CMYXWUT TIIOKO3a, KOTopas 3anacaeTcs B KreTkax
B BuAe rnukoreHa. o mepe ymeHbLUeHns konuye-
CTBa [MMKOreHa B KneTkax yBernuMyuBaeTcs Konwu-
4YeCTBO MYNbLTUBE3UKYMSAPHbLIX, @ 3aTeM OCMMWO-
punNbHbIX NnacTuHyateix Teney. SP-B n SP-C
B BUAE npeaLlecTBeHHNKOB (npobernkoB) obHapy-
XMBaKTCA B Kybuyecknx knetkax yxe Ha 12—
15-1 Hegensax, 0ogHaKo UX MOSTHOLEHHbIN CUHTES,

9 WM Mpocser A
*2 /86 anbBeonbl aa

Puc. 14. Metabonusm cypdakraHTa [3]: la — cuHTes ¢oc-
donunuaos; |16 — cuHTe3 anonpoTenHos; || — cekpeuunsa
cypdakTtaHTa; |l — yTnnusaumsa cypdakranTa; 1 — cuHTes
npoaykToB B 3AlNC; 2 — cbopka B komnnekce [onboxu;
3 — dopmuposarmne npoctoro MBT; 4 — kombuHMpoBaH-
Hoe MBT; 5 — OIT; 6 — cekpeums OMNT; 7 — TyBynspHbIn
MUWenuH; 8 — NOBEPXHOCTHbIN cypdakTaHT (a —BO Bpems
BAoxa, 6 — BO Bpems Bblgoxa); 9 — M30bITOK CypdakTaHTa;
10 — mn36bITOYHbIE M AerpagnpoBaHHble docdonunuabl
B runodase; 11 — peyTunusaumsa cypdaktaHTa
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CO3peBaHMe N BKIKOYEHNE B COCTaB MfacTuH4Ya-
TbIX Tenew NPoUCXoanT TONbKO nocne 24-in Hepe-
nn. MNepBble NpU3HaKKM cekpeLmn nNnacTuHYaThbiX
Teney B NpocBeT BPOHXMON onpenensarTca Ha
25—26-11 Hegenax ambpuoreHesa. OgHako Takas
cekpeunsa HabnogaeTcsl TONbKO B KPanHUX Ouc-
TanbHbIX OTAenax BO34YXONPOBOAALMX MyTEN,
a obLee KoNMYeCcTBO NOBEPXHOCTHO-aKTUBHbIX Be-
LLIeCTB SIBHO HEJOCTaTOYHO Ans obecneveHms Hop-
ManbHON paboTbl pecnupaToOpHOro oTAena HoBoO-
POXOEHHOMO B Criyvae npexneBpeMEHHbIX POAOB
[29, 30].

B cakkynspHon ctagum (c 26-n Hegenu) npo-
NUCXOOUT MOCTENEHHOE YBENMYEHUE CUHTETUYEC-
KOM M CEKPEeTOPHON aKTUBHOCTU MHEBMOLUTOB
2-ro TMna, 0 YeM CBUAETENLCTBYET HapacTatoLLlee
KONMYecTBO TYyOynspHOro MmenuHa B NpocBeTe
pecnupaTopHbIX NyTeRN, a Takke yBennYeHue Ko-
nn4yecTBa KOMMNOHEHTOB cypdakTaHTa B aMHUOTK-
yeckom xuakoctu [31, 32].

Hanbonee BblpaxxeHHOE yCuUreHne cekpeuumn
Habntogaetca nocne 30-n Hegenu. B 310 Bpems
NPOMUCXOOAT HEe TOJIbKO KONMUYECTBEHHbIE, HO
N KayeCTBEHHbIE N3MEHEHUS cocTaBa ocdonu-
nuoos. [1o 28-n Hegenu B nerkux nnoaa CUHTe-
3upyeTcs rmaBHbIM obpaszom CM. B ganbHenwem
NOCTENEHHO yCUNMBaAETCHa CUHTE3 rMaBHOro
NOBEPXHOCTHO-aKTUBHOro Bewectsa — X,
n Kk 32-n Hepene oTHoweHne ®X : CM ctaHOBUT-
cs paBHbIM 1 : 1.

dopmnpoBaHme 3penoro cypgakrtaHTa npouc-
XoauT npumepHo nocne 34—35-i Hegenu 1 xapak-
TEpU3yeTcs Pe3kUM POCTOM YPOBHSA dhochaTnanin-
xonuHa (cooTHoweHne ®X : CM npeBbiwaeTt 2 : 1,
4YTO CBMOETENbCTBYET O LOCTATOYHON 3penocTu
nerkux nnoga) [33]. B atu xe cpokn (35-a Hegens)
B @aMHUOTMYECKOW XMUOKOCTU BNepBble 0OHapyXu-
BatoTcs bochaTuamnrnmuepon n SP-A — Hanbo-
rfiee no3gHue Mapkepbl 3penocTu cypdakTaHTa.
HanomHum, 4yTo ons obecnedyeHnss onTUManbHbIX
NOBEPXHOCTHO-aKTUBHbIX CBOWCTB HEOHX04MMO
Hanu4une goctaTtoyHoro konudectsa AMNdX n Bcex
MUHOPHbIX (ppakumii, CnoCOBCTBYOLLMX TydLLEMY
HOPMUPOBAHUID MOHOCNOS U pacnpeaeneHunto
OMN®X B anbBeonax.

Takum obpasom, npu3Hakm obpasoBaHus Cyp-
dakTaHTa B npeHaTanbHOM OHTOreHese obHapy-
XNBAKTCHA 3240110 A0 POXKAEHMUS, HO OTHOCUTENb-
HO MOSMHOUEHHbIM OH CTaHOBUTCA Mexay 29-i
n 32- HeJernsMu, a B NOSTHOM Mepe 3pesibiM MOX-
HO cuuTaTb cypdakTaHT nocne 36-n Hegenu
[29, 30].

doconmnugbl cypdakTaHTa B aMHUOTUYECKOM
XNOKOCTU CNOCOGHbLI akTUBUPOBATbL Makpodharu
B MOSIOCTU aMHMOHA. AKTUBUPOBAHHLIE KMETKM
MUIPUPYIOT Yepes nnaueHTapHbI 6apbep, npoay-
LMPYIOT HEKOTOPbLIE MMMYHHbIE Benkn, Hanpumep
WHTEPNEnKnH-1B8. ATOT NPOTEMH MOXET Bbi3BaTb
yBenuyeHve npoayKumnm MaTepuUHCKUX npocTarnax-
OVHOB, KOTOpble CTUMYNUPYIOT COKpalleHne maT-
kKn. Takum obpasom, co3peBaHue cypdakTaHTa
MOXeT CIYXXWUTb CTUMYIIOM K Ha4yany pogoBon fe-
ATENbHOCTMW.

OnuncaHHble M3MeHeHNsa cypdakTaHTHOW cuc-
TeMbl B 9MBpuroreHese nocnyXxunu oCcHOBOW AnS
pa3paboTKn KIMHUYECKUX TECTOB onpeaeneHns
3penocTtu nerknx nnoga. CootHoleHue pocdaTu-
ANNXONUH/CPUHIOMUENNH B aMHUOTUYECKOM XKna-
KOCTM ObIfIO NepBbIM U3 NPEeAIOKEHHbIX TECTOB
(1971), n cnycTa HECKONbKO OECATUNETUI KIUHK-
4YeCKOro NpMMEHeHNs AaHHbIN NokasaTenb no-npe-
XHemy npusHaetca Hanbonee HagexHblMm [34].
Mo3xe ObINM NPeanoXeHbl «NeHHbIM TecT» (CTa-
OUINBHOCTb NY3bIPLKOB MPU BCTPAXMBAHUN PaBHbIX
06bemMoB aMHMOTUYECKON Xnakoctn ¢ 95 % aTa-
HOMoM), onpegeneHne KoHUeHTpaLmmn nnacTuH4ya-
TbiX Teneuy, dpocdatngunramuepona, SP-A B am-
HNOTUYECKOM XUOKOCTU, COOTHOLLIEHUE cypdak-
TaHT/anbbymuH [34, 35]. HecmoTpsa Ha To 4TO BCe
3TW TeCTbl AEMOHCTPUPYIOT XOPOLUYI0 MHopMa-
TMBHOCTb, B HacTosLee BpeEMSA UX KIMHMYecKas
3Ha4yMMoCTb HeBenuka. B nepsyto oyepedb 37O
06yCcnoBneHo NHBa3MBHOCTLIO NpoLeaypbl aMHNO-
LUeHTes3a, a Takke AOCTaTO4YHO BbICOKOW CTEMNEHbI0
KoppenauuMn pucka neroyHonW naTonorunu
Y HOBOPOXAEHHbIX C reCTauMOHHbIM BO3PaCTOM.

BmecTe ¢ TeM Hemnb3s HE OTMETUTb, YTO Y He-
KOTOPbIX HEJOHOLIEHHbIX AeTeN, POXOEHHbIX JaXe
Ha paHHUX CTagusX CakKynsipHon ctagun (26—
28 Hepl), He pa3BMBaAETCHA CUHAPOM AbIXaTeSbHbIX
paccTpOWCTB, YTO CBUOETENLCTBYET O BbICOKOM
noTeHumane yHKUMOHaNsHOM 1 KOMNEHCATOPHOW
cnocobHOCTM nerkoro. HanpoTue, pecnnpaTopHbIN
ANCTPEeCcC-CUHAPOM C BblpaXXeHHbIM AeduuMTOM
cypdakTaHTa MOXeT UMEeTb MECTO U Y JOHOLIEH-
HOro HoBopoxaeHHoro. CriegyeT yunTblBaTb, YTO
NpoayKumsa cypdakraHTa HaxoguTcsa Nog KOHTPO-
nem MHOXecTBa (PakToOpOB U MOXET NUMUTUPO-
BaTbCs, HanpumMmep, geduumtom cybcTpaToB (rnto-
Ko3bl) 1 kucnopoga (rmnokcus). Mmnotupeos, aa-
peHanaktomusi, peHobapbutan TopMo3aT Gnoxu-
MUYyeckoe co3peBaHue cypdakTaHTa. M3BecTHO
Takke, YTO MOPKOMYHKLUNOHANbHOE Co3peBaHne
nerknx nNpoucxoauT paHblue y AeBoYek, Yem
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Yy Manb4yuMKOB, YTO CBA3bIBAOT C NOAABSAOLNM
AelCTBUEM TECTOCTEepPOHa N AUrMapoTecTocTepo-
Ha Ha co3peBaHue cucTeMbl cypdaktaHTa [36].

Mpoaykuno 1 cekpeunto cypakraHta cTumy-
NNPYIOT MEXaHNYEeCKME BO3OENCTBUS (pacTsKeHne
nerkmx), a Takke rroKOKOPTUKOCTEPOUAbI, TUPEO-
naHble TOPMOHbI, ageHo3nHTpudocdat, TGF-,
6eTa-aroHucTbl, LAM®, mykonuTukn (ambpokcorn)
[28]. Hanbonblwee pacnpocTpaHeHne nony4duna
npodunakTmka gblxaTenbHbIX PacCTPOUCTB Y HO-
BOPOXOEHHbIX 3@ CYET BBEAEHUS MMHOKOKOPTUKO-
cTeponaoB 6epeMeHHbIM C PUCKOM npexaespe-
MeHHbIX pofoB [37]. MonoxuTensHbI APdEKT rmto-
KOKOPTMKOCTEPONAOB OOYCIOBIIEH HE TOJIbKO
BNUAHNEM HA CUHTE3 N CEKPEeLMIO CypdIaKTaHTHbIX
dochonunuaos n 6enkos, HO U MNPAMbIM CTUMY-
NUPYOLWMM OENCTBMEM HA NPOLYKLUMUIO FNHOKO3bI
(obecneyeHune cybeTpaTom cnHTe3a chochaTnann-
XOmnWHa), CeKpeLnto TUPEOUAHbLIX TOPMOHOB, PEMO-
aenuposaHue TkaHen, anddepeHUUPOBKY KIeToK
anbBeonApHOro anuTenus, peabcopbumio xuako-
ctn 13 nerkmx nnoga [29, 30]. MNpu HepocTaToy-
HON 3P PEKTUBHOCTU NPOPMNAKTUYECKMX MEPO-
NPUSTUA HOBOPOXAEHHbIM NPOBOAAT 3aMeCcTu-
TenbHY Tepanuio npenapartaMmv cypdakraHTa.

[MepBbl BAOX HOBOPOXAEHHOIO NPOMCXOAUT
noA BNUAHMEM U3MEHEHMNS ra3oBOro coctaBa Kpo-
BW Mocre nepexaTtus NynoBuHbI (rMnepkanHus,
aunaos UM rmnoKcust) N peskoro ycuneHus notoka
adpepeHTHbIX NMMYNbCOB OT PELENTOPOB KOXMN
(xonoAaoBbIX, TAaKTUMbHbLIX), NPONPUOLIENTOPOB,
BeCTMOynopeLenTopoBs, MPOUCXOAALLMX B NpoLec-
Cce pOoAoB M cpasy nocne poxaeHus. Atn dakTo-
pbl CTUMYNMPYKOT aKTUBHOCTb HEMPOHOB AblXa-
TenbHOro ueHtpa. Kpome atoro, BHyTpuyTpOGHO
pasapaxeHne aMHNOTUYECKOM XUOKOCTLIO peLen-
TOPOB, PACMONOXEHHbIX B 0611aCTu HO3Apen, CUMb-
HO TOPMO3UT AbIXaHne («pedrieke HbIPAnbLLMKa»),
noaToMy ele OoAHUM (PakTopoM, cnocobCcTByio-
LLIUM BO3HUKHOBEHMIO MEPBOro BAOXa, SBNSETCS
yCTpaHEeHne UCTOYHUKOB TOPMOXEHUS AblXaTenb-
Horo ueHTpa [22, 38, 39].

HenpoHbl AbIxaTenbHOro LeHTpa gatT curHarn
K COKpaLleHuto anadparmbl U ApYrnx MblLL, BOO-
Xa, yBenuyeHno obbema rpygHon KneTkun, a 3Ha-
yuT, 1 nerkux. Bosgyx nonagaet B AbixaTerbHble
nytn. XoTs hetanbHas XUOKOCTb MOXET OKa3bl-
BaTb COMPOTMBIIEHME BAbIXaeMoOMy BO3[yXy, ee
pe3opbunsa NPoMCXOANT CPaBHUTENBHO ObICTPO:
npyv NPOXOXAEHUN nrofda yYepes noriosble NyTU
nerkne cgasnuBaloTCs, U 3HaYMTENbHasa 4yacTb
NEeroYyHom XMAKOCTM BbITEKaeT, Apyras YXO4uT Ye-

pe3 numdaTnyeckmne n KpOBEHOCHbIE COCYabl; pe-
30pOUMN NErOYHOM XUOKOCTU CnOCOBCTBYIOT Ka-
TEeX0NnaMuHbl, aKTUBHO CEKpeTUpyeMbl€ B MOMEHT
poxpgeHusa pebeHka [2, 3, 10, 15].

Bonee 3HauMTENbLHOE CONPOTUBIEHNE BAbIXae-
MOMY BO34yXYy OKa3blBaeT MOBEPXHOCTHOE HaTH-
XeHue B anbBeonax. Crnna noBepxHOCTHOro HaTs-
XXEHMSA B anbBeonax yMeHbLIaeTcsl CypdakTaHTOM.
Mpwn BOooxe ynnowarTcs NHeBMOUUTbI 1-ro Tvna,
WCTOHYAKTCSA MeXanbBeOosnspHbIE NEPEropoaKu,
dopMMpyeTCcs UCTUHHBIA asporeMmatmnyeckmin 6a-
pbeEP U HauYMHaeTCs ra3oobMeH, NPOUCXOANUT ak-
TMBHasA CeKkpeuus nnacTuHyaTbIX Tenewy u3 nHee-
MOLIMTOB 2-r0 TUNa, «packpyynsaHne» membpaH-
HbIX MNACTMH MO MOBEPXHOCTU anbBeOosbl, YTO
obecneyvnBaeT HecnageHne anbBeos yXe npu nep-
BOM Bblgoxe [2, 3, 22]. BmecTe ¢ TeM B CTeHKax
OPOHXMON M MeXanbBeOoNsPHbIX Neperopoakax
NIerkoro HOBOPOXAEHHOr0 Mario 3facTUYecKux
aneMeHToB. PacTsaXnmMocTb IEr0OYHOM TKaHW 1 Cho-
COBHOCTb BEPHYTHCHA B MCXOLHOE MOSIOXKEHNE OC-
TaeTCs CHUKEHHOW eLle fonroe Bpems. N3-3a ato-
ro pebeHoK BbIMOMHSET BOMbLUYIO MO CPABHEHMUIO
€O B3pochbiM paboTy ana obecneyeHnss BeHTUNS-
LMW NETKnX.

KoHTakTHasa nHdopmaums:

CrtyneHukuHa TaTbsHa MuxainoBHa — K. M. H., JOLEHT,

3aB. kachenpon rmcTonornu, LUTONOrMnm 1 amMGpuonorum.
Benopycckuini rocyfapcTBeHHbI MEOULUHCKUA YHUBEPCUTET.
Mp. O3epxuHckoro 83, 220116, r. MuHck.

Cn. ten.+375 17 272-64-65.
YyacTtue aBTOpOB:

KoHuenumsa v amsanH nccnefoBaHus:
C6op n obpabotka maTtepuana: T. M.
Hanucanue tekcra: T. M. C., U. JI. K.
Pepaktuposanue: T. M. C., U. JI. K.

. M. C.
L WL K

KoHnuKT MHTepecoB OTCYTCTBYET.

NMWTEPATYPA

1. BnuHosa C. A., Opunosg ®. C., Xamudosa ®@. M. Kne-
MOYHbIE U MOJEKYISIPHbIE MeXaHU3Mbl Pasgumusi MoPOKO8
neekux. leHbr & Knemku. 2021; XVI(1): 24—8.

2. Bonkosa O. B., lNekapckul M. N. OmbpuozeHes u 803-
pacmmHas eucmosioausi 8HYmMpeHHUX 0p2aH0o8 Yesloeeka.
Mockea: MeduyuHa; 1976. 415 c.

3. KnemouHas 6uonoeus neskux 8 Hopme U Mpu rnamo-
noeuu. lNod ped. B. B. EpoxuHa, J1. K. Poma+Hosol. Mocksa:
Meduuyura; 2000. 494 c.

4. Morrisey E. E., Cardoso W. V., Lane R. H. et al. Molecular
determinants of lung development. Ann. Am. Thorac. Soc.
2013; 10(2): 12—e6.

5. Mullassery D., Smith N. P. Lung development. Semin.
Pediatr. Surg. 2015; 24(4): 152—5.

6. Cardoso W. V., Lu J. Regulation of early lung
morphogenesis: questions, facts and controversies. Dev.
2006; 133(9): 1611—24.

7. Li C., Bellusci S., Borok Z. et al. Non-canonical WNT
signalling in the lung. J. Biochem. 2015; 158(5): 355—65.



3[PABOOXPAHEHWE. HEALTHCARE 12/2022

dyHOoameHTanbHas Hayka — KNMUMHUYECKOW MeauuuHe 79

8. Nabhan A. N., Brownfield D. G., Harbury P. B. et al.
Single-cell Wnt signaling niches maintain stemness of
alveolar type 2 cells. Science. 2018; 359: 1118—23.

9. Raslan A. A.; Yoon J. K. WNT Signaling in Lung Repair
and Regeneration. Mol. Cells. 2020; 43: 774—83.

10. Sadler T. W. Lagman’s medical embryology. 13" ed.
Wolters Klumer; 2015. 407 p.

11. Volpe M.-A.V., Pham L., Lessin M. et al. Expression of
Hoxb-5 during human lung development and in congenital
lung malformations. Birth Defects Res. A Clin. Mol. Teratol.
2003; 67(8): 550—6.

12. 'unbepm C. Bbuonozus pazsumus. Mockea: Mup;
1993; 3. 352 c.

13. Zepp J. A., Morrisey E. E. Cellular crosstalk in the
development and regeneration of the respiratory system. Nat.
Rev. Mol. Cell Biol. 2019; 20(9): 551—6.

14. Nikolic M. Z., Sun D., Rawlins E. L. Human lung
development: recent progress and new challenges. Dev.
2018; 145(16): 163485.

15. Moore K. L. The developing human. 10" ed. W. B.
Saunders Company; 2016. 462 p.

16. Ernst L. M., Ruchelli E. D., Huff D. S. Color Atlas of
Fetal and Neonatal Histology. Springer; 2011. 399 p.

17. Schittny J. C. Development of the lung. Cell Tissue
Res. 2017; 367(3): 427—44.

18. Jlobko I1. U., MNempoea P. M., Halka E. H. ®u3uoro-
euyeckass ampesusi: aMbpuozeHes, hyHKyUOHarbHasi aHa-
momusi. MuHck: benapyck; 1983. 254 c.

19. Fehrenbach, H. Alveolar epithelial type Il cell:
Defender of the alveolus revisited. Respir. Res. 2001; 2: 33—
46.

20. Mason R. J. Biology of alveolar type Il cells.
Respirology. 2006; 11: S12—S15.

21. Ruaro B., Salton F., Braga L. et al. The History and
Mystery of Alveolar Epithelial Type Il Cells: Focus on Their
Physiologic and Pathologic Role in Lung. Int. J. Mol. Sci.
2021; 22: 2566.

22. YenypHas M. M. OmbpuoceHe3 u aHmeHamarbHoe
passumue neekux. Mockea; 2016. 246 c.

23. Bayap P. CypchakmaHm e HeoHamornoauu. [Mpoghu-
naKkmuka U fie4eHue pecriupamopHo20 ducmpecc-CUHOpPo-
Ma HosopoxdeHHbIX. Mockea; 2011. 96 c.

24. Bernhard W. Lung surfactant: Function and
composition in the context of development and respiratory
physiology. Ann. Anat. 2016, 208: 146—50.

25. Dumpa V., Bhandari V. Surfactant, steroids and non-
invasive ventilation in the prevention of BPD. Semin.
Perinatol. 2018; 42(7): 444—52.

26. Veldhuizen R., Nag K., Orgeig S., Possmayer F. The
role of lipids in pulmonary surfactant. BBA Mol. Basis Dis.
1998; 1408(2—3): 90—108.

27. Chakraborty M., Kotecha S. Pulmonary surfactant in
newborn infants and children. Breathe. 2013; 9(6): 477—88.

28. Nkadi P, Merritt T. A., Pillers D.-A. M. O. An overview of
pulmonary surfactant in the neonate: genetics, metabolism,
and the role of surfactant in health and disease. Mol. Genet.
Metab. 2009; 97(2): 95—101.

29. Smith L. J., McKay K., van Asperen P, Fitzgerald D. A.
Normal development of the lung and premature birth.
Paediatr. Respir. Rev. 2010; 11(3): 135—42.

30. Smith L. J., McKay K. O., van Asperen P. P. et al. Normal
Development of the Lung and Premature Birth. Paed. Respir.
Rev. 2010; 11: 135—42.

31. Frerking I., Gbnther A., Seeger W., Pison, U.
Pulmonary surfactant: Functions, abnormalities and
therapeutic options. Intens. Care Med. 2001, 27: 1699—1717.

32. Rooney S. A. Regulation of surfactant secretion.
Comp. Biochem. Physiol. A Mol. Integr. Physiol. 2001; 129:
233—43.

33. St Clair C., Norwitz E. R., Woensdregt K. et al. The
probability of neonatal respiratory distress syndrome as a
function of gestational age and lecithin/sphingomyelin ratio.
Perinatol. 2008; 25(8): 473—80.

34. Besnard A. E., Wirjosoekarto S. A. M., Broeze K. A.
et.al. Lecithin/sphingomyelin ratio and lamellar body count
for fetal lung maturity: a meta-analysis. Eur. J. Obstetr.
Gynecol. Reprod. Biol. 2013; 169(2): 177—83.

35. Grenache D. G., Gronowski A. M. Fetal lung maturity.
Clin.Bioch. 2006; 39(1): 1—10.

36. Nielsen H. C. Testosterone regulation of sex differences
in fetal lung development. Proc. Soc. Exp. Biol. Med. 1992;
199(4): 446—52.

37. Spencer C., Neales K. Antenatal corticosteroids to
prevent neonatal respiratory distress syndrome. BMJ. 2000;
320(7231): 325—6.

38. Bush A. Lung Development and Aging. Ann. Am.
Thorac. Soc. 2016; 13(Suppl 5): S438—S446.

39. Morrisey E. E., Hogan B. L. M. Preparing for the first
breath: genetic and cellular mechanisms in lung
development. Dev. Cell. 2010; 18(1): 8—23.

REFERENCES

1. Blinova S. A., Oripov F. S., Hamidova F. M. Cell’s and
molecular mechanisms of the lung’s malformation
development. Geny & Kletki. 2021; XVI(1): 24—8. [(in
Russian)]

2. Volkova O. V., Pekarskij M. I. Embryogenesis and aging
morphology of the inner organs of human. Moscow: Meditsina;
1976. 415 s. [(in Russian)]

3. Cell biology of the normal and pathological lung. Pod
red. V. V. Erohina, L. K. Romanovoj. Moscow: Meditsina; 2000.
494 s. [(in Russian)]

4. Morrisey E. E., Cardoso W. V., Lane R. H. et al. Molecular
determinants of lung development. Ann. Am. Thorac. Soc.
2013; 10(2): 12—6.

5. Mullassery D., Smith N. P. Lung development. Semin.
Pediatr. Surg. 2015; 24(4): 152—5.

6. Cardoso W. V., Lu J. Regulation of early lung
morphogenesis: questions, facts and controversies. Dev.
2006; 133(9): 1611—24.

7. Li C., Bellusci S., Borok Z. et al. Non-canonical WNT
signalling in the lung. J. Biochem. 2015; 158(5): 355—65.

8. Nabhan A. N., Brownfield D. G., Harbury P. B. et al.
Single-cell Wnt signaling niches maintain stemness of
alveolar type 2 cells. Science. 2018; 359: 1118—23.

9. Raslan A. A.; Yoon J. K. WNT Signaling in Lung Repair
and Regeneration. Mol. Cells. 2020; 43: 774—383.

10. Sadler T. W. Lagman’s medical embryology. 13th ed.
Wolters Klumer; 2015. 407 p.

11. Volpe M.-A.V., Pham L., Lessin M. et al. Expression of
Hoxb-5 during human lung development and in congenital
lung malformations. Birth Defects Res. A Clin. Mol. Teratol.
2003; 67(8): 550—6.

12. Gilbert S. Biology of the development. Moscow: Mir;
1993; 3. 352 s. [(in Russian)]



3[PABOOXPAHEHWE. HEALTHCARE 12/2022

80

dJpr,ameHTaanaﬂ HayKa — KNMUHUYECKON MeauLmHe

13. Zepp J. A., Morrisey E. E. Cellular crosstalk in the
development and regeneration of the respiratory system. Nat.
Rev. Mol. Cell Biol. 2019; 20(9): 551—6.

14. Nikolic, M. Z., Sun D., Rawlins E. L. Human lung
development: recent progress and new challenges. Dev.
2018; 145(16): 163485.

15. Moore K. L. The developing human. 10" ed. W. B.
Saunders Company; 2016. 462 p.

16. Ernst L. M., Ruchelli E. D., Huff D. S. Color Atlas of
Fetal and Neonatal Histology. Springer; 2011. 399 p.

17. Schittny J. C. Development of the lung. Cell Tissue
Res. 2017; 367(3): 427—44.

18. Lobko P. I., Petrova R. M., Chajka E. N. Physiological
atresia: embryogenesis, functional anatomy. Minsk: Belarus;
1983. 254 s. [(in Russian)]

19. Fehrenbach, H. Alveolar epithelial type Il cell:
Defender of the alveolus revisited. Respir. Res. 2001; 2:
33—46.

20. Mason R. J. Biology of alveolar type Il cells.
Respirology. 2006; 11: S12—S15.

21. Ruaro B., Salton F., Braga L. et al. The History and
Mystery of Alveolar Epithelial Type Il Cells: Focus on Their
Physiologic and Pathologic Role in Lung. Int. J. Mol. Sci.
2021; 22: 2566.

22. Chepurnaja M. M. Embryogenesis and antenatal lung
development. Moscow; 2016. 246 s. [(in Russian)]

23. Vaujer R. Surfactant in neonatololgy. Prevention and
treatment of the neonatal distress-syndrome. Moscow; 2011.
96 s. [(in Russian)]

24. Bernhard W. Lung surfactant: Function and
composition in the context of development and respiratory
physiology. Ann. Anat. 2016, 208: 146—50.

25. Dumpa V., Bhandari V. Surfactant, steroids and non-
invasive ventilation in the prevention of BPD. Semin.
Perinatol. 2018; 42(7): 444—52.

26. Veldhuizen R., Nag K., Orgeig S., Possmayer F. The
role of lipids in pulmonary surfactant. BBA Mol. Basis Dis.
1998; 1408(2—3): 90—108.

27. Chakraborty M., Kotecha S. Pulmonary surfactant in
newborn infants and children. Breathe. 2013; 9(6): 477—88.

28. Nkadi P, Merritt T. A., Pillers D.-A. M. O. An overview of
pulmonary surfactant in the neonate: genetics, metabolism,
and the role of surfactant in health and disease. Mol. Genet.
Metab. 2009; 97(2): 95—101.

29. Smith L. J., McKay K., van Asperen P, Fitzgerald D. A.
Normal development of the lung and premature birth.
Paediatr. Respir. Rev. 2010; 11(3): 135—42.

30. Smith L. J., McKay K. O., van Asperen P. P. et al. Normal
Development of the Lung and Premature Birth. Paed. Respir.
Rev. 2010; 11: 135—42.

31. Frerking I., Gbnther A., Seeger W., Pison U. Pulmonary
surfactant: Functions, abnormalities and therapeutic options.
Intens. Care Med. 2001; 27: 1699—1717.

32. Rooney S. A. Regulation of surfactant secretion.
Comp. Biochem. Physiol. A Mol. Integr. Physiol. 2001; 129:
233—43.

33. St Clair C., Norwitz E. R., Woensdregt K. et al. The
probability of neonatal respiratory distress syndrome as
a function of gestational age and lecithin/sphingomyelin ratio.
Perinatol. 2008; 25(8): 473—80.

34. Besnard A. E., Wirjosoekarto S. A. M., Broeze K. A.
et.al. Lecithin/sphingomyelin ratio and lamellar body count
for fetal lung maturity: a meta-analysis. Eur. J. Obstetr.
Gynecol. Reprod. Biol. 2013; 169(2): 177—83.

35. Grenache D. G., Gronowski A. M. Fetal lung maturity.
Clin.Bioch. 2006; 39(1): 1—10.

36. Nielsen H. C. Testosterone regulation of sex differences
in fetal lung development. Proc. Soc. Exp. Biol. Med. 1992;
199(4): 446—52.

37. Spencer C., Neales K. Antenatal corticosteroids to
prevent neonatal respiratory distress syndrome. BMJ. 2000;
320(7231): 325—6.

38. Bush A. Lung Development and Aging. Ann. Am.
Thorac. Soc. 2016; 13(Suppl 5): S438—S446.

39. Morrisey E. E., Hogan B. L. M. Preparing for the first
breath: genetic and cellular mechanisms in lung
development. Dev. Cell. 2010; 18(1): 8—23.

Mocmynuna 26.02.2022.
lMpuHama k neyamu 28.10.2022.

Appec pepakuumu:
yn. ®abpuunyca, 28, komH. 402
220007, r. MuHck
TenedoHbl: +375 17 368-21-66, +375 17 368-21-48
E-mail: zdrav@tut.by
C nHdopmauueinn «K cBegeHnto aBTOPOB» MOXHO O3HAKOMUTbLCS
Ha caiTe www.zdrav.by
Pepakumsa He HeceT OTBETCTBEHHOCTU 3a cofepxaHue
peknamHbIX 06BbSABNEHWIA.
Mpu ucnonb3oBaHNM MaTepuanos XypHana ccbinka
Ha «3apaBooxpaHeHune» obssaTenbHa.
MoAanucHbIe MHAEKCHI:

Ansa opranmsauyun — 749122,

OnA MHAMBUAYanbHbIX NoanucyukoB — 74912

CBnaeTenbCTBO O rOCYAapCTBEHHON perncrpauuu cpeactsa MaccoBoi
nHpopmaumm Ne 562 ot 09.09.2016, BbigaHHOe MuHMCTEPCTBOM
nHdopmauun Pecnybnuku Benapycb

WHopmauus, peknama T. . BpoHckas
Bepctka H. ®. emxey
Pepaktopel: E. M. Bunbatok, C. K. Csupckas

[usaitt o6noxku Cepreit Capkucos

Mopnucaro B nevatb 01.12.2022. Tupax 924 ak3. 3akas
locynapctBeHHoe npeanpuatue «CtpoiiMeguallpoekT».
JIM Ne 02330/71 ot 23.01.2014.

Yn. Bepbl Xopyxen, 13/61, 220123, r. MuHck.



