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Pesrome

[TnazmabnacTsl IPeACTaBIAIOT COOOM MOMYJALMIO KOPOTKO >KUBYIIUX B-KIEToK,
KOTOpBI€ TOSBIISIOTCA B LUPKYJAIMU BCKOPE MOCJE BaKIMHAIIMK U B MpOIEcce
octpoii unekuu. [nazmadaactel 00pa3yroTcs U3 nokosumxcs B-numdouutos, ot
KOTOPBIX OHU OTJIMYAIOTCS CIIOCOOHOCTBIO CEKPETUPOBATH aHTUTEIA, UTO JIENAET X
NOXOKMUMHM Ha IJla3MaTUyeckue KiaeTkhu. OT NOoCHeIHUX OHU OTJIMYarOTCs
sKcrpeccuedt Ha cBoeit moBepxHocTH BCR penenTopa. Ilna3zmabmacTHeii OTBET
ABJISIETCS [OKA3aTeJIEeM YCHEIIHOCTH BaKIMHALMKM, a TakKXe I[IOMOraeT B
MIPOTHO3UPOBAHUU YPOBHSI AHTUTENl TOCJIE€ BBI3JIOPOBJICHUSA WM BaKIMHAIUU.
Opnako omnpeneneHue # Kiaccudukaius TU1a3MadlIacTOB  CTAJIKMBAGTCSA  C
OOJBIIMMHU SKCIIEPUMEHTALHBIMU M TEOPETUYECKUMH TpyaHOCTsAMHU. llenbro
paboOThI SIBISJIOCH OMPEICICHHE OCOOCHHOCTEHW TUIa3MalIaCTHOTO OTBETa MpHU
octpoit SARS-CoV-2 undeknun. B uiccienoBanne ObUTH BKIIFOUECHBI MATMEHTHI (N
= 28), xapakrepusoBapmmecs Tsokenon (opmoit COVID-19. 3abop kpoBu mis
UCCIIEIOBAHUSI TPOBOAWIM OAHOKpaTHO Ha 10-18-e cytkm ¢ MomeHTa
rOCIUTAIU3AUU. B-KJIETKU BBIACISIIA METOJIOM MMMYHOMAarHUTHOM ceraparuu.
Knetku ¢peHoTunupoBamu ¢ noMoIbio TpoTouHoi nuromerpun. Cekpenuto IgM u
IgG onpenensmu metonom ELISpot. CyOnomynsamuu B-kieTox BwlIensiu ¢
MIOMOIIbIO IPOTOYHOTO COPTUPOBIIHUKA.
VY nanuenToB ¢ COVID-19 no cpaBHEHUIO €O 310POBBIMHU JOHOPAMH HAOJIIOAATO0CH
MPUMEPHO YETHIPEXKPATHOE TMOBBIINICHHE YpPOBHA OOmmMX Iuia3mabnactoB. Eie
0oJiee BBIPAKEHHOE TMPEBBINICHUE HAJ OTPUIATEIHHBIM KOHTPOJIEM HaOII01aI0Ch
st RBD-cnenuduunbix mnaszmabnactoB. K atomy Bpemenn kommuectBo RBD-
cnenupuYHbIX B-KIIETOK MaMATH OCTaBaJIOCh HEBBICOKUM. JTO CBHUJIECTEIHCTBYET
TOM, 4T0 Ha paHHed craguu COVID-19 B-kneTku naMmsTH elie He YCHEBaoT
chOpMHPOBATHECA W TYMOPATLHBII UMMYHHUTET OOECIEeYUBAJICS HCKIIOUYUTEIHHO
iazmabnactamu. [1o cBoemMy cocraBy m1a3MaOiacThl Ha TPETh SIBISLINCH [gM™
kietkamu. JloJist miiazmalaacToB ¢ mOBepXHOCTHRIM IgG mouTu B 7 pa3 Oblia HUXKE.
Takoe pacnpeneneHne MexAy u3oTunamu B-knertounbsix peuentopoB BCR
COOTBETCTBOBAJIO NEPBUYHOMY XapakTepy MMMyHHoro otrBera npu COVID-19.
[IpumepHo TpeTh mIa3mabmacToB Heciaa antureH CDI138, mpu stom y 4-x
nareHToB goyst CD138" kierok Obuia Beiire 50%. Ciieayer OTMETUTD, YTO MapKep
CD138 xapakTepeH ajisi MO3HENH CTauU CO3pPEBaHUs IJ1a3MabIacTOB U KOTOPbIN
TaK)Xe BCTPEYaeTCs Ha murasMatndeckux kietkax. [lomymsius CD277CD38" 6blia
pazaenena mo skcmpeccun aHtureHa CD138. Meromom ELISpot Hamu ObLI0
MOKa3aHO, YTO 3HAYWTEIbHAS YacTh IUPKYJIUPYIOMIMX T1a3Ma0IacTOB SBIISIFOTCSA
AHTUTEIIOCEKPETUPYIOIIUMHE KJIeTKaMu. TakuMm o6pa3omM HaMu OBLIO MOKa3aHo, YTO
npu uHpexunn SARS-CoV-2 dpopmupyercs BhIpa)KeHHbIH M71a3Ma0IaCTHBIN OTBET.
Cpenu mUpKyJIUPYIOUIUX IJ1a3Ma0IacTOB MOKHO BBIJIENIUTh KaK paHHUE, Tak U
Oonee moO3AHWE TIUIA3Ma0JIaCThl, KOTOPBIC XapaKTEPHU3YIOTCSA OTCYTCTBHEM
noBepxHocTHOTO BCR, HO KOTOpBIE HECYT aHTUreH CD138. Onpenenenune Toro, Kak
ma3mMabsIacTbl COOTHOCATCS C JIPYTUMH B-KJIETOUYHBIMH TOMYJISIIIUSIMU HMEET
MEPBOCTEIICHHOE 3HAYEHHUE JJIs1 pPa3pad0TKU HOBBIX MeToA0B JieueHuss COVID-19 u
JUISL CO3/IaHUsI MIEPCIIEKTUBHBIX BakIMH poTuB SARS-CoV-2 undekiuu.
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Abstract

Plasmablasts are a population of short-lived B cells that appear in the circulation
shortly after vaccination and during acute infection. Plasmablasts are formed from
resting B lymphocytes, from which they differ in their ability to secrete antibodies,
making them similar to plasma cells. Plasmablasts are terminally differentiated cells
that can form at various nodes and branches of the B cell response. The plasmablast
response is an indicator of the success of vaccination and also helps in predicting
antibody levels after recovery or vaccination. However, the definition and
classification of plasmablasts faces great experimental and theoretical difficulties.
The aim of the work was to determine the characteristics of the plasmablast response
during acute SARS-CoV-2 infection. The study included patients (n = 28) with a
severe form of COVID-19. Blood sampling was carried out once on the 10-18th day
from the moment of hospitalization. B cells were isolated by immunomagnetic
separation. Cells were phenotyped using flow cytometry. Secretion of IgM and 1gG
was determined by ELISpot method. B cell subsets were isolated using a cell sorter.
Patients with COVID-19 had an approximately fourfold increase in total plasmablast
levels compared to healthy donors. An even more pronounced excess over the
negative control was observed for RBD-specific plasmablasts. In terms of their
composition, plasmablasts were one third IgM+ cells. This distribution between B-
cell BCR receptor isotypes was consistent with the primary nature of the immune
response in COVID-19. Approximately a third of plasmablasts carried the CD138
antigen. CD138 marker is characteristic of the late stage of plasmablast maturation
and is also found on plasma cells. The CD27+CD38+ population was divided
according to the expression of the CD138 antigen. Using the ELISpot method, we
have shown that a significant portion of circulating plasmablasts are antibody-
secreting cells.Among circulating plasmablasts, both early and late plasmablasts can
be distinguished, which are characterized by the absence of a surface BCR, but
which carry the CD138 antigen. Determining how plasmablasts relate to other B cell
populations is of paramount importance for the development of new treatments for
COVID-19 and for the creation of promising vaccines against SARS-CoV-2
infection.

Keywords: naive B cells, memory B cells, plasma cells, plasma blasts,
antibody secreting cells, SARS-CoV-2.
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1 Beenenue
[TnazmabnacTsl IPeACTaBIAIOT COOOM MOMYJALMIO KOPOTKO >KUBYIIUX B-KIEToK,
KOTOpPBIC TOSBISIOTCSA B LUPKYJAIMU BCKOPE IMOCJE BaKIMHAIIMK U B IPOIECCe
octpoii unpekuu. [nazmadaactel 00pa3yroTcs U3 nokosumxcs B-numdouurtos, ot
KOTOPBIX OHU OTJIMYAIOTCS CIIOCOOHOCTHIO CEKPETUPOBATH aHTUTEIIA, UTO JIENAET X
NOXOKUMHM Ha IJ1a3MaTU4yecKue KiIeTkH. OT TNOCHeIHUX OHU OTJIMYAKOTCS
MoBepXHOCTHON »skcnpeccuer BCR penentopa. B oTinune OT HaMBHBIX H
KOMMUTHUPOBAaHHBIX B-KJIETOK, a Takke IMIa3MaTHYeCKUX KIIETOK, IMa3MadiaacThl
criocoOHbI iponudepupoBath. [11azmabraacTsl MpeaCTaBISIOT COO0 TEPMUHAIBHO
mudepeHInpoBaHHbBIE KJIETKH, KOTOPhIE MOTYT OOpa30BBIBATHCS B PA3TMUHBIX
TOYKax M BETBIX B-kierounoro oreera [9]. B wactHOCTH, Ta3mMalbiiacTel MOTYT
TEHEPUPOBATHCS Kak Mpu (POJUTUKYJISIPHOM, TaK U JKCTPaAdOJUIMKYISPHOM MYTH
aktuBauuu [10]. Ilna3zmabnacTHBI OTBET SBISETCA IOKAa3aTeleM YCIEIIHOCTH
BaKI[MHAIIMU, a TaKXe MOMOTraeT B IMPOTHO3UPOBAHWUU YPOBHS aHTUTEN MOCIE
BBI3JIOPOBJICHUS WIM BakuuHauu [2]. OnHako ompeaesieHUE U Kiaccudukaius
n1a3mMabliacTOB  CTaJKHUBAeTCd € OOJBIIMMU ~ OKCIEPUMEHTAIBHBIMU U
teopetudeckumu TpyaHoctsmu [8]. Ilpu octpoit wundexuus SARS-CoV-2
3a4acTylo HaOJroaeTcss 00pa3oBaHUe OOJBIIOTO KOJIMYECTBA Mia3mMadiiacToB [2],
takuM obpazom COVID-19 moxeT sBAATHCS yI0OHBIM OOBEKTOM JJIsl M3YUYEHUS
1a3MabIacTHOTO OTBETA.
2 MaTepuaJjbl 1 MeTOAbI
B uccnenoBanue ObuTH BKITIOYEHBI MAIIMEHTHI (N = 28), MOTy4YaBIIUe CTAlMOHAPHOE
neuenne B ®HKI[ ®MBA Poccun. Becem mamueHTaM OBLUI ITOCTaBJICH AUArHO3
COVID-19 na ocroBanuu nannbix I11[P-ananu3a. Ha MoMeHT oOcienoBaHus Bce
NAlUEeHThl HAXOAWINCh B PEAHUMAIIMOHHOM OTJIEJICHUM U XapaKTepU30BaJIUCH
Tsoxenoit  gopmoii  COVID-19. Kinmnuyeckoe uccieIoBaHUE BBIMIOJHEHO B
COOTBETCTBMM € XEJIbCHHCKOM Jeknapanuerd BcemMupHOW  MEIWIMHCKOU
accouManuMu "DJTUYECKHE TMPUHUHUINBI TPOBEICHUS HAYYHBIX MEIUIUHCKHUX
UCCJIeIOBaHUM ¢ yyacTueM yenoBeka'. Bce manueHTsl noanucanu 100pOBOJIBHOE
UH(QOPMUPOBAHHOE COrJJacM€ Ha Yy4yacTue B uccieaoBaHuu. [IpoTtokon
UCCeI0OBaHUs ObLT paccMOTpeH U 0j100peH DtuueckuM komutetoM OI'BY «['HI]
Nuctutyt ummyHosnoruny ®MBA Poccun (potokos Ne 12-1, 29 nexabps 2020 1.).
[TaimeHThI OBLTK B BO3pacTe oT 19 10 65 et (Mmeauana — 45 ner), u3 HUX 15 My>XK4uH
(53,6%) u 13 xenmmH (46,4%). B rpymnmy cpaBHeHUST OBLIM BKIFOUCHBI
COOTHOCHUMBIE TIO BO3pAcCTy 3/I0poBbie JTOHOPH (n = 12). 3abop KpoBH s
WCCJICIOBaHMUSI TPOBOAWIM OfHOKpaTHO Ha 10-18-¢ cytkm ¢ MomeHTa
FOCIUTAIU3ALNY.
Jnsa okpammBanus nuM@oruToB ucnoibzoBamu anturera CDI19-FITC, CD27-
PECy5.5, CD38-PECy7, CD138-APC, antu-1gG-FITC, antu-IgM-FITC, a taxxe
oenmok RBD-PE. ®ayopecueHuuto KIE€TOK PErUCTPUPOBAIM C  MOMOILIBIO
nporounoro 1muromerpa CytoFLEX S (Beckman Coulter, CIIIA). Kierku
coptupoBaiii Ha MpoToyHoM copTuposirke SHZ00S (Sony Biotechnology, CIITA).
ELISpot npoBoaniii Kak onucano pasee [1].
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DKCneprUMEHTAIbHBIC JaHHBICE 00padaThIBAIM C MCIOJB30BAaHUEM IIPOTPAMMBI
GraphPad Prism. 3HauyuMoOCTh pa3inyuil MeXay BbIOOpDKaMHU OLEHUBAIU C
IIOMOILBIO KpuTepuss MaHHa—YUTHU U KPUTEPUSA Y WIKOKCOHA.
Paznuuns cpaBHUBAaEMbIX MapaMETPOB CUMUTAIN CTATUCTUYECKU 3HAUMMBIMU MPU P
<0,05. OkcniepuMeHTaNbHBIE TaHHbIC HA TpadUKax MPEICTABISIN B BUJIE MEIUAHBI
(cTONOBI) U MEXKKBAPTHIIBHOTO pazMaxa (25-i u 75-i MpOLEHTHIN; YChI).
3 Pe3yabTaThl HccJIeI0OBAHUH U 00CYy:KIeHHe Pe3yibTaTOB
OAHUM U3 CaMbIX PaHHUX MPOSIBICHUI B-KJI€TOYHOr0 OTBETA SIBJISIETCS MOSBJICHUE
MUPKYJIUPYIONUX TOTATHHBIX U aHTUTCHCHEMPUIeCKUux 1iazmadnactoB [4]. Mbl
ornpeaensiy miazmMadaacTel kak CD19" kieTku ¢ BRICOKOH SKCITpeccreil aHTUTEHOB
CD27 u CD38. Y 310pOBBIX JOHOPOB PETHCTPUPOBAIIOCH HEOOJIBIIIOE KOJIUISCTBO
nma3mabnactoB (Meauana 1,42%, mexkBapTuiabHbd pazmax oT 0,58 no 1,97%).
DTOT ypOBEHb IUIa3MabIaCTOB MOXKET OOBSCHATCS (HOHOBOUM akTHBaIuend B-
AUMQPOLUTOB HEONpPEAETCHHBIM KpyroM aHTUreHoB. Y mamuentoB ¢ COVID-19
Ha0II0/1aJI0Ch MPUMEPHO YEThIPEXKpPATHOE MOBBIIICHNWE YPOBHS I1a3MalacTOB
(meauana 4,03; MeXKBapTUIIBbHBIN pa3max oT 2,91 1o 6,99%; p <0,0001) (puc. 1A).
Eme Oosiee BbIpaX€HHOE TMPEBBINICHUE HAJ OTPUILIATEIBHBIM  KOHTPOJIEM
Habmoganock aina  RBD-cnenmuduunpix  mmazmabnactoB  (mMemuana  8,03;
MEXKBapTUIbHBIN pazmax oT 3,81 mo 17,38%) (puc. 1B). Ilpu stom nonst RBD-
cnenuduuHbIX IMM(OLIUTOB cpeau B-kietok namsitu Haxoauiack Ha ypoBHe 0,48%
(MexxkBapTHIIBHBIN pasmax oT 0,15 1o 0,97%), 4T0 HEMHOTO TIPEBHIIIAN0 0A30BHIN
YPOBEHb Y 3710pOBbIX TOHOPOB (0,2%). DTO CBUIAETEIBCTBYET TOM, UYTO K MOMEHTY
3abopa kpoBu (10-18 muu) anTHreHcnenuduueckue B-KIIETKM MamsaTH elie He
chopMHUPOBATUCH U TIIa3Ma0IACThl MPEJCTABISUIN €UHCTBEHHBIN TUIl B-KIETOK,
KOTOpbIE O0EeCreYnBaI ryMOPaJbHbI HUMMYHHTET y TAIlMEHTOB B OCTpoil (pasze
SARS-CoV-2 undexknuu. [To cBoemy cocTaBy mia3mMabdaacTsl B OCHOBHOM SIBIISUTHCH
IgM™ knerkamu (Menamana 35,55; MeXKBapTHIIBHBIN pazMax oT 13,68 mo 45,08%).
Joust ia3mabnacToB ¢ MOBEepXHOCTHBIM IgG Oblia 3HAUUTENBHO HUXKE (MeauaHa
5,37; MeXKBapTWIbHbIA pa3zMax oT 3,33 nmo 13,28%; p <0,0001). Takoe
pacrpeneneHue Mex 1y n3otunamu B-kirerounsix penentopoB BCR cooTBercTByeT
NMEepBUYHOMY XapakTepy uMMyHHoro otBera npu COVID-19. O6pamiaer Ha cebs
BHUMaHue, 4To cymma nojeir IgM* u IgG* kierok paBHsioch npumepHo 40%.
OrpaHryeHUEM HAIIeTO MCCIEI0BAHMS SBIISIIOCH TO, YTO Mbl HE YUUTHIBAIIU JIOJIIO
IgA™ KJIETOK, OJJHAKO Ja)Ke C YYEeTOM ITHX KIETOK CyMMapHas jaoyis Ig" kieTok
oynet 3ametHo HUke 100%. MbI ipeamnonaraem, 4To B MOMYJISIIMHU M71a3Ma0IaCcTOB
NPUCYTCTBYIOT Kak Oosiee pannue (slg’), Tak u 6osee nozauue (slg’) knerku. s
TOTO 4YTOOBI OIICHUTH JONI0 OOJiee MO3AHHMX I1a3MaliIacTOB MbI ONPECITHIN
koinuuectBo CD138" kieTok. JIeHCTBUTEIBHO JOBOJIBHO 3HAYUTEIbHAS YaCTh
ma3mabiactoB (meauana 27,40; MexkBapTUIbHBIN pasmax oT 19,78 mo 53,13%;
puc. 1I") Hecna 3TOT MapKep MO3IHEH CTaIuK CO3PEBAHUS MIa3Ma0IaCTOB, KOTOPHIN
OoJiee xapakTepeH s MIa3MaTUYeCKUX KJIeToK. [Ipu aTom cienyer OTMETUTh, UTO
y 4-x narentoB oyt CD138" kiterok Obuia Beimie 40%. Cpenau B-kieTok namsitu
noist CD138" kierok He mpeBblana 5%, 4TO0 COOTBETCTBOBAJIO MOPOTY JETEKIUH
3TOro nmapamerpa. Takum oOpa3oM BIOJHE BEPOSITHO, UTO CPEAU LIUPKYIUPYIOIINX
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1a3MabIacTOB 3aMETHYIO JIOJII0 COCTABIISIOT MO3JIHUE IUIa3MabiacThl, KOTOPHIC
XapaKTepU3yIOTCs OTCYyTCTBUEM NoBepxHOCTHOr0O BCR, HO KOTOpBIE HECYT aHTUTE€H
CD138. B nHeckonpkux ciydasx monyssius CD27°CD38" Obuia paszeneHa Imo
skcnpeccun antureHa CDI138. Ha puc. 2A npeacTtaBieHbl penpe3eHTaTUBHbBIC
ELISpot nanHble, KOTOPBIE MOKA3bIBAIOT KJIETKH, CEKpPETUPYIOIIME aHTuTena IgM
(cnesa) win IgG (cmpasa) B nonysstnusx CD138" u CD138 mrasmabaactos. Cyas
10 MOJYYEHHBIM JTaHHBIM, 3aMETHAsI J1OJIsl KaK CPEAN paHHUX, TaK U 0oJsiee MO3IHUX
1a3Ma01acTOB SBJSUIUCH AHTUTEIOCEKPETUPYIOIIUMHU KIETKaAMHU.
[TnazmabnacTsl sBIAIOTCS nomyssinuen B-numdonuros, koTopas coderaer B cebe
GyHKIMOHATBHBIE AKTUBHOCTH, XapakKTEPHBIC IJISi OMIO3UTHBIX NOmyJsiuid B-
aumboruToB. B cuimy 3Toro o0cTosTeNnbCcTBa KiacCuUKaIus mia3MadiacToB H UX
NO3UIIMOHUPOBaHWE B 0OMmIEH cxeme B-KIeToyHOro oTBETa CTaIKHUBAETCA CO
3HAUYUTEJIbHBIMU TPYAHOCTSIMU. PacnpocTpaHEHHBIM MHEHUEM SBIISIETCA TO, YTO
1a3MabaacThl MPEJCTABIAIOT COO0M TepMUHAIBHO AU PepeHTupOBaHHbIE KIETKA
Y, YTO OHM HE MPEBpaIalOTCs HU B B-KJIeTKU MaMsITH, HU TJ1a3MaTUYECKUE KIETKU
[6]. OnHako B HEKOTOPBIX CIyyasx, HapuMep, NpU HHPEKIHH MaTSPUIUHOTO
1a3MoAusi, ObUIO IMOKa3aHO, YTO IJ1a3mMabdyiacThl MOTYT OOpa3oBbIBaThCAd U3 B-
KJIETOK NTaMsATH [ 7] uiau ObITh IPEAIIeCTBEHHUKAMU TJ1a3MaTUYECKUX KIIETOK [5].
B Hacrosmeit pabore nokazano, uyto nmpu SARS-CoV-2 unbekiuu, nporekaromei
B TshKkenol (Qopme, pa3BUBAETCS BBIPAXKEHHBIM IJ1a3MaOJaCTHBIM  OTBET.
[upkynupyromue mia3MadIacTbl XapaKTepU3yIOTCs IKCIIPECCUEN TOBEPXHOCTHBIX
[gM u IgG u cexpenueit cooTBeTCTBYIOMMX anTUTeN. Cpeu miazmMad1acToB MOKHO
BBIJICNIUTH KaK PaHHUE, TaK U 00Jiee MO3IHUE MOy JISIIHH.
[MnazmabnacTel, B-KkieTKM TepMHHATHBHBIX IIEHTPOB, B-KJeTKM TaMsATH U
MJIa3MaTUYECKUE KJIETKH MPEJICTABIISIIOT COOOM pa3ivyHble BETBU U CTaguu B-
KJIETOYHOTO  uMMyHHUTeTa. OrmpegeneHue TOro, Kak d3TH  [OMYJSIUU
B3aMMOJCHCTBYIOT MEXAy CO0OW, HMEEeT TMEepPBOCTENEHHOE 3HAuYeHue s
pazpabdotku MmetooB Jgedenus COVID-19 u nys co3nanust nepCcrneKTUBHBIX BaKIIUH
npotuB SARS-CoV-2 undexnuu.
biarogapHoctu

Pabota BbeimonHeHa mnpu (uHaHcoBoM mopanuepxke Poccuiickoro HaydyHOTO
donma (rpant Ne 23-25-00486).
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PUCYHKH

Pucynok 1. [lokazarenu miazMa0biacTHOrO OTBETAa y MALMEHTOB CTPAJAOIIUX
COVID-19.
Figure 1. Indicators of plasmablast response in patients with COVID-19.
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Ipumeuanune: A — Jlons obmux rmrazmadiaactoB (CD27°CD38%) B momynsuuun
CD19" xnetok (cupasa). J{1s1 cpaBHEHUS MPUBEACHBI JAHHBIC M3 TPYIIIbI 3I0POBBIX
noHopoB (cneBa). b — goms RBD-cnemududecknx B-KiIeTOK B MOMyJISIIHSIX
mazmabnactoB (cieBa) u B-kimetox mamsatu (cmpaBa). [lyHkTupHO# nuHUEH
o0o3HaueH 0a30BbIi YpPOBEHb Yy 370POBBIX JOHOPOB. B — 10 KIETOK,
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sKcIpeccupyronmx noBepxHocTHeil IgM (cnea) wiu IgG (cnpasa), B momyiasinquu
ia3madaacToB. I' — qonss CD138" kieTok B MOMyJIsAIUsIX M1a3Mad1acToB (CiieBa) U
B-kierok namsitu (cnpasa). Lludpamu ykazanel Meauanbl % MO3UTHUBHBIX KIIETOK.
*** _p<0,001, **** - p <0, 0001.
Note: A — Proportion of total plasmablasts (CD27°CD38") in the population of
CD19" cells. For comparison, data from a group of healthy donors are presented. B
— proportion of RBD-specific B cells in the populations of plasmablasts (left) and
memory B cells (right). The dotted line indicates the baseline level in healthy donors.
C — proportion of cells expressing surface IgM (left) or IgG (right) in the plasmablast
population. D — proportion of CD138" cells in the populations of plasmablasts (left)
and memory B cells (right). The numbers indicate the median % of positive cells.
*** _p<0.001, **** —p < 0.0001.
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Pucynok 2. PenpesenratuBubiii  ELISpot, mnoxa3piBalomuii  KJIETKH,
cekperupytomume anturena IgM (cnesa) wim IgG (cnpara), B momyssinusax CD138*
(BepxHuii psa) u CD138" (HwxHUE pan) 11a3Madi1acToB.

Figure 2. Representative ELISpot showing cells secreting IgM (left) or 1gG
antibodies (right) in the CD138+ (top row) and CD138- (bottom row) plasmablast
populations.

A (A)
igM IgG
131/1000 (13.1%) 107/300 (35.7%)
o . .
711000 (7.1%) 188/1000 (18.8%)

Ipumeuanune: Lludpsl, ykazaHHble HaJ JyHKaMH, YKa3bIBalOT KOJUYECTBO
MNOJIOKUTCIIBHBIX KJICTOK, 06H16€ KOJIMYCCTBO KIICTOK B JIYHKC MW TIIPOLCHT
IIOJOKUTCIIbHBIX KIIETOK.

Note: The numbers above the wells indicate the number of positive cells, the total
number of cells in the well, and the percentage of positive cells.
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