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BBEJIEHHUE

AKTyaJIbHOCTb TEMbI HCCJICA0BAHUA

Bricokas ckopocTh riao0ajgbHOTO pPacHpOCTPaHEHUS HOBBIX W BO3BPAIAIOIIMXCS
BUPYCHBIX MAaTOT€HOB TPeOyeT HANWYMS MPOBEPEHHBIX IKCIEPUMEHTAIBHBIX MOJENEH U
MOATOTOBICHHON WHMPACTPYKTYphl Uil MPOBEACHUS HUCCIENOBaHUU 3(PPEKTUBHOCTU U
0€30MacHOCTH HOBBIX MPOMUIAKTUYECKUX U TEPANEBTUYECKUX MPOTUBOBHPYCHBIX
MpenapaToB B KpaT4YalllIne CPOKH.

B 6oprbe ¢ manmemmueit koponasupycHorr uapexnuu 2019 roga (COVID-19; 2020—
2023 rr.) BmepBble OBUTM HIMPOKO MPUMEHEHBI T€HETUYECKHWE W BEKTOPHBIC BaKIIMHBI,
MPOJIEMOHCTPUPOBABIINE BBICOKYIO  CIENU(PHUUECKYI0 HMMYHOT€HHOCTh, a TakKke
BO3MOXHOCTh OBICTPOrO HAN@XUBAaHUA MAacIITa0HOTO TpPou3BOACTBA. [lOCKOIBKY
KOPOHAaBHPYC TSKEJIOro ocTporo pecrnupatopHoro cunapoma 2 (SARS-CoV-2)
MPEUMYIIECTBEHHO IPOHUKAET B OPTaHU3M Yepe3 SMUTEITUN BEPXHHUX JbIXaTEIbHBIX MyTEH,
Take ObuT paspabortan psia BakuuH npotuB COVID-19 ¢ mHTpaHa3aIbHBIM BBEICHUEM,
HAIEJICHHBIX HA WHIYKIMI0O MECTHOTO MYKO3aJIbHOTO MMMYHHUTETa BO BXOJHBIX BOPOTaX
nHpeKImm.

BaxxHeWmuM OTIMYMEM T€HETHYECKUX U BEKTOPHBIX BAKIMH OT BAKIMH HA OCHOBE
WHAKTUBUPOBAHHBIX BUPYCOB M PEKOMOMHAHTHBIX OEJKOB SIBISIETCS CHHTE3 BaKIIMHHBIX
AHTUTEHOB B KJIETKaX BaKIMHUPYEMbIX JIMI, 4YTO oOOecleyuBaeT aJeKBATHbHIE
MOCTTPAHCISIIUOHHBIE MOAU(PUKAIIMA CUHTE3UPYEMBIX O€JIKOB, a TAKXKE UX MPE3CHTAILINIO B
KOHTEKCTE MOJIEKYJ TIaBHOTO Komruiekca rucrocoBmectumoctu (MHC) xak II, tak u 1
Kiacca. O1o obecneunBaeT 3(PQGEKTHUBHYIO aKTHUBAIMIO KaK TyMOpajibHOro, Tak u T-
KJIETOYHOTO aJIallTUBHOTO UIMMYHHOT'O OTBETa, B TO BpEeMsI KaK aHTUTEHBI, JJOCTaBIICHHLIE B
dbopme pekoMOMHAHTHOTO Oenka, OOBIYHO MHAYLIHMPYIOT MPEUMYIIECTBEHHO aHTHUTEIbHbIN
orBeT. Takum o00pa3oMm, HUCCIENOBaHUA CHEIU(PUIECKON AKTMBHOCTH BAKIIMH HOBOTO
MOKOJICHUSI Ha JOKJIMHUYECKOM JTame TpeOyIOT HaJu4Msl XOPOILIO OXapaKTEPU30BAaHHBIX
1a0b0paTOpPHBIX MOJENEeH [isl aJeKBaTHOW OILICHKHM YPOBHS aKTHBAllMU BCEX 3BEHBHEB
MOCTBAaKIIMHAIBHOTO AJaNTUBHOTO HMMYHHUTETAa, BKIIOYas JIOKAJbHBIM MYKO3aJIbHBIMH,

CHUCTEMHBIN T'yMOPaIbHbIA U T-KIE€TOYHBI UIMMYHHBINA OTBET.



Jns BUPYCHBIX WMHQEKIIMOHHBIX 3a00JICBAaHWN, TOPAKAIOMINX JIOJACH, MPUMATHI
SBJISIIOTCSI HanOoJjiee aJeKBaTHOM MOJIETBIO, MO3BOJISIIONIECH BOCIPOM3BOIUTH BCE ITAIlb
pa3BuTHA WHOEKIINA, BKIIOYAs MyTh 3apakKeHUs, MECTa PEIMPOIYKIIMH BHpPyCa, a TaKKe
0COOCHHOCTH pa3BUTHs 3a001eBaHMs U (HOPMUPOBAHUS BCEX 3BEHHEB HMMYHHOTO OTBeTa. B
HacTosAIee BpeMs JabOpaTOpPHOE MOJACIMPOBAHNE BHUPYCHBIX HWH(EKIUH, a TakKe
3aBEpPIIAOIIAE  ATalbl  JOKIMHUYECKUX  WCCICIOBAHUM  TEPANEBTUYECKUX U
MPOPUIAKTHICCKUX MPOTUBOBUPYCHBIX MPENAapaToB B OCHOBHOM MPOBOASTCS Ha KPYITHBIX
MpUMaTax: 3€JEHbIX MapThIIIKaX, Makakax-pedycax u T. A. [lo mpuymHEe MX KPYyHHOIO
pasMepa 1 3TOJOTHUECKUX OCOOCHHOCTEH, JUTUTEIHHOE COACPKaHNE KPYITHBIX MPUMATOB B
nmabopaTopusx, 000pyITOBAHHBIX JJIs paOOTHI C MATOTEHAMH, CBSI3aHO C KpailHE BBICOKUMU
3aTpatamu. Kpome TOro, mpumarbl, COAEpKaIIUMecss B OTKPBITBIX MUTOMHHKAX, MEpe.
WCIIOIb30BaHUEM B JIAOOpaTOpUU TPEOYIOT JITUTEIIFHON aKKIMMaTH3aIlui U 00CIIeTI0BaHUS,
MCKITFOYAIOIIETO HAIMYME COMYTCTBYIOMNUX 3a00JICBAaHUM, CITOCOOHBIX OKAa3bIBATh BIIMSTHUE
HA JOCTOBEPHOCTh MOJIYYaE€MbIX PE3YJIbTATOB.

Takum o0pa3oM, pa3paboTka HOBBIX IKCIEPUMEHTAIBHBIX MOJCIECH I W3yYCHHS
MaToreHe3a BUPYCHBIX WH(EKIHA, a TaKkKe HMCCICIOBAHHS CIEU(UISCKON aKTUBHOCTHU
MPOTUBOBUPYCHBIX BAaKUWH C TMPUMEHECHUEM BHUJOB MPUMATOB, MMOAXOIAMINX IS
JUTUTEIFHOTO COACPKaHUS B JIAOOPATOPHBIX YCIOBHSIX, MPEICTABISIET COOON aKTyaabHYIO

Ocib.

Crenennb paSPaﬁoTaHHOCTI/I TEMbI HCCJICAOBAaHHUA

Oo6siknoBennsie urpynku (OU, Callithrix jacchus) — Bun npumaroB HoBoro Caera,
00Jaaromuii BHICOKUM TMOTEHLMAJIOM MPUMEHEHUS B JOKIMHUYECKUX HCCIIEIOBAHUIX
cnenupruYecKol aKTUBHOCTH U 0€30MacHOCTU BaKIMH U JAPYTUX UMMYHOOMOJIOTUYECKHUX
npenapaToB 0Jaroaps aHAaTOMUIECKON M (PU3NOIOTHYECKOM OJIM30CTH K YEIOBEKY, a TAKKE
ManmeiM - pasmepam  (350—400 1), TO3BOJISIOMIMM TIOCTOSHHO COAEPXKaTh OOJIBIIIOE
KOJMYECTBO JKMBOTHBIX B KOHTPOJUPYEMBIX Ja00OpaTopHBIX ycioBusix. I[lpu sTOoM
JKCIIepUMEHTanbHass pabota ¢ OUW TexHHMYECKHM 3HAYUTENIIBHO MEHEEe CIIOXKHA, U,
COOTBETCTBEHHO, MIPE/ICTABIIAECT MEHBIIIYIO OMACHOCTH JJIA JIA0OPATOPHOTO MEPCOHAIIA, YEM

paboTa ¢ KpymHBIMU ITpUMaTaMHu.



Bmecte ¢ TteM, mig mupokoro npuMmeHeHus OW B AOKIMHUYECKHX HCCIEAOBAHUAX
MPOTUBOBUPYCHBIX BAaKIMH TpeOyeTcs OIEHKAa HMX BOCIPUUMYUBOCTH K BO30YAUTENSM
COOTBETCTBYIOIIMX 3a00J€BaHUN, ONTUMM3AIUS YCIOBUN JIUTEIHHOTO COACPKAHUSA U
pa3BeeHus B IaOOPATOPHBIX YCIOBUAX, pa3paboTKa METOIUK WHCTPYMEHTAIBHON OIICHKU
COCTOSIHUSA 37I0POBBS B X0JI€ IKCIIEPUMEHTA, a TaKXKe pa3padoTKa METOAUK OIICHKUA YPOBHS
aKTHUBALMK CHEU(DUUECKOTO JIOKATBHOTO MYKO3aJIbHOT'0, CACTEMHOTO TYMOpPaJIbHOTO U T-
KJIETOYHOTO aJalTUBHOTO UMMYHHUTETa, (HOPMUPYEMOTO B XOJI€ BUPYCHBIX MHPEKLIUN U B
pe3ynbTate NPUMEHEHHS NPOPUIAKTHUECKHMX M TEePareBTHUYECKUX MPOTUBOBUPYCHBIX

npenapaTos.

eab padoTsl

Pa3paborarh ® OXapaKTepH30BaTh JKCICPUMEHTAIBHYIO MOJEIb JUIA OICHKH
cnenupUYecKOl aKTUBHOCTH TNPOTHBOBUPYCHBIX BaKIMH Ha OCHOBE IPHMATOB BHJIA
obObikHOBeHHas urpyHka (Callithrix jacchus), poaAUBIIAXCS M MOCTOSHHO COJICPKAITUXCS B

1a00paTOPHBIX YCIOBUSX.

3agaum

1. VYcranoButh pedepeHcHbIC 3HaYCHUSI OCHOBHBIX T€MATOJOTUYECKUX U OMOXUMUYECKHUX
MoKasarenell KpOBH JaOOPAaTOPHBIX OOBIKHOBEHHBIX HWIPYHOK, OILIEHUBAEMbBIX MpHU
IIPOBEICHUH JOKJIIMHUYECKUX UCCIIEIOBAaHNN POTUBOBUPYCHBIX BAKI[MH.

2. IlpoBecTH THCTOJIOTHYECKYIO XapaKTEPUCTUKY JUM(OUTHBIX OPraHOB JaOOPaTOPHBIX
OOBIKHOBEHHBIX UTPYHOK B HOPME, a TakKXKe B X07e (POPMUPOBAHHMS TOCTBAKIITHAIBHOTO
MMMYHHOI'O OTBETA.

3. PazpaboraTh METOIWKH KOMIUIEKCHOW OIICHKU CHEHU(UYECKOr0 MOCTBAKIIMHAIBLHOTO
JOKAIBHOTO MYKO3aJIbBHOTO, CHCTEMHOT'O TyMOPAJIBHOIO U T-KJIIETOYHOr0 aIanTUBHOTO
UMMYHHOTO OTBETa Y OOBIKHOBEHHBIX UTPYHOK.

4. UWccnemoBaTh  mapameTpbl  CHEU(UYECKONM  aKTUBHOCTH W 0€30MacHOCTU
WHAKTUBUPOBAHHOW LIETbHOBUPUOHHON KOPOHaBUPYCHOM BakuuHbl KoBuBak, a Taxxe
WHTPAHA3ATbHOW M BHYTPUMBIIICUHON (HOPMBI aICHOBUPYCHON BEKTOPHOM BaKIIMHBI

npotuB COVID-19 CnytHuk V Ha 1a00paTOpHBIX OOBIKHOBEHHBIX UTPYHKAX.
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HccnenoBath 10Ir0CpOYHOE CO3PEBAHNE HMMYHHUTETA, CPOPMUPOBAHHOTO B PE3YJIHTATE
BHYTPHUMBIIICYHOT'O WJIM MHTPAHA3AJIBHOTO BBEJCHUS J1AOOPATOPHBIM OOBIKHOBEHHBIM
UTPYHKaM aJICHOBUPYCHOM BEKTOpHOU BakUUHbI TpoTUB COVID-19.

OneHuTh BOCOPUUMUYUBOCTh OOBIKHOBEHHBIX UTPYHOK K 3apaKEHUIO BUPYCOM T'elaTUTa
E renorunos 1 u 3.

[IpoBecTr OLIEHKY NMPOTEKTUBHOM AKTUBHOCTH KAHJMJATHOTO BAKLIMHHOTO Ipernapara
Ha OCHOBE PEKOMOMHAHTHOTO KaNCUAHOTO OejKa Bupyca renatuta E B akciepuMenTe ¢

3apaX€HUEM JIa0OPAaTOPHBIX OOBIKHOBEHHBIX UTPYHOK BUPYyCcOM remnatuta E.

Hayunasi HoBu3Ha padoThI

BriepBeie B dkcriepuMmenTte Ha abopaTtopHbix OU NpOTSHKEHHOCTBIO Oojiee IBYX JIET
OMMCAHO  JIOJITOCPOYHOE  co3peBaHMe  ap@UHHOCTH U  KpPOCC-BapHaHTHOU
BUPYCHEUTpaIU3yIOIIed aKTUBHOCTH CHENU(UISCKUX TOCTBAKIIMHAIBHBIX aHTHUTEI,
WHIYIUPOBAHHBIX B pe3yJbTaTe BHYTPUMBIIICYHOTO BBEACHHUS aJICHOBUPYCHOMN

BEKTOpHOU BakuMHbI mpotuB COVID-19.

BrniepBrie mpoBeneHa OlLIEHKa BIUSHUSA IyTH BBEACHHUS aJCHOBHUPYCHOM BEKTOPHOM
BakiuHbl npotuB COVID-19 Ha »sddextuBHOCTS co3peBanus adPuHHOCTH

cnenupUYECKUX MOCTBAKIIMHAIBHBIX aHTUTEN y TabopaTopubix OU.

BriepBrie B sKcliepuMEHTE € ACTEKIMEH PEIUIMKATHBHOW (OPMBI BUPYCHOTO T'€HOMa
MPOBEICHO HCCIIEAOBAHKUE JIOKAIM3ALMU PEIUIMKAMA I€HOMa Bupyca remaruta E B

opranuzme OU.
Bnepseie npoBeneHa oueHka BocnpuuMunBocTd O k reHotumy 3 Bupyca renarura E.

Bnepeeie ¢ ucnonp3oBannem nadopatopHeix OW mpoBemeHa olleHKa MPOTEKTHBHOM
AKTMBHOCTH KaHJIUJATHOTO BaKIIMHHOIO IIpernapara nNpoTUB BUPYCHOTO renartuta E npu

AKCHEPUMEHTAIBLHOM 3apaKeHUU BUPYcOoM remnaruta E renotumnos 1 u 3.

BnepBbie ¢ HCHOAB30BAHMEM MPOTOYHOM HUTODIYOPUMETPUM TIPOBEICH aHAIU3
BO3PACTHBIX HW3MEHEHHH CyOMOMyJsSIMOHHOTO COCTaBa U CTEMEHU CO3pPEBaHUs

aum¢oruToB nepudepuyeckoit kposu OU.
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TeopeaneCKaﬂ H IPpaKTHY€CKasA 3SHAYUMOCTD paﬁoTbl

PesynbraTel paboTsl pacupsOT MPeACTaBICHUS O (PU3UOJIOTUH UMMYHHOM cuctembl O,
B YaCTHOCTH O 3aKOHOMEPHOCTSX (POPMHPOBAHHS JIOKAJHHOTO MYKO3aJbHOTO, CHCTEMHOTO
TYMOPAIbHOTO M T-KJIETOYHOrO NPOTHBOBHPYCHOTO HMMMYHHUTETa, a TaKkKe JOIMOJHSIOT
MPEICTABICHUS O JTOJTOCPOYHOM CO3PEBAHMHU MOCTBAKIMHAIBHOTO AJalTUBHOTO HMMMYHHOTO
orBeta y mnpumartoB. Kpome TOro, B Xxozme paboOThl pemieH psJ NPaKTUYECKHX 3a/1ady:
CTaHAAPTU30BAHbI YCIOBUS JJIMTEIIBHOTO COACPKAHUS U MOHUTOPHHIA COCTOSIHUS 3J0POBbS
OU B mabopaTOpHBIX YCIOBUSIX;, YCTAaHOBIICHBI CpeaHUi Bo3pacT camok OW Ha MOMEHT
MEPBBIX POJIOB, CPEIHHI HWHTEPBAI MEXAY POJAMH, BBDKMBAEMOCTb JCTEHBINIEH U
MHUHHMMAaJbHBII BO3PAacT BKIIOUYECHHUS >KMBOTHBIX B JKCIIEPUMEHTBI, YTO B COBOKYITHOCTHU
MO3BOJIAET MTPOBOAUTH JTOJITOCPOYHOE TUIAHUPOBAHUE TMHAMUKHN HAPACTAHMS YHCIECHHOCTU
kojonun O B 3aBUCHMOCTH OT SKCIIEPUMEHTAJIBHBIX 33]1a4; YCTaHOBJIEHBI pedepeHCHbIC
3HAUEHUSA OCHOBHBIX T'€MATOJIOTMYECKHMX M OMOXMMHUYECKHMX TOKa3aTelel KpoBU
nabopatopueix OW, oneHuBaeMbIX NpU MPOBEACHUH JOKIMHUYECKUX HCCIEI0BAHUN
MPOTUBOBUPYCHBIX BAKIIMH; MPOBEICHA TMCTOJIOTHYECKasl XapaKTepUCTUKA JTUM(OUTHBIX
opranoB OU B HOpMe U B X0€ HOpMUPOBAHUS TOCTHH(PEKIIMOHHOTO U TOCTBAKIIMHATILHOTO
MMMYHHOTO OTBETa, IMOKa3aBIllas BBICOKUI ypOBEHb CXOACTBA MMMYHHOU cuctembl OU ¢
YeJIOBEYECKOM; MOA00paH KJIOH aHTHUTEN I AeTekiuu [gA B Onomarepuane, moy4eHHOM
or OU, a Takke KIOHBI (PIIyOPECUEHTHO MEUEHHBIX AaHTHUTEN, HEOOXOIUMBIX s
muddepenmmanun cyonomyasmuii tuMdorutoB OU 1 onieHKH ypOBHS UX CO3PEBaHUS U
aKTHUBAllMM;,  pa3pa0OTaHbl  METOJUKH  KOMIUIEKCHOW  OLIEHKH  CHEHU(PUIECKOTO
MOCTBAKIWHAIIBHOTO JIOKAIBHOTO MYKO3aJIbHOTO, CHUCTEMHOr0 TyMOpaiabHOro u T-
KJIIETOYHOTO MMMYHHOro otBeta y OWM, a Takke METOJIMKM OIEHKH HNPOTEKTUBHOU
AKTUBHOCTHM KaHIHMJATHBIX BaKLMH MPOTUB BUpycHOro renatura E Ha mogenu OU.

Takum oOpa3om, B XoJe MNPOBEACHHBIX pabOT OblIa MpoBeACHA pa3padoTKa U
KOMIIJIEKCHAs XapaKTEPUCTUKA YJOOHON M TOCTYMHOMN J1a0OpaTOpHON MPUMATHOW MOJAEIH

AJI N3yUCHHA CHCL[H(l)PI‘I@CKOfI AKTHUBHOCTHU IIPOTHUBOBHUPYCHLIX BAKIIWH.

MeToa0J10TrMs1 1 METOABI HCCJIEOBAHUS

I[HCCGpTaI_[I/IOHHOG HCCIICAOBAHUC INIAHUPOBAJIOCH COIJIACHO aHAJIM3y JIMTCPATYPHBIX

JaHHBIX, TOCTABJICHHON LIETU U cPopMyIUpoBaHHBIM 3agadaM. OOBEKTOM HCCIIEIOBAHUS
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CIy)XKuiii J1abopaTopHbIe TpuMaThl BHuaa oObikHOBeHHass urpyHka (Callithrix jacchus),
UCIIOJIb3yeMble ISl 1a0OpaTOpHOTO MOJETUPOBAHMS BUPYCHBIX HMHQEKIHHA U B
JOKJIMHUYECKUX UCCIEIOBAHUAX CIEIHU(PUISCKON aKTUBHOCTH MPOTUBOBUPYCHBIX BAKIIMH.
brina mpoBeieHa MHOTOIUTAHOBASI XapaKTEPUCTUKA PEICBAHTHBIX OMOJIOTMYECKUX CBONCTB
OWU, Briroyasi XapakTEPUCTUKY UX HMMYHHOUH CHCTEMBI, ITOCJIE YETO MOJYyYECHHBIE JaHHBIE
OBLIIN KCIIONB30BAHBI B XOJI€ MPOBEACHUS JTOKIMHUYECKUX MCCIENOBAHUN CHEU(PUIECKON
aKTUBHOCTH M  0€30MacHOCTH TpeX KaHAUWJATHBIX TMPOTHUBOBUPYCHBIX  BaKIIMH:
WHAKTUBHUPOBAHHOM W aJICHOBUPYCHOM BeKTOpHOM BakuuH npotuB COVID-19 wu
PEKOMOMHAHTHOTO KaHAMIATHOTO BaKIIMHHOTO MperapaTa MpoTUB BUPYCHOTO remaruta E.
[To Tumy mocTpoeHus U IU3aiiHy IPOBEICHHbIE UCCIEAOBAHUS CrIen(PUUECKO aKTUBHOCTH
1 0e30MacHOCTH KaHIUIATHBIX BAKIMHHBIX MPENapaToB OTHOCWIMCH K MPOCHEKTUBHBIM
panaoMu3upoBaHHbIM. OO0II1ast MPOAOTKUTEIBHOCTh OMKUCHIBAEMBIX pabOT cocTaBuia Ooiee
10 ner.

B xone paboT ObUIM MCTIOIB30BaHbI KIMHUYECKUE METOJIbI (TEPMOMETPHS, U3MEPEHUE
Macchl Teja, IeMaTOJOTWYECKUH W OWOXMMHYECKHI aHamu3 KpPOBH, OIEHKAa OOIIEro
COCTOSIHUSA 3/I0POBbSI )KMBOTHBIX, MOy4eHHE OoMaTepHraia u T.J.), METOJIbl HMMYHOJIOTHUHU
(MMMYHO(EpPMEHTHBIN aHAIKU3, MPOTOYHAS LUTOMETpPHUS, TUMPONpPoIu(epaTuBHBIA TECT),
BHUPYCOJIOTUYECKHE METONAbl (BBIJCICHHE BHUpyca U3 OHOJIOTMYECKOro MaTrepHala,
aMIUTH(UKALNS YIACTKOB BUPYCHOT'O T€HOMA C MIOMOIIBIO MOJIMMEPA3HON LETTHON peaKkuu
(ITLIP), otteHKa TUTpPA BUPYCHEUTPAIUIYIOIIUX AaHTUTEN B CHIBOPOTKE KPOBU KUBOTHBIX Ha
KyJbTYpE KJIETOK H T.JI.), METOJbI MOJICKYJIAPHOI OMONIOTHU (MOJIEKYJIIPHOE KIIOHUPOBAHUE,
MOJIyYeHHE W OYUCTKA PEKOMOMHAHTHOTO O€lika, TEHOMHOE CEKBEHHPOBAHUE) U
CTaTUCTUYECKUI aHAJU3 TaHHbIX.

[IpoToKONBI BCEX HCCIEAOBAHMM C MPUMEHEHHEM J1a0OpPATOPHBIX >KUBOTHBIX OBbLIN
onoobpensl OtuueckuM komuterom GI'AHY «OHIMWPUIT um. M.II. Uymakoa PAH»

(MHCTUTYT MONMOMUEITHTA).
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OcHoBHBIE MMOJIO’KCHHUSI, BBIHOCMMBIC HA 3allIUTY

Pa3pabGoTtanHass u oxapakTepu3OBaHHas HSKCIEPUMEHTAIbHASI MOJEIb Ha OCHOBE
OOBIKHOBEHHBIX UTPYHOK, POJIMBIIUXCS U TIOCTOSIHHO COJAEPKAIINXCSA B TA0OPATOPHBIX
YCJIOBUSX, TTO3BOJISIET MPOBOJAUTh KOMIUIEKCHYIO OLIEHKY CIenU()PUIecKOl aKTUBHOCTH
KaHJIUJATHBIX IPOTUBOBUPYCHBIX BaKIIKH.

C ucnonb3oBaHuEM pa3pabOTaHHON MOJIENH HA OCHOBE JIA0OPATOPHBIX OOBIKHOBEHHBIX
UTPYHOK TOJIYYeHBI MOATBEPKIACHUS O€30MacHOCTH M CHEIU(PUYECKON aKTHUBHOCTU
(uHOYKIUS crenu@UUecKnX BUPYCHEUTPAIM3YIOMIMX AHTHUTEN) WHAKTUBHPOBAHHOU
LEJbHOBUPUOHHOM KOpoHaBUpyCcHOM BakuuHbl npotuB COVID-19 KoBuBak.

C ucnonb3oBaHuEM pa3pabOTaHHON MOJIETH HA OCHOBE JIA0OPATOPHBIX OOBIKHOBEHHBIX
UTPYHOK TOJIYYCHBI MOATBEPKACHUS O€30MacHOCTH M CHEIU(PUYECKON aKTUBHOCTU
(uanykuus cnenupuueckux 1gG, BUPYCHENTPANU3YIOMIUX aHTUTEN, CHEHU(UIECKOTrO
T-K1€TOYHOrO M JOKaIbHOTO MYKO3QJIBHOIO MMMYHHOTO OTBETA) MHTpaHa3aJIbHOU U
BHYTPUMBIIICYHONU (HOPMBI aJICHOBUPYCHOI BEKTOpHOU BakiuHbl nmpoTuB COVID-19
CnytHuk V.

Kak nHTpaHa3anpHOE, TaK U BHYTPUMBIIIEYHOE BBEJICHHUE aJICHOBUPYCHOW BEKTOPHOMN
BakiuHbl potuB COVID-19 CnyTHuk-V nmpuBOAUT K BBIPAOOTKE Y OOBIKHOBEHHBIX
UTPYHOK CIEeNU()UUECKUX MOCTBAKIIMHAIBHBIX aHTUTEI U MOCIEAYIONIEMY CO3PEBAHUIO
ux apduaHocTU. [lpu 3TOM BHYTPUMBIIIEUHOE BBEJACHUE BAKIMHBI MPUBOAHUT K
HENPEPHIBHOMY ITOBBIIICHUIO aBUTHOCTH U KPOCC-BAPUAHTHOM BUPYCHEUTPAIU3YIOIIEH
AKTUBHOCTH TOCTBAKI[MHAIBHBIX AHTUTE]I B OTHOLICHWU BO3HHUKAIOIIUX BapHUAHTOB
SARS-CoV-2 B TeueHnue Oosee AByX JeET.

OOBIKHOBEHHBIC MTPYHKH TPEICTABISIOT COOOW aIeKBAaTHYIO JTA0OPATOPHYIO MOJIETh
JUISL OLICHKM TPOTEKTUBHON AKTHBHOCTH KaHIUAATHBIX BaKIUH IMPOTUB BUPYCHOTO
renatuta E. OObIKHOBEHHBIE WUTPYHKM BOCHPHHMYMBBI K reHotunam 1 u 3 Bupyca
renatuta E, mpu 3TOM penpoayKUHs BUPyca HPOUCXOAUT B IEUEHH W BBI3bIBACT
MOBBIIICHWE YPOBHS OMOXMMHMYECKHX MapKEpOB MOPAXKEHHUS IMEYEHHU, a B (PeKamusx
KUBOTHBIX BbIsiBIsieTcs: BupycHas PHK. Ha monenu oObIKHOBEHHBIX UTPYHOK MTOKa3aHa
NPOTEKTUBHAs AKTHUBHOCTh KAHAWJATHOIO BAKIMHHOTIO IIpenapaTta Ha OCHOBE
PEeKOMOMHAHTHOTO (hparMeHTa KaIllCHIHOTO Oeika BUpyca remaruta E B OTHOIIEHWUH

TOMOJOIH4YHOT'O U I'€TCPOJIOTrHYIHOr0 reHOTHUIIOB BHUPYCa.
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JInuHoe YaacTue aBToOpa B OJdYYCHUH PE3YyJIbTaTOB

ABTOpPOM JIMYHO MPOBEAECHBI: AHAIN3 JINTEPATYPHBIX UCTOYHUKOB, TOCTAHOBKA LIEJIH U
3a1a4, IUIAHUPOBAHHWE, IOATOTOBKA IPOTOKOJIOB 3KCIEPUMEHTOB, MAaHMMIYJSALMH C
7a00paTOPHBIMH  KUBOTHBIMU, SKCIEPUMEHTAIBHOE 3apaXCHUE IKUBOTHBIX, COOp U
oOpaboTka Owomarepuana, OKCIEpUMEHTaldbHass pabotra in Vitro (BBIOEIECHUE U
KyJbTUBUPOBAHUE CYOMOMyJSIUN KIETOK KPOBHU >KMBOTHBIX), MOJyYeHHE M 00pabOTKa
JaHHBIX WHCTpYMEHTadbHBIX uccienoBanuii (I[P, mpoTtounas uuromeTrpus u T. 1.),
CTaTUCTUYECKUN aHalM3 JaHHBIX, MOJArOTOBKAa OTYETOB W IOJArOTOBKAa MATEPHAIOB K
nyonukanuu. BerepuHapHOoe 00CTy)XMBaHHE W YXOJ 3a JIaOOpAaTOPHBIMU TMpPUMATaMU
OCYUIIECTBIISUIUCH COTPYAHUKAMH Ja0OpPaTOPUU MOJETUPOBAHHS MMMYHOOMOIOTUYECKHUX
MPOLIECCOB C DKCMEPUMEHTAIBHON KIIMHUKOW UTPYHKOBBIX 00e3bsiH PT'AHY « OHIMPUII
uM. MLII. YymakoBa PAH» (MucTUTYT monuomMuenuTa) mojx pykoBOACTBOM aBTopa. TekcT
JUCCepPTAllU HAMKCaH aBTOPOM JINYHO.

VYhnoMsiHyTelE B TEKCT€  JUCCEPTAllMM  THCTOJIOTMYECKHE  HMCCIEAOBaHUS,
UMMYHO(QEPMEHTHBIA aHaiuu3, KyjibTUBUpoBaHHe KkiIeTok OW wu omenka ypoBHSA
BUpycHelTpanu3zytomux antutea kK SARS-CoV-2 nposegenst corpyanukamu OI'AHY
«OHIMPUIT um. MLII. YymakoBa PAH» (Mucturyt nonnomuenura) u ®I'bY «HUIIOM
uM. H.®. T'amanen» MunszapaBa Poccuu B COOTBETCTBUU C TJIaHaMH, pa3paOOTaHHBIMU
aBTOPOM, YTO OTACJIBHO YKa3aHO B KaXXJ0Ml TJlaBe B pa3lieliax, OIMNKMCHIBAIOIINX

COOTBCTCTBYIOIINUEC MCTObI.

BHenpeHne PE3yJabTaTOB UCCJICI0OBAHUA

Onucannas B gucceprauuu mojenab OU, poauBIIMXCS U OCTOSHHO COJEPKABIINUXCS B
1a00paTOPHBIX YCIOBUSIX, @ TakKKe pa3padOTaHHBIE METOAMKHU OICHKH CIEHu(UIecKoro
MOCTBAKIMHAJIIBHOIO aJalTUBHOTO MMMYHHOI'O OTBETa aKTMBHO HCHOJIb30Bajach B XOJI€
TOKJIMHUYECKUX HucchenoBannii BakuuH npoTuB COVID-19, paspaborannsix B Poccun,
BKJIIOYAsI MCCIIEIOBAHUS 0€30MaCHOCTH M CHEM(PUIECKON aKTUBHOCTH WHAKTUBUPOBAHHON
B-mpornnonakTOHOM LeTbHOBUPHOHHOM BakiuHbl KoBuBak, paspaborannoit B ®I'AHY
«OHOUPUIT wum. M.II. YymakoBa PAH» (MHcTHUTYyT mnonuomuenura), a Takxke

aZICHOBUPYCHOM BekTOpHOU BakmuHbl CriyTHUK V, paspadoranHoii B PI'BY «HULOM um.
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H.®. Tamanem» MunsgpaBa Poccun. IlomyueHHesle paHHBIE BOLIIM B COCTaB
PETUCTPAIMOHHBIX JOChE U B COBOKYIMHOCTH C IaHHBIMU, MOJIYYCHHBIMU HA JTA0OPATOPHBIX
TPbI3yHAaX M KPOJIMKAX, MO3BOJWIM OOOCHOBaTH BO3MOXHOCTH mepexoma k I-II daze
KIIMHUYECKUX UCCIIEIOBAHUN YIIOMSHYTHIX BaKI[UH.

Matepuanbsl nuccepTalii HCHOIB3YIOTCS MPU MPOBEICHUU JIEKIUH U MPAKTHUYECKUX
3aHaTHE ¢ oOywatrouumucs Ha Kadenpe opranmszanuu ¥ TEXHOJOTUH TMPOM3BOJCTBA
MMMYHOOHMOJIOTHYECKUX  MpemnapaTtoB MHCTUTyTa TpaHCIALMOHHON MEAWIMHBI U
ounorexnonorun ®I'AOY BO Ilepsoiit MIMVY um. U.M. CeuenoBa Munzapasa Poccun
(CeueHoBCcKU YHUBEPCUTET) B paMKax TpexX KypcoB: «OCHOBBI pabOThI ¢ 1aOOpaTOPHBIMU
KUBOTHBIMIUY», « MeTOIbI OLIEHKH 3(PPEKTUBHOCTU U 0€30MaCHOCTH UMMYHOOHOIOTUYECKHIX
npenapatoB» #u «OCHOBBI pa3pabOTKM M MPOU3BOACTBA HMMYHOOMOJIOTHYECKHUX

JCKAPCTBCHHBLIX IIPCIIapaTOB.

Crenennb HOCTOBEPHOCTH A anpoﬁam/m IMOJIYYCHHBIX PE€3yJbTaTOB

JlocToBEpHOCTH MOMYUYEHHBIX PE3YyJIbTaTOB 00YCIOBIIEHA TIIATEIbHBIM IJIAHUPOBAHHUEM,
aJCKBaTHON XapaKTEPUCTUKOM IKMBOTHBIX IE€pEJ BKIOYEHHEM B OSKCIEPUMEHTHI,
paHIOMU3AIMEN, HCIOIb30BAHUEM TOYHBIX METOJUK OLEHKH YPOBHS HCCIETYyEMBIX
MapaMeTpoB, HAIMYUEM AJIC€KBATHBIX KOHTPOJBHBIX TPYNI W NMPUMEHEHUEM aJI€KBATHBIX
METOJ0B CTaTUCTUYECKOr0 aHAIU3A.

Pe3ynpTaThl HCCEIOBAHUH 110 TEME AUCCEPTALIUU TOT0KEHBI aBTOPOM M 00CYKICHBI HA
POCCHMCKUX M MEXKIYHAPOAHBIX HAYYHO-NIPAKTUYECKUX KOH(MEPEHIUAX, BKIIIOYAs:
CEeKLIMOHHBIN ycTHBIN noknan «llpumenenue maboparopusix npumaroB Buna Callithrix
jacchus B onieHKe crienupUIecKor akTUBHOCTH OMOTpEnapaToB Ha JOKIMHUYECKOM dTarie»
Ha XI IlerepOyprckom MexIyHApOJAHOM OHKojorudeckoMm (opyme «bempie HOunm 2025,
npomeamem B 2025 r. B r. Cankrt-IlerepOypre, Poccusi; ceKImoHHBIA YCTHBIN JTOKIana
«IIpumenenne npumatoB Buma Callithrix jacchus pns uccnegoBaHUS JOATOCPOYHOTO
CO3pEBaHMs NOCTBAKIIMHAJIBHOIO MMMYHHOI'O OTBETa» Ha MeEXQyHapOAHOM Hay4yHOU
koH(pepenun GLP-PLANET VI, npomenmeit B 2025 r. B 1. Cankrt-IlerepOypre, Poccus;
CEKLIMOHHBIN yCTHBIN NOKIaj «Pa3paboTka KaHAMIATHOTO BAaKIIMHHOTO MperapaTa MpoTHUB
BUPYCHOTO rematuta E C KpOCC-TEHOTMIIMYECKOM IPOTEKTUBHOCTHIO» Ha XIV

BCEPOCCHICKON HAyYHO-MPAKTHUYECKOW KOH(PEPEHIMH C MEXAYHAPOIHBIM YyYacTUEM
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«BupycHble renaTuThl — JOCTHKEHUSI U HOBBIE MEPCHEKTUBBDY, Mpoienmeid B 2024 r. B
r. MockBe, Poccusi; cekunoHHbIM ycTHBIM noknajn «Kak chenate HOBYK BakiuHy. OT
byHIaMEHTAIbHON HJIeM K Tpemnapary» Ha cekuuu «['eHeTmka u HaHOOMOTEXHOJOTHN
66-i1 Bcepoccuiickoit Hayunoit koHpepeHumu MOTU, npomemmeir B 2024 1. B
r. JlonronpynnoMm, Poccus; muenapusiii yetHeiit qokiaa «Maturation of antibody affinity
and cross-variant neutralization 2,5 years after intranasal or intramuscular immunization of
nonhuman primates with vector-based COVID-19 vaccine Sputnik V» Ha MexmyHapoaHOU
koH(pepenuu Virology Africa, mpomemmeir B 2024 r. B 1. Cremnen6om, HOAP;
CEKLIMOHHBIN YCTHBIM Joknan «Mogenu s uzydenust 3pPexTuBHOCTH U 0€30MacHOCTH
npodunaktuuecknx BakmuH mpotuB COVID-19» nHa MexayHaponHoit Hay4dHOU
koH(pepentun GLP-PLANET III, mpomeameii B 2022 r. B r. Cankt-Iletepoypre, Poccus;
CEeKIIMOHHBIM yCTHBIM Jmokian «Marmoset model for vaccine research, immune
characteristics» Ha MexayHapoaHoii koH(epeHuuu «llepcreKTUBHBIE TEXHOJIOTHH B
BakuuHauuu u ummyHotepanuu 2020», npomenmeid B 2020 r. OHIIANH; CEKIIMOHHBIN
ycTHbii goknan «lImmunological Characteristics of Common Marmosets as a Primate Model
for Preclinical Testing of Immunobiological Drugs» na MexayHapoagHoM KOHTpecce
«BHOTEXHOIOTHH: COCTOSIHUE U TIEPCIEKTUBHI pa3BuTHs. Hayku o ku3Hu», mpormieaiemM B
2019 r. B r. Mockse, Poccusi; crenmoBbiii noknan «Protectivity of the experimental
recombinant vaccine against hepatitis E and two-year follow-up of the antibody response
after immunization and viral challenge in nonhuman primates» na Exeronnom xoHrpecce
MexayHapoIHOTO BaKIMHHOTO oOmiecTtBa, mpomeamem B 2019 r. B 1. I'enre, benbrus;
crennoBbIi gokman «Toolkit for monitoring of immunogen expression and adaptive cellular
response in common marmosets following intradermal DNA immunization with
electroporation» Ha Esxeromnom konrpecce MexAyHapOIHOTO BaKIIMHHOTO OOIIECTBA,
npomenmeM B 2018 r. B r. Ammante, CHIA; cexkuuoHHBIA yCTHbIA Ao0kna] «OmnbIT
MOJICTTUPOBAHUS BUPYCHBIX TEITATUTOB HAa MapMo3eTax 00bIKHOBEHHBIX (Callithrix jacchus)»
Ha III mexnynapoanoii koHgpepeHIMH «DyHIAMEHTANbHbIE W TPUKIAIHBIE ACIEKTHI
MEIUIMHCKON TpumMaTosiorun», npomeameid B 2016 r. B r. Coun, Poccust u cTeHI0BbIN
noknan «Steps towards the development of hepatitis E vaccine» Ha MexayHapoaHon
koHpeperimu Mucosal Vaccines, Adjuvants and Delivery 2016, npomenmeit B 2016 T. B T.

Jlozanne, IlIBennapusi.
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Amnpobarusa amccepranuu cocrosiiack 3 mekaOpst 2025 1. Ha 3acemanun Haydnow
skcrieptHo komuccun OI'AHY «OHIIUPUIT um. M.II. YUymakoBa PAH» (Muctutyt

nonuomuenuta) (mporokon NelS ot 3 gexabpst 2025 r.).

CooTBeTCcTBHE AUCCEPpTAUA NMACIIOPTY Hay‘lHOﬁ CIICNHAJIBHOCTH

HayuHble mosioxeHus: quccepTaiuu COOTBETCTBYIOT Macnoprty cnenuanbHocTu 1.5.10.
Bupyconorus. Pe3ynabTaThl IpOBEIEHHOTO UCCIEAOBAHUS COOTBETCTBYIOT IyHKTaM 6, 7 u

11 macnopra cnetmansaoctu 1.5.10. Bupycomnorusi.

Hyﬁ.ﬂmcamm Imo TeM€ Juccepranum

[To Teme muCCEepTAIMOHHOTO UCCIIEIOBAHSI OMYOIMKOBAHO 17 MeYaTHBIX paboT, U3 HUX
OIMyOJIMKOBAHO B OTCUYECTBEHHBIX PEICH3UPYEMBIX HAYUYHBIX HW3JIAHUSAX, BXOISIIAX B
MEXIyHapoaHble pedepaTuBHBIC 0a3bl JaHHBIX U CHUCTEMbl IUTUPOBAHUS — 7 CTaTei;
OITyOJIMKOBAHO B MEKYHAPOHBIX PEIICH3UPYEMBIX HAYUHBIX H3/IaHUSIX, UHACKCUPYEMbBIX B
6azax manabix Web of Science, Scopus — 8 crareit u 1 0630p, rnaBa B MoHorpaguu — 1.
Bce myOnmukanum COOTBETCTBYIOT TPEOOBAHUSM KAaTETOPUPOBAHUS KYPHAIOB, B KOTOPBIX

JOJIXKHBI OBITH OHY6HI/IKOB3HBI PE3yabTaThbl JUCCEPTATMOHHOI'O UCCICAOBAHMAA.

CtpykTypa u 00beM auccepranum

Huccepranust uznoxkena Ha 206 cTpaHMIax MAIIMHONMCHOIO TEKCTa M COCTOUT W3
BBEACHUS, 4-X JIOTUYECKH 3aBEPIIECHHBIX TJIaB, KaXKJas U3 KOTOPBIX COAEPKHUT OTAEIbHOE
BBeJeHHE, O0030p IUTEpaTyphl, OMNHCAHHE MATEPUATIOB U METOJOB HCCIEIOBAHUSA,
pe3ynbTaThl COOCTBEHHBIX HCCIEAOBAHMUM, OOCYXKIEHUE TMOJYYCHHBIX pPE3yJIbTaTOB U
3aKiaroueHue. Jluccepramus Taxe COAEPKHUT BBIBOJABL, MPAKTHYECKUE PEKOMEHIALUU,
MIEPCIIEKTUBBl JalbHEHIed pa3paOOTKH TEeMbI, OJaroJapHOCTH, CIIMUCOK COKpAIleHUH W
YCJIOBHBIX O003HAYEHUHN U CIMCOK JUTEPATyphl, BKIOYarouuii 21 oreuecTBeHHbIN 1 239
3apyOeKHBIX UCTOYHUKOB. JluccepTannonHas pabora nwuoctTpupoBana 19 tabnumamu u 28

PUCYHKAMU.
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IJTABA 1. OnTumu3anus YCJI0BHi JIHTEJIbHOIO COAEPKAHUA, PA3BeACHUS U
MOHUTOPHUHIA COCTOSTHUS 310POBbsl 00BIKHOBEHHBIX HTPYHOK

B BUPYCOJIOTHYECKOM 1adopaTopuu

B nanHoiil rmaBe onucaHbl pe3ynbTaThl pabOT, KOTOPBIE OBLIN HAMIPABJICHBI HA PEIICHUE
psiga aKTyalbHBIX 3a7a4. Bo-mepBbIX, 3a MOCIEIHUE TObI MOTPEOHOCTH B TAOOPATOPHBIX
npumaTtax Juisi OMOMEAUIIMHCKUX HCClieqoBaHUN B POocCHM 3HAYMTENBbHO BBIPOCHA, YTO
00yCJIOBUII0O HEOOXOANUMOCTD MOJIYYSHHS SMIIMPUIECKUX TaHHBIX O PEaIbHO JOCTHXKUMOUN
JMHAMUKE POCTa YHCIEHHOCTH KosnoHuu OU, comepskamuxcsi B 1a0OpaTOPHBIX YCIOBHUSX,
Uil TUIAHUPOBAHUS IPOTPAMMBI  PAa3BEIACHHUS B CPEAHECPOYHOM M JOITOCPOYHOU
nepcrnekTuBe. Bo-BTOPBIX, MOCKOJIBKY OJTHOM U3 Hanbosee BaXHBIX 001acTell MPUMEHEHUS
OU aBnisroTCst JOKIMHUYECKUE UCCIIeI0BAHUS CIEIM(PUIECKON aKTUBHOCTH U 0€30MMaCHOCTH
MMMYHOOHOJIOTHYECKUX TMPENnapaToB, aKTyallbHOM 3a/layeil MpeICTaBIsIOCh MOTyYeHUE
pedepeHCHBIX 3HAYEHHM OCHOBHBIX T'€MATOJOTUYECKUX M OMOXUMHUYECKUX IOKa3aTelen
KpoBu aboparopHbix OU, olleHMBaeMBbIX P MPOBEACHUU JOKINHUYECKUX UCCIIEI0BAHUN
MPOTUBOBUPYCHBIX BAKIMH, a TaKXK€ THCTOJIOTHYECKas XapaKTepUCTHUKa JTUM(OUTHBIX
opranoB OU B HOpMe 1 B X0€ HOpMUPOBAHUS TOCTUH(PEKIIMOHHOTO U TOCTBAKIIMHATIHLHOTO

HMMYHHOI'O OTBCTA.

1.1 O630p auTEpaTypbI

B mHactosimiee Bpems 3aBeplIalOIde ATanbl  JOKIMHUYECKUX HUCCIIEIOBAaHUN
3¢ (HeKTUBHOCTH M 6€30MaCHOCTH MPOTUBOBUPYCHBIX BAKIIMH B OCHOBHOM IPOBOSTCS Ha
npumarax Craporo CBera: Makakax-pesycax (Macaca mulatta), SBaHCKUX MaKaKax
(Macaca fascicularis) n 3enenbix wmapteimkax (Chlorocebus sabaeus). bnaromaps
(buUIOreHeTHYECKON OIM30CTH K YENOBEKY, OPraHu3M 00€3bsH 00Ja/laeT 3HAYUTEIbHBIM
aHATOMHMYECKUM M (PU3HOJIOTHYECKUM CXOJCTBOM C YEIOBEYECKUM, YTO OOECIIEUYMBAET UX
BOCIIPHUUMYHMBOCTH KO MHOTHM BHUPYCaM, BBI3bIBAIOIIUM 3a00JeBanus y moaei. Kpome toro,
MHOTHE TUarHOCTHYECKHE TECT-CUCTEMBbI U HA0OPHI PEareHToOB, IPUMEHsIEMbIE ISl pa0OThI
c OuomarepuasioM, TIONYyYEHHBIM OT JIOJEH, TaKXKe TOIXOMAT Ui pabdoThl C
OnoMarepuanoM, TOJYyYEHHBIM OT O00€3bsH, UYTO JOMOJHUTEIHHO  MOBBIIIAET

TPAHCISLUOHHBIN MOTEHIHAIT ITOTYy4YaeMbIX JaHHBIX [1].
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Hapsimy ¢ onucaHHBIMU BBIIIE NMPEUMYILECTBAMU, UCIOIb30BaHUE puMaTroB CTaporo
CBeta B OMOMEIMIIMHCKUX HCCIEAOBAHMIX CBSI3aHO C PSAOM OrpaHuveHuil. Bo-mepBhix,
MOCTOSSHHOE  COJEepaHUE  OOJBIIOT0  KOJMWYECTBA  KPYNHBIX  MPUMATOB B
AKCIIEPUMEHTAIBHBIX J1a00paTopusix, OOOPYMOBAaHHBIX [JIsi PabOThl C MMATOrC€HHBIMU
ouonornyeckumu areHtamu (IIBA), cBsizZaHO C 3TUYECKUMM OTPAaHUYEHUSIMU U KpailHe
BBICOKMMU 3aTpaTamMu, a MXWUBOTHBIE, COAEPIKAIIHUECS B OTKPBITBIX MUTOMHHUKAX, MEpeN
UCIIOJB30BAaHUEM B OKCHEPHUMEHTaX HYKIAOTCA B JJIATEIBHOW aKKIMMATH3aUUH U
o0CeIOBaHNM, HUCKIIOYAIONIEM HAJIM4YMe COIYTCTBYIOLIEH MaToJOTuU. Bo-BTOPBIX, ¥y
YyelioBeKa  TeHOMHas  o0iacTb,  KOAWUPYIOMIash  TEeHbl  [JIABHOTO  KOMIUIEKCa
ructocomectumoctn (MHC) kmacca I, BkirowaeT OJHY KOIHMIO TEHOB YEIOBEYECKUX
neiikorutapubix aHTurenoB (HLA)-A, HLA-B u HLA-C na xpomocomy (ramioTut), Toraa
KaK y pa3HbIX BHJAOB 00e3bsiH konmmdecTBO reHoB MHC kiacca I, mpucyTtcTBytonmx B
rarioTUIE, MOXET CYIIECTBEHHO pa3iuyarbes. Tak, y Makak-pe3ycoB HaOIromaercs
oompmee yuciao renoB MHC xmacca I A uw B, a skBuBameHT reHa C OTCyTCTBYeT.
3HaunuTensHO OOJIee BBICOKAs, YeM Y Jitojei, BapuadenbHocTh TeHoB MHC kiacca 1 B psine
ciy4aeB TpeOyeT NpOBEACHUS TEHOTUIIUPOBAHMS JKUBOTHBIX TMEpe] BKIOYCHHUEM B
SKCHEPUMEHTHI C UCCIEAOBAHUEM MOCTBAKIIMHAIBHOTO aJallTUBHOTO MMMYHHOTO OTBETA
WM  3HAYUTEIIBHOTO  YBEJIHMYEHHMS  YHMCICHHOCTH  3KCIEPUMEHTAIBHBIX  TPYIIIL,
JIOTIOJIHUTEJIbHO MOBBIIIAs CTOUMOCTD UCCIIEI0BaHM [2].

Oo6sikHoBenHble urpynku (Callithrix jacchus, OW1) — Bun npumaroB Hosoro Caera,
MPUMEHSEMbIII BO MHOTHUX OONAcTAX OHOMEIUIIMHCKUX HCCIEAOBaHUM, BKIIOYas
PENPOAYKTUBHYIO OMOJIOTHIO, KOTHUTHUBHBIE HCCIEAOBAHMS, HM3yUYEHHE ayTOUMMYHHBIX
3a00J1€BaHMI, OHKOJIOTHIO, TOKCUKOJIOTHIO U WH(PekTonoruto [3]. OU kak OmomornaecKuii
BUJ O00JIaJalOT PAIOM TMPEUMYIIECTB, OOYCIAaBIMBAIOIIUX WX MPUMEHUMOCTh B
onoMenuuuHcKkuX wuccnenoBanusax (Pucynok 1, aganTupoBaHo u3 OO30pHON CTaThH,
OIMyOJIMKOBAaHHOM JUCCEPTAHTOM U C0aBT.). K TakuM XapaKTepUCTUKAM OTHOCSITCS
¢dumoreHeTudeckass ONM30CTh K dYelnoBeKy, HeOombimas macca tena (300-500 1) u
OTHOCHUTEJIbHASI MPOCTOTA COACP)KAHUS W pa3BeleHUs: B JabOpaTOpHBIX ycioBusax [4]. B
OTIUYHe OT OOJBIIMHCTBA APYTUX BUAOB MpuMaroB, y OU HabmonaeTcs BeICOKAsi 4acToTa
pOXJeHus IByX U Oosiee OMu3HENOB [5]. TO, B 4aCTHOCTH, TO3BOJIMIIO HAM HMCIIOJIb30BaTh

OJNM3HENOBBIA NHW3allH MCCJICAOBAaHUS B XOJ€ HCIBITAHUA TPOTCKTUBHOW aKTHBHOCTH
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KaHAUJAATHOrO BaKMHHOIO Mperapara NpoTUB BUpycHoOro renatuta E [6], onuckiBaeMbIX B
['maBe 4, 1 TeM caMbIM MOBBICUTH JOCTOBEPHOCTh PE3YJIbTATOB CPABHEHUS HCCIEAYEMBIX
MoKaszareneid B OKCHEPUMEHTAIBHBIX TpyMNax. Takke YyHHKaIbHOM OCOOEHHOCTHIO
npencrasuteneir cemeiricta Urpynkossie (Callitrichidae; OW u Tamapunsl) siBhsieTcs
CIIOCOOHOCTH MPOU3BOIUTH MOJUZUTOTHBIX OJIM3HEIIOB C TEMATOMOAITHIECKUM XUMEPU3MOM,
00yCJOBIEHHBIM (OPMHPOBAHUEM XOPHOHHOM MOJIOCTH HA PAaHHUX CTAAMUSIX Pa3BUTHUS

3MOpuoHoB (30 cyTku OEpeMEHHOCTH) M YCTAaHOBJIEHHEM COCYAMCTOTO aHacTOMO3a C

MOCJIEAYIOIINM 0OMEHOM CTBOJIOBBIMH KJIETKAMHU MEXIYy OMu3Henamu [7].

Penponym'unuaﬂ 6uonorus \
OTHOCUTENLHO KOPOTKUIA CpoK GepemeHHoCTU \

BbicTpoe nonoeoe coapesaHue

Hanu4ue JOCTYNHbLIX METOAMK KOHTPOSS OBYNSALMK

npodunb IKCNPECCUU reHOB MONOBLIMK KNeTKaMu

CXOX C HernoBe4eckum

remMaTonoaTUHECKUN XUMEPH3M Y eAnHOYTPOBHbLIX

Gnuaneuos

.

Tokcukonorus

* pearupyioT Ha YenoBeYecKMe LUMTOKMHBI U FOPMOHbI
*  BOCNPUUMYMBBI KO MHOTM HENIOBEHECKUM
naroreHam

Hanuyue AOCTYNHbIX METOAMK OLEHKN KITUHUHECKUX
1 BUOXMMUHECKMX NoKasarenei Kposu

* MeraBonuyeckre ropMoHbl UX PeLenTopbLI CXOXK C
4YenoBe4eckuMM

Manas macca Tena Tpebyer MeHbluero konuyecTaa
Mccneayemoro seLlecTsa

* MNPOCTOTa CoAepXaHus v passefieHns B HeBone

W3yuyeHne cTBONOBLIX KNETOK
* Hanu4ue oTpaboTaHHbIX METOAWK NOMyYeHust
3MBpPUOHArbHbIX CTBONOBbLIX KNETOK
* Mapkepsb! ctagmin auddepeHUMpoBKkn
3MBPUOHANBHBIX KIETOK CXOXM C YENnoBeyeckumu

Mayqeuue ayTOMMMYHHbIX 3a6onesaHunin
Hanuyue QOCTYNHbIX peareHToB U METOAUK ONsA
OLEHKM YPOBHS NyMOPanbHOro 1 T-KNeTo4HOro
0TBETA Ha MMMYHOTeHbI

* Hanuuue oTPaboTaHHLIX METOAMK MHAYKLMN
ayTOUMMYHHOW NaToNorMu

OHkonorusa

* cpunoreHetuyeckast GNM3oCTb K YenoBeky

*  BLICOKAs YACTOTa CNIOHTAHHOM (POPMUPOBAHUA
onyxone

*+ manoe pasHoobpaaue noxycos MHC knaccos | u Il

W3yyeHue GonesHen noxunoro Bo3pacra

+ BbICTPOE MONOBOE CO3PEeBaHNE U KOPOTKas
NPOAOIPKUTENBHOCTL XM3HK (~16 net) noasonsioT
uayyarb BoneaxHun noxunoro BozpacTta

* OTBEHAKT HA YeNoBE4ECKUA WHCYNWUH

KorHuTuBHbIE McCcnenoBaHuaA
* CTPYKTypbi KOPbI MO3ra CXOXU C YENOBEMECKUMMU

* Hanuuue JOCTYMHLIX METOAUK HEMPOBU3yanu3aLuuu

+ 0By4arTCs KOMMYHUKALWUW B rpynne, BKKMas
naTTepHb! rONOCOBOID OBLLEHUs

* XVBYT B HeBone B BONbLIMX CeMeHbIX rpynnax ¢
COBMECTHbLIM YXOA0M 32 MOTOMCTBOM, BbIP@XEHHOW
BU3yanbHOW U ayananbHOW KOMMYHUKaLUed, YTo
NO3BONAET U3yHaTb KOTHUTUBHbLIE MEXAHWU3MbI
coumanbHbIX B3aMOAENCTBMI B KOHTPONUPYEMBbIX
YCNOBUSX

WHdpekymorHble 3aboneBanus

* Hanu4ue AOCTYNHbIX METOAVK ANs XapaKTePUCTUKN
NOCTBAKLMHANBHOTO MMMYHHOTO OTBETa

* XOpOLIO Pa3MHOXAIOTCA B KOHTPONMPYEMbIX
nabopaTOPHbIX YCNOBUSX CO CHIKEHHBIM PUCKOM
conyTcTayloLmMX 3a6onesanwii

* yactoe poxaeHue 6nuaHeLoB, nosonsiolee
NpoOBOAWTHL BNM3HELIOBbIE UCCNeAoBaHs

* ©CTeCTBEHHbIM 0BPa3oM BOCTIPUUMUMBS! K
LUMPOKOMY CEKTPY HerloBe4eCKUX NaToreHoB

Pucynoxk 1 — OOnactu mnpuMeHEHHS OOBIKHOBEHHBIX WIPYHOK B OMOMETUIIMHCKHUX
uccienoBanusx (amantupoBaHo u3 cratbu E. baropoBoii u coasr. [8])

Baxxnoit BumoBoit ocobeHHoCcThI0O O ABISIETCS MUHUMAIBbHOE Pa3HOOOpa3nue JOKYCOB
MHC «kak 1, [9-11],

OIIEHKH

tak u Il xkiacca YTO CIIOCOOCTBYET TIOJYYCHHUIO BBICOKO

BOCHPOU3BOJIUMBIX  PE3YJbTATOB MoKazaTejed  MOCTBAKIUHAIBHOIO U
MOCTUH(PEKIIMOHHOTO aJIanTUBHOTO MMMYHHOTO OTBeTa. Kpome Toro, Hammu, a Takke
IPYTMMH HAy4YHBIMH TpymnmamMu OBIJIO TOKa3aHO, YTO PSAJ KOMMEPYECKH JOCTYITHBIX
MOHOKJIOHAJBHBIX aHTHUTEN, HWCHOJb3yeMbIX I TuPEpPeHITUPOBKH CYOIOMyIsSIuid
YEJIOBEUECKUX MMMYHHBIX KJIE€TOK METOJIOM MPOTOYHOW I[UTOMETPUH, MEPEKPECTHO
pearupyroT ¢ oprojiorudyHbiMu antureHamu OU [12—-15], yTo no3BOJIIET MPUMEHSTH NMPU B
pabore ¢ OWM xopomio ONMUWCAaHHBIE HMMMYHOJIOTHYECKHE METOAUKH U PEaKTHBBI,

UCIIOJIb3yeMble Tpu paboTe ¢ OuomMarepuanioM, MOdydeHHbIM oT jroAeil. [logpoOHbie
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XapaKTepUCTUKN UMMYHHOU cucteMbl OW, a Taxke pe3ynbTarsl paboT, HAIIPABJICHHBIX Ha
pa3paboOTKy METOAMK OIICHKM CHeHU(PHUecKoro MOCTBAKIMHAIBHOTO aJallTUBHOTO
MMMYyHHOTO oTBeTa y O, npuBenens! B I nmase 2.

ON BoCHpUUMYHMBEI KO MHOTHM BHUPYCHBIM, MPOTO30HHBIM U OaKTepUaIbHBIM
naTroreHaM 4esioBeka [16], BKiIroyas BUPYC KEATOW JIMXOPAJKH, BUpyC DnmreliHa-bapp n
IpyTue reprecBUpyChl, BUpyC renatura A, Bupyc XyHuH, Bupyc kopu [17], Bupyc Jlacca
[18], Bupyc 3uka [19] u mp. IIpu 3TOM pabGoTa ¢ maToreHamMu TpU HUcHonb3oBaHuu OU
TEXHUYECKH 3HAYUTEIBHO MEHEE CJI0OXKHA, M, COOTBETCTBEHHO, MPEACTABISET MEHBIIYIO
OMMACHOCTH JIJISl TepCOHala, yeM paboTa ¢ KpymHbIMU mpumaramu. Kpome Toro, Haimuuue
naHHBIX pacmuppoBku reHoma O mo3BoNsSieT MCHOIB30BaTh HMX B HCCIEIOBAHUAX
T€HOTEPANEBTUYECKUX IPENAPATOB HOBOI'O IMOKOJIEHHS, a TAKXKE MOJy4aTh TPAHCTEHHBIX
KUBOTHBIX [20].

B coueraHnn ¢ npuBeleHHbIMM B [7aBe 2 METOAMKAMH OLEHKH JIOKAJIbHOTO
MYKO3aJIbHOTO, CUCTEMHOI'O T'YMOPaJIbHOIO M T-KJIETOYHOIro aJalnTUBHOIO HMMYHHOTO
OTBETA, OINMCAHHBIE BBIIIE XAPAKTEPUCTUKHU nenaroT OM onTuManbHOM MOJEIBIO IS
MCCJIeI0BaHUN 0€30MacHOCTH U CIIeU(PUUeCKON aKTUBHOCTHU MMPOTHBOBUPYCHBIX BAKIIMH Ha
3aBepIIAOIIMX JTanax JAOKIMHUYECKMX HcclieqoBannii. Tem He MeHee, LIHPOKOE
sKcriepuMeHTanbHoe npuMenenne OU B manHo# o0nacTu TpeGoBaIo pelieHus psijaa 3aaad,
BKJIIOYAsi pa3pabOTKy W CTaHAAPTU3AIMIO YCIOBUH HMX UIMTEIBLHOTO JIa0OpaTOPHOTO
coJiep KaHMsl, OTpe/ieNieHne pePepEeHCHBIX 3HAYCHU OMOXMMHYECKUX U TeMATOIOTUYECKUX
MoKasareyeil KpoBH, a TakKe (PYHKIHMOHAIBHYIO M MOP(OJIOTUYECKYIO XaPAKTEPUCTUKY

OpraHoOB I/IMMyHHOﬁ CHUCTCMBI.

1.2 Metoanl

1.2.1 dTn4yeckne TpedOBaAHUA

[IpoToKONBI BCEX OMUCAHHBIX B JUCCEPTAIMU HKCIIEPUMEHTOB HA MpHUMaTax ObLIN
onoopensl OtuueckuM komuterom GI'AHY «OHIMWPUIT um. M.II. UymakoBa PAH»
(Uuactutyt nonuomuenura) (mpoTokoisl Ne8 ot 20.04.2016 r., Ne260219-1 ot 26.02.2019
r., Ne110520-1 ot 11.05.2020 ., Ne140720-1 ot 14.07.2020 1. 1 Ne141021-2 ot 14.10.2021

r.).
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1.2.2 Conepxkanue u pa3peieHHe 00bIKHOBEHHBIX HTPYHOK B J1a00PaTOPHBIX YCI0BUAX

[lepBoii u3 3amay, TpeOOBABIINX PEUICHUS B XOJI€ CO3AAHMS CAaMOBOCIIPOU3BOASIICHCS
KOJIOHMHM TPUMATOB JJII BUPYCOJIOTHUYECKUX M TOKCHUKOJOTUYECKUX HUCCIEAOBAHHM, OBLIO
MPOCKTUPOBAHUE TMOMEIICHUN s AJUTEIbHOro labopartopHoro coxaepxanuss OU B
COOTBETCTBUM KaK C ATOJOTUYECKUMH MOTPEOHOCTSIMU BUIA, TaK U C PETryISATOPHBIMU
TpeboBaHusIMH B 001acT padbotsl ¢ [IBA.

ABTOp BbIpaxaeT OnarogapHocts corpyanukam OI'AHY «OHIWPUIT um. M.IL
YymakoBa PAH» (Muctutyr nommomuenuta): n.Mm.H. FO.K. Hosomepxkunoii, C.E.
ConkoBot u C.1IO. JlroToil, mpUHUMABIIMM HEMOCPEICTBEHHOE ydYacTHe B paldoTe IO
MPOEKTUPOBAHUIO JTAOOPATOPHBIX MOMEIICHHM, pe3yIbTaThl KOTOPOM ObUTH OMyOJINKOBAHbBI
B J)KypHasie MeauiuHcKass BUpycoJiorus [21] B COaBTOPCTBE € IUCCEPTAHTOM.

JlabopaTopus MOJIETTUPOBAHMUS UMMYHOOHOJIOTHIECKUX MPOIIECCOB C
AKCIIEPUMEHTAIBHOM  KIIMHUKOM  WUTPYHKOBBIX 00e3bsiH  (Jlabopatopusi) DOI'AHY
«OHIMPUIT um. M.II. UymakoBa PAH» (MucTutyT monmommuenura) o0opyAoBaHa s
paboThI ¢ BO30OYyIUTENIMH MH(GEKITMOHHBIX 3a00JICBaHUN YEIOBEKA W KUBOTHBIX U TC€HHO-
WHXeHepHO-MoauduimpoBanubiMu  opranusmamu Il u IV rpynn mnaroreHHoctu B
cootBercTBUM ¢ TpeOoBanusamu CanlluH 3.3686-21 «CaHuTtapHO-3MHIEMUOTOTHIECKUE
TpeboBanus mo mpodunakTuke WHPEKIUOHHBIX Ooyie3Hei». KUBOTHBIE COAEPKAIHCH B
JlabGopaTopuu B COOTBETCTBUHU C TPEOOBAHMSIMHU K YCJIOBHUSM COJACpXKaHUS JTaOOPATOPHBIX
npumatoB: ['OCT 33218-2014 «PykoBOACTBO MO COACPIKAHUIO U YXOIY 32 JIa0OPaTOPHBIMU
KUBOTHBIMIY, Pexomennanuein Komnernn EBpazuiickoil 3KOHOMUYECKOW KoMUccuu oT 14
HosiOps 2023 1. Ne33 «O PykoBomctBe 1o pabore ¢ 1abopaToOpHBIMU
(3KCTIEPUMEHTAIbHBIMU) KUBOTHBIMH TPU MPOBEICHUN JOKINHUYECKUX (HEKIMHUYECKHX)
uccaenoBanuin» u Jupexrtusoit EBponeiickoro napinamenta u Cosera EBponeiickoro Coro3a
2010/63/EC ot 22 centsiopss 2010 r. mo oxpaHe >KUBOTHBIX, UCIOJIb3YEMbIX B HAYUYHBIX
HEsIX.

[Tomemenus Jlabopatopuu BKITIOUYATIH 30HY pa3BEACHHS U IKCIIEPUMEHTAIBHYIO 30HY C
pa3leneHHbIMU TIOTOKAMHM TIEpEeMEIleHHus TepcoHaira W marepuainoB. Cucrema
aBTOMATHUYECKOM BEHTWISIMM M KOHAUIIMOHUPOBAHUS KPYIJIOTOAMYHO oObOecreunBana
temiiepaTypy Bosayxa ot +24 °C go +30 °C, BraxknocTts Ha ypoBHE 50—-60% u comepxana

ABa HEC3aBHUCHMbLIX KOHTYpPAd, HCKIIOYAINHNX BO3MOXXHOCTH CMCHIMBAHHA BO3AYIIHBIX
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MOTOKOB M TOMaJaHusi WH(MEKIIMOHHBIX areHTOB U3 SKCIEPHUMEHTAJbHOW 30HBI B 30HY
pa3BeneHus. Bo3nyx, moCcTynaBIIMK Kak B 30HY pa3BEIACHUs, TaK U B DKCIEPUMEHTAIbHYIO
30HYy, OYMILAJICS TPEXCTYMEHYaTOM CHUCTEMOH (QuiIbTpanuu, BKJIIOYABIIEH 1Ba Habopa
¢buabTpoB rpydoit ouncTku ¢ Kodddunuentamu 3dpdextuBnoctu 90% u 95% u GuabTPHI
Bbicokoi ounctku (HEPA), pacnonosxeHHbie HEMOCPEICTBEHHO B BHIBOJAX BEHTWISINH. B
nomemeHusix nans  cogepxkanus OM  obGecmeunBancs e€Ke4acHBIM  JAECITHUKPATHBIN
BO3/TyXOOOMEH.

KoMHatb! 30HbI pa3BeieHns ObUIA OCHAIICHBI OKHAMU ISl €CTECTBEHHOW MHCOJISIITNY, a
TaKXe JIaMIaMy JHEBHOI'O CBETA C KPYIJIOTOJUYHBIM €KEIHEBHBIM BKIOUeHUEM B 7:00 u
otkiroueHrem B 17:00.

B 30ne pa3zBenenus OU coaepxanuch CeMENHBIMU IPyNIIaMU B MaJOLIYMHBIX BOJIbEPax
(Triol, Poccusi) pasmepom 810x470x1760 wmm (AxI'xB) ¢ BepTuUKambHBIMU
SMATHPOBAHHBIMU MPYTHSIMH, PACTIONOKEHHBIMU HA PACCTOSHUH 8 MM, 00€CIIeYMBABIINMU
€CTECTBEHHBIX XBaT IMpPU MEPEMEIICHUU >KUBOTHBIX. CHajabHbIE JOMHUKH pa3Mepamu
300%x200%x200 mm (IxI'xB) pacnonaraiuch B KaKJIOM BOJbEPE B KOJUYECTBE ABYX ILITYK.
Kaxnplli cnanbHbli JOMHUK HMMEN [JBa BXOJHBIX OTBepcTHs auamerpoM 150 mw,
o0ecIeynBaBIINX BO3MOXKHOCTH MepemMenieHus B3pocibix OW ¢ aeTeHblliaMu Ha CIIMHE.
Hanuune AByX BXOJHBIX OTBEPCTUH OBLIO OOYCIOBIEHO HEOOXOAMMOCTHIO CBOOOJHOTO
BBIX0/1a )KUBOTHOTO U3 CIAJIBHOIO JJOMHKA B CIy4ae arpeCCHUBHOTO IMOBEJACHUS CO CTOPOHBI
npyrux OU, copepkaBIIMXCS B TOM K€ BOJIbEPE.

JIOTIOTHUTENBHBIN JTOKATBHBIM 00OTPEB JKUBOTHBIX OCYIIECTBIISUICS YCTaHOBICHHBIMHU
Ha pacCTOSHUU | M HAMpOTHUB KaXKJOTO BoOJbepa jJammnamu uHpakpacHoro ceera (OPA,
Poccust) momHoCThIO 250 BT, BKIIOYaBIIMMHUCS €XKEAHEBHO Ha 1 Jac.

[ToBbimieHrne pazHooOpa3us MOBEACHUYECKOW aKTUBHOCTH JKMBOTHBIX B BOJIbEpax MpHU
JUINTETFHOM JIa0OpAaTOPHOM COJIEP)KaHUHM OOECIeUYMBAIOCh BETEPUHAPHBIM BpauoM B
COOTBETCTBUM C ULHKJIMYECKOM CXEMOM H3MEHEHHMS pPAaCIIOJIOKEHHUSI KOMIIOHEHTOB
oboramieHus cpeipl BHYTPH BOJBEPOB. DJIEMEHTHI OOOTAIlEHUs] Cpeabl OOWTaHUsS OBLIN
HaIpaBJIeHbl Ha TMOBBIIICHUE PAa3HOOOpa3Msl MOBEACHUS U MyTeH mepeMenieHus: (3BOHKH,
3epKasia, BETBU, MOJIBECHI, Kauelu-TaMaKy U MEePEKJIaJuHbl) U YCI0KHEHHE JOCTyNa K MHIIE
(KOpMYIIKM C OTBEpPCTHSIMH, pacrojiaraéMble B Pa3IMYHbIX 30HaX Bojbepa). K

0JIHOO0Pa3HOMY PACTIONOKEHHUIO 3JIEMEHTOB OOOTAIICHHs CPeIbl MPUMAaThl MPUBHIKAIOT U
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TEpSIOT HMHTEpEC B TEUeHUE 3—5 CYTOK, UYTO BIOCIECACTBHU MOXKET MPUBOAUTH K
CTEPEOTUIUSM U TIOBBIIICHUIO YPOBHS arpeCcCU BHYTPHU TPYIIIIHL.

Cewmeiinbie Tpynnsl OW BKiIIO4anu mapy B3pOCIHbBIX KUBOTHBIX C ABYMs MOKOJEHUSMU
MX TOTOMCTBA: HOBOPOK/IEHHBIMU JIETEHBIIIAMU, TPEOOBABIIMMHY I'PYAHOTO BCKAPMIMBAHUS
U MIEPEeHOCca, U ACTHbMH U3 MPEBITYIIETO TOMETA, YIaCTBOBABIIMMHU B MIEPEHOCE JETEHBINICH
BHE TEPHOJOB KOpmiieHHA. Takum 00pa3oM, oOmasi YMCIEHHOCTh >KUBOTHBIX HA OJIUH
BOJIBEP B YCIOBUAX PAa3BEICHUS MOIJa J0CTUraTh mectu—ceMu. B Bo3pacte 10—13 mecsies
B3pOCJbIC JETEHBIIN OTCAKUBAINUCH B OTICNbHBIE BOJBEPHI JJISI HEMOJIOBO3PEIBIX
*KUBOTHBIX. HOBBIE cemelinbie mapsl cocTaBisuiich n3 OU B Bo3pacte He MeHee 18 Mecsien
C TMOCNIEIYIOUUM HAOJIIOJEHUEM C IENbI0 OLEHKH WHIUBUIYaTbHON COBMECTUMOCTHU
KUBOTHBIX B Mape. Bo3MOXXHBIMU TpHU3HAKAMH HECOBMECTUMOCTH B Iape MOIJIU OBITh
3aTpyAHEHHE JOCTyNa OJHOIO U3 KMBOTHBIX K MUIIE WM CHAJbHBIM JOMHKaM M 00IIas
arpeccMBHOCTh. B ciyuae OTCyTCTBHS OEpEeMEHHOCTH Y CAaMKM B TEUYEHHE Toja Mapa

paszzensiach ¢ HOCIEAYIOUIMM 110A00pOM HOBBIX apTHEPOB.

1.2.3 Panuon nuranus

JmurensHoe coxepxkanue OW B yclOBUAX SKCIEPUMEHTAIbHOW J1abopaTopuu
TpeOOBaNO TIIATEIBHOTO TUIAHUPOBAHUS pAIlMOHA MUTAHUS [JIS TOAJEPKaHHs POCTa,
Pa3BUTHS U 3J0pPOBbSl KUBOTHBIX. OJHUM M3 BakKHEUIUX (AKTOPOB HpH pa3paboTke
panmona OU sBnsmack KpaliHE BBICOKasl MOTPEOHOCTH Buaa B ButamuHe D. Panee Obuto
nokaszano, yto OU He ycauBarot D2 (sprokansuudeposn) [22], mo3TOMy B HUX palloH
HeoOxoaumo BkItouath D3 (xonekansiudepon). CnenctsueM aeduiura Butamuda D y OU
MOJXKET SIBJIATHCSI HAPYIICHHE METa0O0IM3Ma KalbIIHs, MPUBOASAIIECE K HAPYIICHUIO POCTA U
dbopmupoBanus kKocteil. B HeBosie HemocTaTok BUTamuHa D3 MOXeT OBITH CBSI3aH KakK C
HEJI0OCTaTKOM BO3JICHCTBUSI CBETA YIbTPA(HOIETOBOTO CIIEKTPA B YCIOBUAX J1A0OPATOPHOTO
COJIEp KaHMsI, TAK U C MHIUBUYAIbHBIMU OCOOCHHOCTSIMU YCBOCHHUSI MUTATEIHHBIX BEIIECTB
B KHUIIEUYHHKE [23].

DHepreTuyeckas ICHHOCTh pallMoHa, UCIIONb30BaBiIerocs B JJaboparopuu, cocraBisia
140 kxan B CyTKH Ha B3pocioe kuBOTHOE Maccoit 350—450 r, npu 3tom 18—-24% coctaBmsii
0eoK, MoTy4aeMblil U3 OTBAPHOTO KYPUHOTO MsiCa, SHIl, TPEYHEBO Kalllk, OBCSHOM Kallld U

TBOPOKHOM 3anekaHku. PannoH exenHeBHO aononHsau 360 ME Buramuna D3 Ha onHO
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KUBOTHOE, TJIFOKOHATOM KaJbIMsi M BUTAMHUHHBIM KOMIUIEKCOM. Pa3gady KOpMOB
MTPOU3BOIUIIN JBAXK/IbI B JCHb.

Pa3z6opnbie aBTOKIaBUPYEMBIE KaneabHble TOWIKH 00beMoM 100 M1 ¢ TUTHEBOI BOIOM,
cootBeTcTBOBaBIIel ['OCT P 51232-98, 3akpenisiian Ha CTEHKaX BEPXHEr0 YPOBHS Ka)A0ro
BoJIbepa. CMEHy BOJbI POU3BOIUIH €XKEAHEBHO. OUHCTKY MOAJ0HOB BOJIBEPOB OT OCTATKOB
MWLM TPOU3BOAMIN €KETHEBHO N0 YTPEHHEN pa3gayd KOPMOB U MOCJIE MOJIYJHS IO Mepe
3arps3HEHUsA. bBHOJOrHMYecKue OTXOIbl, IOJIy4YaeMble B OKCIEPUMEHTAIBHOW 30HE,

o0e33apakrBaIi aBTOKJIABUPOBAHUEM.

1.2.4 Ilpouexypa BbIXa:KMBAHMS JIeTeHbILIEH

BonpmuHCTBO po0oB y OM mporCX0auiI0 HOYBIO, TPU 3TOM IMOBEJACHHUE JETEHBIIIA CPa3y
MIOCJIE POJIOB UMEJIO PEIIAOIIEee 3HAUEHUE IS €r0 BBDKUBAHUS. 3JOPOBbIE ICTEHBIIIH CPa3y
KE TMEepeMelIaiuCh BBEPX MO TEIy CaMKH, 3alemissich 3a mepcTb. OOHapykeHue
HOBOPOJKJICHHBIX JIETEHBIIIEH Ha MOJTy KJIETKH, KaK IPaBUJI0, CBUIETEIILCTBOBAJIO O IOJHOM
OTKa3e CaMKHu OT yxoja. B ciiydae oTka3a caMK OT 3J0pOBOTO JETEHBIIIA, OH MOT OBITh
nepeJaH Ha BCKapMIIMBAaHHE JpPYrol caMKe, y KOTOPOM pOJbl MPOU30LUIM B
MpeamecTByomue Tpu Henenu. llporneaypa OOBIYHO 3akioyanach B TEPEMEIICHUU
JETEHBINA B JOMUK NPUEMHOM CaMKH C INPEIBAPUTEIBHOW MAapKUPOBKOW €€ MOYOU U B
OOJBIIMHCTBE CIIy4aeB MPOXOIUIa YCIEIIHO.

JI1s1 MOTHOLIEHHOTO MCKYCCTBEHHOI'O BCKapMIIMBAHUA B CIy4ae OTKa3a CaMKH OT yX0/1a
WM c1a00CTH HOBOPOXKACHHOTO ACTEHBIIIN OTIYYAIUCh OT TPYMIBI YXKE Yepe3 HECKOIbKO
94acoB IMOCJIE POXKIACHUS U MOMEIIATUCH B MHKYOATOP C MOKPBITOM MCKYCCTBEHHBIM MEXOM
rpenkoit temmepatypoit 37 ‘C. B kadecTBe JOMONHHUTENBHOTO MCTOYHMKA OOOTpeBa
MCIIOJIb30BaNach MHGpaKpacHas jJamia, BEICTABICHHAS HA JJOCTATOYHOM PACCTOSIHUH, YTOOBI
HE BBI3BIBATH TEperpeBa W 00e3BokmBaHUs JneTeHbimed (Pucynox 2A). HaumbGombmiee
BJIMSIHUE HA HEOHATAJbHYIO BBDKHBAEMOCTH OKAa3bIBAJI PEKHM KOPMIICHHMS U HOpMaJlbHas
nedexanus B IEpBbIE TPOE CYTOK.

Monoko OU cxoxe Mo cocTaBy ¢ MOJIOKOM JAPYTUMX MPUMATOB, COAEPKUT 0KoJo 14%
CyXOr0 BEIECTBA U MMEET dHEPreTHIecKyro 1eHHocTh 0,76 kkan/r [24]. XoTs momoko O

COAepKUT Ooiblle Oenka, 4eM MOJOKO Jpyrux npumartoB (2,7% mnporus 1,7%),
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KOMMCPUYCCKHUEC MOJIOYHBIC CMCCH, IPHUMCHACMBIC JIA J'IIOI[GfI, MOTI'YT OBITH YCIICIIHO

HCIIOJIb30BAaHLbI 1JIsI BCKapMJIMBAHUA I[GTCHBIIJ_IGI‘/’I ON.

PucyHok 2 — BpIXaXKMBaHHE€ M HCKYCCTBEHHOE BCKAPMJIMBAHUE HOBOPOXKICHHBIX

JCTCHBIIEH OOBIKHOBEHHBIX WIPYHOK. JIOTMOMHUTENbHBI O0OTpEB MIECTUAHEBHBIX
netensimeit UK mammnoii (A). BckapmnuBanue 55-1HEBHOTO JETEHBINIA MOJIOYHOM CMECHIO

(b)

[TepBoe KOpMIIEHHE HOBOPOXKJCHHBIX JETEHBINICH Mpou3BOAWIOCh W3 mmpuia 10%
pacTtBOopoM TUIOKO3bI B 00beme 0,05-0,1 M. JIjist MCKITFOYEHUST BO3MOXKHOCTH acIUpaIiiu
KUIKOCTH HEOOXOAMMO OBIIO yAEpKUBATH JACTEHBIIIA B BEPTUKAIHLHOM IOJOXKEHUU TPU
KopwieHnd. BTopoe u mocnenyronime KOPMIIEHUS B TEpPBbIE CYTKH IPOU3BOAMIN
KOMMEPYECKUMHU MOJIOYHBIMH cMecsiMU Ji71s1 HoBOpoxkaeHHBIX (NAN-1, Nestle, [1IBeitapus)
C MHTEpPBAJIOM B JBa 4Yaca. Kaxxayro MOpIHI0O CMECH TOTOBMIIM HEMOCPEICTBEHHO Mepe[
KopmiieHreM. HaumHasi co BTOpO#l Helenau JeTEHBINIaM ABAXKAbl B HEJEII0 B MOJOUYHYIO
cMech nobasisui 1o 1 karute macistHoro pactopa D3 (1000 Ex. B Henmemnio). YBenuueHue
o0BbeMa yrnoTpeOasieMoit CMecH 3a OHO KOPMIICHUE MPOU3BOIUIH IO MEpE MPUPOCTA MACCHI
Tena u anmneruta. CUTHAIOM HACBHIIMICHHS JETEHBIIA CIY>KUJIO0 OTBOPAYMBAHUE TOJIOBHI B
ctopony. Kaxmoe kopMmieHHe 3aKaHYMBAJIOCh MPOBEICHUEM Maccaka B HAMPABICHUU OT
TPyAN K HUKHUM OTJAENIaM >KMBOTA C HCIIOJIb30BAHMEM BATHOTO TaMIIOHA, CMOYEHHOIO
Terioi Booil. CMOYEHHBIE B TETUION BOJIE TAMIIOHBI TAK)K€ MCIIOIB30BaH A1 00paboTKU
pTa, TeHUTAIUH U aHyca. DT Mepbl ObUTH HEOOXOIUMBI JJI MTOJACPKAHUS TUTHEHBI KOKHBIX
MOKPOBOB, CTUMYJIAIIMHA PETUOHATHHOTO KPOBOOOPAIIICHHSI, MOUYCHUCITYCKAHUS U IeeKallnu.

Ha 5-6 cyTku Xu3HM B KayecTBE JOMOJHEHUS K CMECH B PAIlMOH BBOAWIN KHUJKYIO
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MOJIOYHYIO KaIlly U3 MePEMOIIOTON OBCAHOM Kpymbl. Hopmy moTpebneHus Kaium exXeTHEBHO
KOPPEKTUPOBAIU M YBEIWYUBAIM 1O Mepe Habopa Macchl Tena jaerenbinieM. Co BTOpoU
HEIEIM KOPMJICHME IMPOBOJWINA 4Ye€pe3 MHUHUATIOPHYIO CHJIMKOHOBYIO COCKy C
mukpootsepctusamu (Pucynok 2b). C TpeTbeil Hefienu B pallioH BBOIUIIN KYPUHBIH KENTOK,
mope OaHaHa, si0;oka W rpymm. Ha 55-56 CyTku KM3HU NETECHBINICH TepeMeriair BO

B3POCIIbIE BOJIBEPHI U TIEPEBOININ HA OO PAIlMOH TUTAHMUS.

1.2.5 Yc/0BusI NPOBeIeHUS IKCIIEPUMEHTAJbHBIX MAHUITY IS LM

Bce manunymsiinu ¢ OW mpoBoAniv BeTeprUHAPHBIE Bpauu JIN0O HAyYHbIE COTPYIHUKH,
MPOLIEAIINE CIICHUATN3UPOBAHHOE 00yUeHue padoTe ¢ 1ab0paTOPHBIMH MMPUMATAMHU.

OKCHepUMEHTANbHbIE  MPOLEAYyphl C  JKMBOTHBIMH  NPOBOAMIM B OOKce
MUKpPOOHOJIOTHYECKON Oe30omacHOCTH 2 Kjiacca Thma A B HCIOTHEHHHM ViS-a-vis
(LAMSYSTEMS, Poccusi), ycTaHOBIEHHOM B OIEPAIMOHHON, OOOPYIOBAaHHOM s
MPOBENICHUS BCEX BUJOB MNPOLEAYp OT TMOJNy4YeHHs Ouomarepuana U BBEICHUS
HKCIIEPUMEHTAIBHBIX MPENnaparoB /0 XUPYPrHUECKHMX BMEMIATENILCTB U in VIvo
BU3YyaJIM3alMK OMOIIOMUHECIEHIIUUU OT PENOPTEPHBIX MOJIEKYI.

B xonme mpoBeneHus SKCIEPUMEHTANBHBIX MAHHUMYJSIUNA aHECTE3UI0 OOecreunBalu
MyTeM MOAAa4y )KUBOTHOMY U€pe3 MOJHOJIUIIEBYIO MACKy MTOTOKA BO3AYIIHO-Ta30BOM CMECH,
comepxkapmien 4% wuzodaypana miusd WHAYKIUA U 2% Uil TOAAEpIKAHUS HapKo3a C
ucnonb3oBanuem npudopa 410AP Anesthesia Unit (Univentor, Manbra). MOHUTOpHUHT
apTepUaIbHOTO NaBIICHUS, OKCUTCHAIUH, JJIEKTPOKAPAUOTPAMMBI U YACTOTHI CEPJICUHBIX
COKpAIllCHU BO BpEMsl aHECTE3WH MPOM3BOJWIN ¢ momollpio MoHutopa MIJI-750 VET
(Muxpomiokc, Poccusi). Kpome TOro, MOHUTOpPHHI CEpAEYHOrO pPHUTMa MPOBOIUIICS
BETEPUHAPHBIM BpaduoM C HCIONb30BaHUEM IudpoBoro cretockoma Littmann 3200 (3M,
CIIA) B pexxume ycuiieHus: 3ByKoB B auamazoHe 20—-1000 I'm ¢ akimeHTOM Ha HU3KOM
gactoTHOM auamnazone 20-200 I'm ¢ 24-kpaTHbIM yCHJIGHHEM 3ByKa M (QUIbTpanuen
MOCTOPOHHMX mIyMoB. Hanbornee deTkoe mpociymmBanre ObUIO YCTaHOBJIEHO B 00JIacTu
MPOEKIIMU MUTPATBLHOTO KJIamaHa B JICBOM ISTOM Mexpebdepne.

Nnentudukanuio KUBOTHBIX B OJKCHEPUMEHTaX TMPOBOAMIN C HCIOIH30BAHUEM
noaAKoHbIX paaunouunoB ctanaapta [SO 11784 u 1178 (LifeChip, Destron Fearing, CIIIA)

B KaIICyJiax M3 OMOCOBMECTHMOI'0 CTEKJIa C AHTUMHUI'PAIVOHHBIM ITOKPBITHUCM. Kancyna,
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BBEJICHHAs] TOJKOXXHO B OOJAacThb XOJNKH C COOJIIOJIGHHEM MEp AaHTUCENTHKU, HMela
[IACCUBHBIM TPAHCIIOHJAEP, XPAaHWBIIMKA W MNEPEAABABIIMKA HA CKaHEP MHKPOYMUIIOB
YHUKQJIbHBIM 15-3HauHbli HOMEp. MHUKpPOYHUIT SBISUICS JHEPreTUYECKH ITACCUBHBIM
YCTPOHUCTBOM 0€3 HCTOYHUKA MHUTAHHUS, YTO OOECHeYMBAIO BO3MOXKHOCTH  €ro
WCIIOJIB30BAHUS B TEYEHHUE BCEU KU3HU KUBOTHOTIO.

Omnpenenenue maccol Tena OW mpoBoauiIM ¢ MOMOIIBIO 3JEKTPOHHBIX BecoB Pioneer
PA4102 (Ohaus, CIIIA). Onpenenenne TeMrepaTypbl Tella )KUBOTHBIX MPOBOAMIIN HE Yallle
JBYX pa3 B HEJENI0 PEKTAIbHO HA MOCTOSHHON TITyOMHE 2 CM C TIOMOIIBIO 3JIEKTPOHHOTO
tepmomerpa DT-622 (A&D Company, SAnonus).

Bce skcriepuMeHTaIbHBIE MAHUITYJISILIMM C IPUMATAMU IIPOBOIWIIM B OTIEPAMOHHON IIPU
WCKJIIOYEHUN BHU3YAJIBHOTO W ayJIHAIBHOTO KOHTAaKTa >MBOTHOTO, HAXOJMBIIEIOCS B

OKCIICPUMCHTE, C IPYT'HUMH ) KUBOTHBIMH.

1.2.6 OueHka coCTOSTHHS 310POBbS ’KMBOTHBIX B X0/1€¢ JKCIIEPUMEHTA

OreHKy 001IeTo cocTosHUS 310poBhsi OU exxeTHEBHO MPOBOIUIIN BETEPHHAPHBIC Bpaun
JlaGoparopuu, ee pesynbTaThl ¢ukcupoBanun B Kapre HaOmofeHUs 3a KUBOTHBIMU
(Tabmuma 1). IlapameTpsl, olleHUBaeMbIe B XOJE€ OCMOTpa, a TAKXKE 3HAYUMOCTh TaKHUX
W3MEHCHUH B Oayiax Obuth onTUMU3UPOBaHbI Jyisi OVl B COOTBETCTBHH C STOJIOTHUYECKUMU

XapaKTCPUCTHUKAMU JAaHHOT'O B Aa ITPUMATOB.

Tabmuma 1 — Kapra HabmroeHus 3a )KUBOTHBIMU

PesyabTar
I'pynnsi Baanbl | HaO/moneHus
. CocTosiHue ;JKHBOTHOI'0
noxKasareJjen TsKecTH | (IPOCTABUTH
0aJ11)
Hopma 0
Pacnomnoxenue B
[IpstueTcs B BepXHHX yriax BoJbepa 1
BOJIbEpE
He BeIXOauT U3 1OMHUKA 3
Hopma 0
IloBrBIIIIEHHAA AKTUBHOCTD 1
[ToBrilIeHHAs! aTrPECCUBHOCTD 1
JBurarenspHas [ToHmxeHHas aKTUBHOCTH 1
aKTUBHOCTD, ATakcusi, HEBpPOJIOTHYECKHE CHMIITOMBI  (Tpemop,
TCMIICPaMCHT U3MEHEHUE TIOJIOKEHUSI TOJOBBI, CTEPEOTUINHYHBIC 5
JIBIKEHUS)
Hexenanue nBurarthbcs, omopa Ha KJIETKY, CIOXKHOCTb B 10
JIOCTYTE K BOJIC U MHUIIIE, CYJIOPOTH
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[lonoxxeHne Ha JAHE KIETKW/JOMHUKA C MHHHUMAaJIbHOU 15
peakiuei Ha pa3apaxHuTesnu, KoMa
Hopma 0
Omnopa He Ha Bce KOHEYHOCTH 5
IToza CuauT, MoJpKaB XBOCT 2
TpaBmbl KOHEYHOCTEe! (B 3aBHCHUMOCTH oT 1-10
BBIPAKEHHOCTH)
Hopwma (1-2 M1 Bobl B CyTKH, IOJHBIA PALIMOH) 0
YMepeHHO CHIKEeHHoe NoTpelsieHue (He mnoTpediiser 1
KOPM MEXIY KOPMJICHHUSIMH)
CpenHee cHIKeHHE TOTpeOdeHHs NUIIM (MOTPeOIseT 3
MEHe€ MOJIOBUHBI pallMOHa B CYTKH)
[Totpebnenue [Tonnas norepsi anneTuTa 5
MU U BOJIBI YMepeHHoe CHIbKeHue mnoTpedieHus Boabl (MeHee 1 1
MJI/CYTKH)
[TonHbIi OTKA3 OT BOABL 10
VYMepeHHoe MOBBILIEHUE MOTpedsieHus: Boabl (Oonee 2 1
MJI/CYTKH)
BripaskeHHOE NOBBIIICHHE TOTPEOISHHSI BOIbI 4
Hopma 0
VYmenbiienne oObema (ekanui, CyXxocThb (eKanuid,
Hedexanus u nuapesi, ooecliBeUeHHbIE (peKalnu, yMEHbIIeHne o0beMa 3
MOYEHCITyCKaHUE | MOUYH U €€ 00eCIIBeUnBaHNE
OtcyTcTBHUE Pekanuit 8
AHypus, KpoBb B (peKaIUAX UIM MOYE 10
Hopma 0
Pactpenannas 1IepCTh, BbITa/IEHUE LIepCTH, 3
Koa u mepcte | HEYX0KEHHBIN BHELTHUN BUJ
CblInb, MOKpACHEHUE, KENTYIIHOCTb, IETEXUH, A0CLECCHI, ]
SI3BBI
Hopma 0
HazanbHble BblIeNneHus, CIIOHOTEYEHUE, CIE30TCUCHHE, 3
MOKPACHEHUE IJ1a3, BOCMAJICHUE YIS
Hoc, port, rnaza, =~
rOIOBA [oteps 3y601vs, HE3HaYUTEIbHbIE PaHbl POTOBOI NI0NIOCTH, 3
BIIPABJICHHBIN BHIBUX HUKHEH YENIIOCTH
W30bITOUHOE CIIOHOOT/IENICHUE, CIIOHOOTEICHHE CO )
clieJlaMHi KpOBU
Hopma 0
VYyaieHHoe WK 3aMeJUIEHHOE JIbIXaHHe 3
Kamens, unxanue 8
Hleixanne Opplika; CBUCTSILEE, XPUIIALIEE IbIXaHUE 8
Hepurmuynoe 3aTpyaHEHHOE JAbIXaHHE C OTKPBITHIM 10
PTOM, IIMAHO3, Kallellb C KPOBBIO
prrﬂe Ommcanue: 1-15
W3MEHEHUs

B Kapry HabnroneHust 3a )KUBOTHBIMU BHOCHIIA PE3YJIbTAThI 10 COBOKYITHOCTH HE MEHEE
Tpex HabmoneHui B cyTku. [lepBoe Habmonenue nposoaunu B uatepsaie ¢ 7.00 go 9.00,
710 yOOpKHU BoJIbepa U KOPMJICHHSI )KUBOTHBIX, BTOpoe Habmogenne — ¢ 11.00 xo 12.00 u

tpethe — ¢ 15.00 mo 16.00. Bo Bpems mepBoro m BTOPOTO HAOIIOICHHS OICHUBAIN



30

pacnonoxxenre OU B Bonbepe, moBeieHre, JBUTATEIbHYI0 AKTUBHOCTD U T03Y, IPOBOAMIIN
HapY>KHBII OCMOTp >KUBOTHOTO. [loBEpXHOCTH BOJIbEpa OCMATPUBAIU HA HAJIMYUE CJIEIOB
KPOBHU WJIM MATOJOTUYECKUX BBIICICHUMN, OLICHUBAIN KOHCUCTEHIIUIO, I[BET U KOJIUYECTBO
CBEXEro Kajga W Moud. B xome TpeTrbero HaOMIOACHUS MPOAODKAIM HaONMoJIeHue 3a
MOBEJCHUEM, BO3MOXXHBIMH TpPaBMAMH M  BBIJICNCHUSMH, OIEHUBAIU KOJIUYECTBO
CHEICHHOTO pAaIlMOHA M BBIMUTON BOABI. [IOBTOpHO OlLIEHMBAIM KOHCHUCTEHIIUIO CBEXKETO
KaJla ¥ [[BET MOYHM, a TAaK)Ke UX KOoimmuecTBO. [lo kakaoMy U3 OIEHMBAEMBIX MOKa3aTenen
(buKCHpOBaIN HOPMY, COOTBETCTBOBaBINYIO0 () 0ansIoB, WM MATOJOTUYECKUE OTKIOHEHUS,
olieHMBaeMbie B mpeaenax 1 go 15 Gamnos. bamnel mo BceM mokazaremisiM A KaxKI0ro
KUBOTHOT'O CYMMHUPOBAJIH.

B coorBerctBun ¢ Pekomennanuen komiernu EBpasuiickor 5JKOHOMUYECKON KOMUCCUHT
Ne33 or 14 wnosOps 2023 r. «B DIKCIEepuMEHTax ¢ Ja0OpPaTOPHBIMU KUBOTHBIMU
YCTaHABJIMBAETCS KOHEYHAsh TyMaHHas TOYKa — CaMblii paHHUN WHAMKATOp B
WCCJIEIOBAHUN, YKa3bIBAIOIIMA Ha CUJIBHYIO Oo0ib, JUCTpecc, CTpajaHusl WId
MPUOIMKAIONTYIOCS THOEIh KUBOTHOTO. [lo JOCTMXKEHWHM KOHEYHOW TYMaHHOW TOYKHU
CIeyeT TPHUHITH MEpbl MO MPEKPAIICHUIO BO3JCUCTBHS, MHUHUMAIH3ALUN WU
YMEHBIICHUIO BO3JICUCTBHS Ha CyOBEKT B MCCIIEOBAaHUU (32 CUET PBTaHA3UU KUBOTHOTO,
MpeKpalieHusi 00JIe3HEHHOU MPOLIeTyphl HIIM TPOBEICHUS JICUSHUS 7151 00erdyeHus: 60au u
(wmm) mucTtpecca)». KoHedHyr0 TyMaHHYIO TOYKY JUIsi OOJIBIIMHCTBA WCCIICIOBAHUI
yCTaHaBIMBaIM Ha ypoBHE 15 OamnoB. B ciayuae mocTukeHHs NaHHOTO 3HAYEHUS IS
MPEeIOTBPAIICHHS CTPAJaHNi )KUBOTHOTO OblIa ObI IPOBE/ICHA dBTaHA3MUS MYyTEM BBEICHUS
TpexkpaTHoH n03bl 3oneTuna (Virbac, ®panmms) u pomerapa (Bioveta, Uexwus) ¢

MTOCJICAYIOIINM TTOATBEPKICHHUEM CMEPTH ITyTEM 00ECKPOBINBAHHS.

1.2.7 MeToaANKH OLEHKH reMaToJI0rH4eCKUX U OMOXHUMMYECKHUX mapaMmeTpoB KpoBu

B3sartue oOpasnoB nensHON kpoBu y OU miis reMaTtoaorudeckoro U OMOXUMHUYECKOTO
aHanM3a TPOBOAWIM MyTEeM IMYHKIUU OCIPEHHOM BEHBI C  HCHOJIb30BAaHUEM
TpexkoMmrnoHeHTHbIX mmmpuineB (SFM, I'epmanus) obvemom 2,5 ma ¢ urnamu 27G.
MakcumanbHbI €AMHOBPEMEHHO ToiydaeMmbli o0beM kpoBu y OW wmaccoit 400 r

cocTaBigeT 4 M1, 4To cCOOTBETCTBYET 10% 00beMa UPKyIUPYIOIIeH KPOBH, MTOCIE YETO [
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npenoTBpamieHuss  (GpOpMUpOBaHMS ~ aHEMHUHU  SKHBOTHOMY  HEOOXOAMM  TEPUOJ
BOCCTaHOBJICHHSI POIOKUTEIBHOCTBIO JIBE HECIIH.

Jlnst mpoBeneHusl TeMaToIOTHYECKOTO aHaIn3a MoydeHHbIe 00pa3ilbl LEeTbHON KPOBH
HEMEJJICHHO MEePEHOCIITN B criennanuzupoBanubie mpooupku ¢ Na-2J[TA (Cerebrum, KHP)
U TepeMemuBand 6 pa3 mnepeBopaunBaHueM. Jlis OMOXMMHMYECKOTO aHaiu3a KpPOBb
MEePeHOCUITU B MpoOupku ¢ aktuBaropoM cBepToiBanus (Cerebrum, KHP), nepemermmuBanu u
BbIICpKUBaNu B TeueHre 30 MUH MPU KOMHATHOW TEeMIIEpaType, MOCIe YeTrO CHIBOPOTKY

otnensum nentpudpyruposanuem npu 600 g B reuenue 10 MuH.

1.2.7.1 Memoouka noocuema neiikoyumos 6 kamepe I opsaesa

Xopomio mepeMeniaHHblii Ha JabopaTopHOM IIeikepe oOpasell HCCleayeMOl KPOBH
oovemMom 20 Mkia BHocwiau B 1,5 mu meHTpudyXHYIO NPOOHUPKY C KOHMYECKHM JITHOM
(Axygen, CIITA) ¢ 380 Mk 5% pacTBOpa YKCyCHOM KUCTAOTHI 1 20 MKJT pacTBOpa KpacUTeNs
MetuieHoBbil cunuii 0,5% (Camapamennpom, Poccust). [IpoOy TiiarensHo nepeMennBaiu
Ha 1a00OpaTOPHOM MIeHKepe B TeUeHHE | MUHYTHI U HCCIIEOBAIM HEMOCPEICTBEHHO MOCIIE
nepememuBanus. [lpenBapuTenbHO TOATOTOBICHHYIO kKamepy [opsieea (MunuMen,
Poccust) ¢ mpuTepThIM MOKPOBHBIM CTEKJIOM 3aloJIHSAJIM Pa3BEICHHOM KpPOBBIO U
BBIJICP)KUBANK | MUHYTY AJi MpPEKpalleHus ABMKeHUs kieTok. [Ipu Mamom yBennueHuu
(oxyisip X10, 00BEKTHB X8) MPOU3BOAMIIN MOJACUYET JEHKOIUTOB B 100 60IBIITNX KBagpaTax
KaMmepbl. PacyeT yncia 1eHKOUUTOB OCYIIECTBISIN UCXO0Md U3 pasBeaeHust kposu (20) u
yrcia 6onbpmmx kBagpatoB (100), mo ¢opmyne X = (ax250%20) / 100, rae X — yucmio
JEHKONUTOB B 1 MK KpOBH; a — YHCJIO JIEHKOIMTOB, MOCYUTAaHHBIX B 100 Gombimmx

KBaJpaTax Kamepsl [ opsiesa.

1.2.7.2 Memoouka noocuema spumpouumoe ¢ kamepe I'opsesa

Xopomio mepeMenIaHHblii Ha JabopaTopHOM IIeikepe oOpasell HCCleqyeMOl KPOBH
o0beMoM 20 MKJI BHOCHIH B Mpooupky od0bemom 5 mi (Axygen, CIIA) ¢ 3980 mkin 0,9%
pactBopa NaCl. IIpoOy TiiarenbHO nepeMelnBaii Ha 1a00paTOpHOM ILIEHKepe B TEUEHHUE
| MHHYTBI M HCCIEIOBaIu HEMOCPEICTBEHHO MOCHE MepeMelmnBanusd. [IpeaBapurensHo
MOATOTOBJIECHHYI0 KaMepy l'opsieBa ¢ MHPUTEPTHIM MOKPOBHBIM CTEKJIOM 3arOJHSIIN

Pa3BECHHOM KPOBBIO U BBIACPKUBAIH | MUHYTY T IPEKpALIEHUs ABUKEHHS KiieTok. [Ipu
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MajoM yBenudeHuH (OKyysip x10, 00beKTHB X8§) MPOU3BOAWIN MOACUYET IPUTPOIIUTOB B 5
OOJBIIMX KBajJpaTax, pa3ieleHHbIX Ha 16 manbix (T.e. B 80 ManmbIX KBajpaTax KaMephl).
[TogcyeT KIETOK MPOM3BOAMIMA B KBaJApaTax, PAcHOJIOKEHHBIX MO JHArOHAIU KAMEPBI.
PacueT ymncna 3puTpOLIMTOB OCYIIECTBIISIA MCXOAs U3 pa3BeneHus: kposu (200) u umcna
Maibeix kBaapatoB (80) mo ¢popmyre X = (ax4000%200) / 80, rme X — YUCIO IPUTPOITUTOB
B 1 MKJ KpOBHU; a — YHCIJIO SPUTPOLIMTOB, NOCUUTAHHBIX B 80 MaJbIX KBaJpaTax Kamepbl

I'opsiesa.

1.2.7.3 I1oocuem neitkoyumapuoit gpopmyiot

Jleiikorutapayto (HopMyIy MOJCYUTHIBAIA B CYXHX (PUKCHUPOBAHHBIX M OKPAIICHHBIX
Ma3kax KpoBu. B kauectBe (ukcupyromero areHta wucnoiszoBanu 0,2% pacTBOp
¢duKcaTopa-KpacuTens 303UH-METUJICHOBBIM cuHMM 10 Maii-I'proHBanbpay, B KadecTBe
KPaCHTEIIsI UCITOIH30BAIIA PacTBOp a3yp-203uH 1o Pomanosckomy (0,76 % pactBOp cyxoro
azyp-so3uHa o PomanoBckomy). [loacuer mpou3BOAMIM MO CTaHAAPTHOM METOAMKE C

HUCIIOJIB30BAHHUEM KIIABHIITHOT'O CUCTUYHMKA KIICTOK.

1.2.7.4 Buoxumuueckuit anaiu3 Kpoeu

broxuMudeckuii aHanu3 CHIBOPOTKH KPOBH KUBOTHBIX MPOBOJIMIIH C UCIIOJIE30BAHUEM
aBTOMAaTH3WPOBaHHOTO Onoxmmudeckoro ananmsaropa Cobas ¢ 111 (Roche, IlIBeimnapust) c
U COOTBETCTBYIOMHNX HaOOpoB xkuakux peareHToB (Roche): amanmu-ammuHOTpancdepasa
(AJIT; ALTL), acmaprar-amunotpancepaza (ACT; ASTL), menounas d¢ocdaraza
(ALP2S), o6mmii Oenox (TP2), ansbymun (ALB2), tpurmuuepunst (TG), modeBuHa
(UREAL), amunaza (AMYL2), kpeatunun (CREJ2), o6mmit 6unupyoun (BILT3), npsmoit
ounupyOun (BILD2) u C-peaktuBnsiii 6enok (CRPLX).

KanubpoBka mpou3BoAuiach C MOMOIIBIO KaluOpartopa Juisi aBTOMAaTH3MPOBAHHBIX
cuctem (C.f.a.s., Roche), u kanubparopa 6enkoB 1151 aBTomaTu3npoBanHbix cucteMm (C.f.a.s.
Protein, Roche). /g exxeTHEBHOTO KOHTPOJISI aHATM30B MCTIOJb30BAINCh YHUBEPCATBHBIC
kouTponu PreciControl ClinChem Multi 1 u PreciControl ClinChem Multi 2. 3nauenus

HUKE MUHUMAJIBHOTO YPOBHS I€TEKIINH NMpubopa nmpuHuManu 3a 0.
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1.2.8 I'ucrojiornyeckoe onucaHue NMOCTBAKIUHAJIbLHbIX U3MEHEHHH B .J'll/lM(l)OI/I}IHbIX

opraHax

C uenpio onmucaHusl MOCTBAKIMHAIBHBIX W3MEHEHUH B nuMmdounansix opranax OU B
JaHHOM paboTe UCTIOIB30BANIM CEMb )KMBOTHBIX (TPH CaMIla U YETHIPE CAMKH) B BO3pacTe 2—
5 ner, poauBmuxcs B Jlabopatopun M y4yacTBOBABIIUX B JOKIMHUYECKUX HCCIIETOBAHUSAX
WHAKTUBUPOBAHHON NEIHLHOBUPUOHHON OYHUIIEHHOW COpPOMpPOBAaHHOM BAaKUMHBI TPOTUB
COVID-19 KoBuBak, pe3yiabTaTbl KOTOpbIX NpHUBEACHBI B I 1aBe 3.

3a nBa AHS N0 BBEICHUS TMEPBOM J03bI BAKLUMHBI KUBOTHBIX PAHIOMHU3UPOBAIH C
UCIoab30BaHueM 3J1eKTpoHHBIX Tabmui Excel (Microsoft, CIITA) u paccaxxuBaim momapHO
B KJIETKH. J[IBax bl C MHTEpBAIOM 14 CyTOK B O€ApEHHBIE MBILIIBI TPABOM U JIEBOM HIKHUX
KOHEYHOCTEMW JKUBOTHBIM U3 SKCIIEPUMEHTAIBHOM TPyNIbl BBOAWIU 10 250 MKJ mpenapara
BaKI[MHBI B BUJIE CYCIICH3UU Il BHYTPUMBIIIEYHOTO BBEACHHS (CyMMAapHbIN BBEIACHHBIN
00beM — 500 MK Ha KUBOTHOE). JKUBOTHBIM KOHTPOJILHOW TPYIIIIBI B TE K€ THU BBOJUIU
mpenapaTt 1iamnebo, coaepKaliuii aabIOBaHT, NpUMEHseMbld B BakiuHe KosuBak
(TUAPOOKUCH ATIOMHUHHUS ), TEM K€ IIyTEM, B TOM K€ 00beMe.

DBTaHA3UIO MPOBOJWIH IyTEM MEPEIO3UPOBKHU HAPKO3a (BHYTPUMBIIIIEYHOE BBEJICHUE
TpexkpaTHOH 10361 cMmecu mpenapatoB Kcuma (De Adelaar, Hunepmanne) u 3omerwn
(Virbac, ®panmus) mox n3o¢1ypaHOBON aHECTE3UCH.

JIumbounansie opransl (TUMYC, Cele3eHKA, ME3EHTepUaIbHbIN TUM(ATUYECKUN y3eT U
MaxoBbI JUMQATHUECKUN y3€l, PEerHoHaJbHBIM K MECTy BBEACHHs Ipenapara) ams
TUCTOJIOTUYECKOTO HMCCIE0BaHUs ObUA 3a(DUKCUPOBAHBI Cpa3y MOCIE HEKPOICUU ITyTEM
norpyxenus B 10% 3a0ydepennsiii popmanun (buoButpym, Poccus).

3adukcupoBaHHBIE B TeUEHHUE 48 4aCOB M OTMBITHIE OT (hOpMaJIMHA OPTaHbl MOIBEPrain
CTaHJAPTHOM TUCTOTEXHUYECKOM oO0paboTke [25,26], BKIIOYABHIEH THUCTOJOTHYECKYIO
BBIPE3KY (MOJIy4eHHE PETPE3CHTATUBHBIX (DPAarMEHTOB OPraHOB HEOOXOJIMMOTO pa3Mepa) B
COOTBETCTBUM C PYKOBOJCTBAMHU IO JOKIMHUYECKUM HCCIEAOBaHUAM [27] U mOMeleHue
00pa310B B MapKUPOBAHHBIE TUCTOJIOTMUECKHE KacceThl. Bripe3aHHble 1 MapKUPOBAHHbBIE
o0Opa3lbl OpraHoOB B KacceTax IMOABEPrajuch aBTOMATHU3HPOBAHHON THUCTOJIOTUYECKON
MPOBOJKE, BKJIIOYABIICH MOCIEIOBATENbHYIO JACTHUAPATALNUIO B  IMOBBIIIAIOIINXCA
KOHIIEHTpAIMsAX 3TaHOJA M B KCWJIOJE, 3alMBKy B mapaduHOBYyI0 cpeay «Histomix»

(buoButpy™m, Poccusi) ma 3amuBounoii cranuum Leica EG1150H (Leica, I'epmanusi) c
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dbopMHpOBaHMEM MAPKHUPOBAHHBIX Mapa(UHOBBIX OJOKOB U MHUKPOTOMHUIO 3TUX OJIOKOB C
oOpa3ziiamMu Ha poTarmoHHOM MukpoTtoMe Leica RM 2245 (Leica, 'epmanus) ¢ nonydeHuem
napauHOBBIX CpPe30B TOMIMHON 3 MKM. Cpe3bl TMMQPOUIHBIX OPraHOB MOHTHUPOBAIU Ha
MPEIMETHBIX CTEKJaX, BBICYIIMBAIH, JAemapaUHUPOBAIHN, TUIPATHPOBAIN, OKpAIIUBAIIN
KBAaCI[OBBIM TE€MaTOKCUJIMHOM M BOJHO-CIHPTOBBIM 303uHOM (buoButpym, Poccus) u
3aKII0Yalld TOJ TOKPOBHBIE cTekina B cpeny BioMount (Bio-Optica, Urtamus) npns
MOJIYYeHHS TOCTOSIHHBIX THCTOJIOTHYECKHUX MpernapaToB. Bee rucronoruyeckue npemnapars
MPOXOJUIN KOHTPOJIh KadecTBa Ha Haimuuyue apredaktoB [28] mog MHUKPOCKOTIOM U
OTNPABISUINCh HA THUCTOJIOTHYECKOE HCCIEAOBaHME, MOP(OIOTUYECKUA aHalu3 |
MuKpodoTorpapupoBanue crnenuanuctoMm-nmaromopdonaorom. C onHoro 610ka moryvanu
1—4 penpe3eHTaTUBHBIX CPE3a HAJIEKAILETO KAaYeCTBA.

["'oTOBBIE Cpe3Bl AHATM3UPOBAIIH TI0JI CBETOBBIM MHKpPOCKOTIOM Zeiss Axio Observer Al
(Carl Zeiss, I'epmanusi). PenpesentatuBHble MUKpOdOTOrpaduu Moaydaid € MOMOIIBIO
KaMmephbl BeIcOKoro pazpemienus Digital Microscopy Camera AxioCam 305 B mporpaMMHOM
oOecrnieuenuu Zeiss Zen 2 lite blue edition (Carl Zeiss). O6pabotky muxpodortorpadpuii u
COCTaBJICHHE TIAHEJCH MPOBOAMIN C HCHOIB30BAHUEM MPOTPAMMHOTO OOECIeYeHUs
AxioVision v.3.0 (Carl Zeiss) u GIMP (S. Kimball, P. Mattis, CIIIA).

ABTOp BBIpaXaeT OJaroJapHOCTh PYKOBOJIUTENIO J1a0OpPaTOPUH THUCTOJIOTHYECKUX
uccnenoBannii IHCTUTYTa cuHTEeTHYeCKOU Onosorun u renHor nmwkenepun OI'BY «1ICIT»
OMBA Poccum u HaydHOMY COTPYOHHUKY JIaOpaTopuu TMOJUOMHUEIUTAa U APYTHX
SHTEPOBUPYCHBIX MHPeKIul ¢ pedepeHc-nieHTpoM BO3 mo Ham30py 3a MOIMOMHUETUTOM
OI'AHY «®HIUPUIT um. M.II. YymakoBa PAH» (MacturyT nonunomuenuta) k.6.H. O.C.

["anuapoBoii 32 00pabOTKy ¥ ONMUCAHUE THCTOJIOTHYECKUX MPENapaToB.

1.2.9 CraTucTuuecKkuii aHaju3

Bo3pacT camMOK Ha MOMEHT pOAOB, BBDKHBAEMOCTh IOTOMCTBA B HEOHATaJIbHOM
MEPUOJE, a TAKXKE MHTEPBAIIBI MEK/y POJIaMH IIPEACTABIEHbI B BUJE CPEHETO 3HAUYCHHS U
cragaaptHoro otkioHeHus (CO). CTaTuCTUYECKYI0 3HAUYMMOCThH Pa3IMyuil MapaMeTpoB
reMaToJOTUYECKOTO M OMOXMMUYECKOTO aHalu3a KPOBU OILICHMBAIM C HCIOIH30BAHHUEM
kputepusi Manna-Yutau B mporpamme Prism 9 (9.3.0) (GraphPad, CIIA). Paznuuus

cyuTaiy 3HaYuMbIMU Tipu p < 0,05.
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1.3 Pe3yabTaThbl

1.3.1 Pa3BeneHune 00bIKHOBEHHBIX HTPYHOK B J1a00PAaTOPHBIX YCJIOBHAX

C 1enpro JOATOCPOYHOTO TUTAHUPOBAHUS SKCIIEPUMEHTAIBHBIX pabOT ¢ TPUMEHECHHEM
OUN neoOxoammo OBLIO HWCCIAEAOBATH MTUHAMHUKY HApAaCTaHUS YHUCIECHHOCTH KOJIOHWU B
yCcIoBUsIX J1abopatopHOro coaepxkanus. s 3Toro Oblia MpOBEIEHA OICHKA CPEIHEro
BO3pacTa CaMOK Ha MOMEHT IMEPBBIX POAOB, CPEAHEr0 UHTEPBAJIa MEXKIY POJIaMH, a TAKKE
CpPEHEr0 KOJNYECTBA BIKUBIIUX JETCHBIIICH HA OJHU POJBL.

PerpocniekTuBHOE MCCe10BaHNE TIPOBOIMIIN HA OCHOBAHHUH JIAHHBIX HAOIIOAeHUS 3a 23
poauBmumucs B Jlabopatopuu camkamu OU, y xotopsix ¢ 2015 mo 2023 rr. B oOmiei
CJIIO)KHOCTH mpou3ouuio 69 ponos. Pe3ynbraThl OLIEHKH CpPEIHEr0 BO3pacTa CaMOK Ha

MOMCHT IICPBLIX POJOB, 4 TAKXKC CPCAHCTO HMHTCPBAIa MCIKAY POJaMHU IMPCACTABJICHBLI Ha

Pucynke 3.
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Pucynokx 3 — Pe3ynbrarhl HaOMIOACHUS 32 POJIaMU Yy CaMOK OOBIKHOBEHHBIX MTPYHOK B
YCIOBUSIX Ja0OpPaTOPHOTO cojepkaHus. PO30BBIMH OKpPYXHOCTSAMH O0O3HA4Y€H BO3PacT
camok (n = 23) Ha MOMEHT NepBbIX poaoB (A). UepHbIMU OKPYKHOCTAMU OOO3HAUYEHBI



36

uHTepBaNbl Mexay poaamu (n = 46) (b). BepTukaabHBIMH CIUIOIIHBIMUA JUHUSMU
0003HauEHbI CPEe/IHEE U CTAaHIAPTHOE OTKIOHEHHE

Cpennuii BO3pacT caMOK Ha MOMEHT MepBbIX posioB coctaBmi 37 (CO 12,2) mecsres,
MUHUMaTbHBIN — 24,2 mecsamna (Pucynok 3A). [lonydenHble pe3yabTaThl COOTBETCTBYIOT
paHee OomyOJIMKOBAaHHBIM JAHHBIM O TOM, YTO IMOJIOBOE co3peBaHus y caMok OU HacTtymaer
B BO3pacTe MOJyTOpa JIET, a CPEIHUI BO3PACT MEPBOro 3a4aTus COCTaBisieT 2,5 roaa [4].

Cpennunii uatepBan mexay poaamu coctasui 220,1 (CO 102,9) cytok, mpu 3Tom B 21
u3 46 ciydaeB ponbl HacTynanu dyepe3 148—158 cyrok nocne npeasiaymux (Pucynok 3b).
[TockombKy TpOMOKUTENHHOCTE OepeMenHocTn y OU cocraBmsier B cpemnem 143—144
CyToK [4], Hambosnee yacTo HAOIIOJAEMBIM MHTEpBaI MEXIy pogamu B 148—158 cyrtok
CBUJIETEIHCTBOBANI O TOM, YTO HOBOE 3a4aThE MPOUCXOUIIO B TEUCHHUE OJHOU-BYX HENIEIh
MIOCJIE POJOB.

B 0061eit ci1oKHOCTH 3a UCCIIeyeMbIi IEPUOT OJHU POABI TPOU3ONLUIH y 7 U3 23 CaMOK,
nBoe — y 4, Tpoe — y 8, 4eTBepo pojoB — y 2, BoceMb poaoB — y 1 u 14 pogoB y 1

(Pucynok 4).
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Pucynok 4 — KonmuecTBO M MPOIEHTHOE OTHOIICHHWE BHDKUBIINX JICTEHBINICH HA OJHU
POJIBI Y CaMOK OOBIKHOBEHHBIX HTPYHOK B YCIOBHSX J1a00paTOPHOTO coaepkaHusl. YepHbIMU
OKpYX)HOCTSIMU 00o3HaueHbl poasl (N = 69), Ha neBoil ocu Y OTOOpakeHO KOJIMYECTBO
BBDKHBINUX JICTCHBINICH HA OIHH POABI. 3€IEHBIMH CTOJNOIAMU 0003HAYEHO MPOICHTHOE
oTHOIIeHUe (TpaBasi och Y) BBDKHBIIUX JCTEHBINICH K OOIIEMY KOJIHUYECTBY JIETCHBIIICH,
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PONMBINIUXCS Yy JMaHHOW CaMKH 3a Bech mepuoj HaOmogeHus. Ha ocum X oToOpaskeHBI
MTOPSAKOBBIE HOMEPA CAMOK M 00IIee KOJIMIECTBO POIOB Y KaXKI0# camku. BepTukamsHbIMU
JUHUASMH O0O3HAYCHBI CpPEIHEE KOJWYECTBO BBDKUBIIWX JICTCHBINICH W CTaHAAPTHOE
OTKJIOHEHHE

BBDKUBIIMMEU CUMTANIA BCEX JIETEHBINIEH, MPOIIEAIINX HEOHATAIBHBIN MEPHO/I, TAK KaK
CMEPTHOCTh TOCJIE€ 28 CYTOK JKM3HU IMOJHOCTBIO OTCYTCTBOBaja. OCHOBHOW MPUYMHOMN
CMEPTH JETEHBIIIeH ObUTH HapyHIeHUs pabOThl JKEMyA0YHO-KHUILIEYHOTO TPAKTa B MEPBbHIE
TPOE CYyTOK mocie poAoB. [leTeHspimeil, MOruOImMNUX B HEOHATAILHOM NEPHUOJE, YIUTHIBAIN
KaK MEpPTBOPOXKACHHBIX. Takum 00pa3oM, CpeiHEe KOJIMYECTBO BEDKHUBIINX JETEHBINICH Ha
OJIHH POJIBI B X0J€ Tiepruoaa Habmoaenus cocrtabmio 1,45 (95% AU 1,24-1,66), npu sTomMm
3HAYUTEIBHO PA3IUYasICh MEXY OTACIbHBIMA CAMKAMHU.

3a nepuoa HaOIIOAEeHUST HauboJee YacThM pe3ynbpTatoM poaoB (N = 69) y camokx OU B
YCIOBUSIX TaOOPaTOPHOTO CoJEp KaHMs ObLIO pokaeHue AByX nerenbiei (31/69). Onun
KUBOM nereHblmn poxauics B 20/69 cmyudaeB, Tpoe — B 6/69. B 12 ciyuasax pomsl
3aKOHUYMJIUCH TMOSIBICHUEM OT | 10 5 MEPTBOPOXKIIEHHBIX JETEHBIIICH WM UX THOENIbIO B
TEYEHHUE TMEPBBIX TPEX CYTOK.

3HauMMble W3MEHEHMsS TUIOJAOBHUTOCTH y CAMOK OTCYTCTBOB&JIM KaK MHUHHUMYM IO
BOCBMBIX-JIEBATBIX ~ POJOB, OJHAKO JaHHBIA BBIBOJ TpeOyeT JOMOIHHUTEIHbHOTO
MOATBEPXKACHUS, TaK KaK 3a Mepuoj HaOJIOJACHHS TOJIBKO Y JIBYX CaMOK M3 23 TPOU30ILIO0

0oJiee YeThIpex pPoOoB.

1.3.2 Onpenenenne ONITUMAJILHOTO BO3pacTa BKIIOYCHUSA 00bIKHOBEHHbIX HIPYHOK B

IKCIICPUMECHTDI

Jns ompeneneHusi ONTUMAIbHOTO Bo3pacTa BKIoueHuss OW B sKCHEpUMEHTHI IO
W3YYCHUIO CHEHU(PUIECKON aKTHBHOCTM HWMMYHOOHOJIOTHYECKUX TIpernapaToB, Oblia
MpOBE/CHa OICHKAa JMHAMHKKA Habopa Macchl Tela KUBOTHBIMHM, POJUBIIUMUCSA B
Jlabopatopumu.

B ampene 2023 roma B TeueHue HeAenu OBUIO MPOBEJACHO B3BelIMBaHue 69
coneprkasimxcs B Jlaboparopun kuBoTHBIX (37 camiioB u 32 caMKH B Bo3pacte ot 2,6 mec.

10 9,6 net). PesynbpraThl npuBeaeHs! Ha Pucynke S.
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Pucynox 5 — Macca Tena u BO3pacT OOBIKHOBEHHBIX HIPYHOK, COJEpP>KaBIIMUXCS B

Jlaboparopuu. O61Iee KOTUIECTBO )XUBOTHBIX — 69; camrioB 37, caMok 32

B pe3ynbrare sxcniepuMeHTa ObLIO YCTAaHOBIICHO, YTO Hanbomee ObIicTpo Macca Tena OU
HapacTaja B TeU€HHUE MepBbIX nosryropa jet xku3nu. K 18—20 mec. Macca Tena >KMBOTHBIX B
cpeniem gocturaiia 400 T ¥ ocTaBajach Ha TOM € YPOBHE y BCEX HCCIIECIOBAHHBIX
YKUBOTHBIX B BO3pacTe 10 9,6 neT. 3HaYMMBbIX pa3Indmril MEeK/y MacCOM Tela CaMI[OB U CAMOK

BBISIBIICHO HE ObLIO (kputepuit Manuna-Yurtau, p = 0,08).

1.3.3 Onpenesienne pedepeHCHBIX 3HAYEHNI TeMATOJOTHYECKOTr0 U OMOXUMHUYECKOT0

aHaJIu3a KpoOBH

N3yuenue crenuduueckoid aKTUBHOCTH MPOTUBOBHUPYCHBIX BAKIMH C MPUMEHEHHUEM
OW, conepsxkaBmIUXCSl B JIAOOPATOPHBIX YCIOBHIX, TPeOOBAIO ompeaeneHus pedepeHCHBIX
3HAUEHUN TOKa3aTeNe TeMAaTOJIOTHYeCKOr0 M OMOXMMHMYECKOrO aHallh3a KpPOBH, T.K.
OIMyOJIMKOBaHHBIE PEePEPEHCHBIC MOKA3aTeNN 3a4acTyi0 ObUIM MOJy4YeHbl HA OCHOBAaHUU
UCCJEIOBaHUS OWoMarepuana, B3ATOrO0 Yy HEOONBIIOrO0 KOJWYECTBA JKUBOTHBIX,
COJIEPKAIIUXCS B OTKPBITHIX BOJIbEPAX B MUTOMHHUKAX U 300MapKax.

C uenbto ompezaeneHus pedepeHCHBIX 3HAYCHHM MOKa3aTesled TreMaToJIOTHYeCKOTo
anamu3a y OU, cogepkaBmuxcs B JJaboparopuu, ¢ mas 2020 o aexadps 2021 rT. B 0011eH
CIIOKHOCTH OBbUTH B3ATHI 00pa3iel kpoBu 38 OU (26 camroB u 12 camok) B Bo3pacte 2—5

net. Pe3ynbrarsl puBeneHsl Ha Pucyske 6.



39

Sputpouutsl, *10°6/mMkn
Neikouunter, *1043/Mxn
B
Numdpountsl, %
H

== CermeHronaepHeie HeATpounel, %

=]

Camupi Camkun Camup! Camkn B Camup! Camkn Camubt Camkn

>

%
N
3
@
&

“

HeWT

~
Monouuntsl, %
Baszodunsl, %

JoauHopunel, %

(= 1
0 RO 00+ 0.0
ﬂ Camust Camku F, Camup! Camku Il\ Camupt Camkn 3 Camuyb! Camkm

Pucynox 6 — KonuuectBo sputporutoB (A) u neiikorutos (b), a Taxke qoms muM@ponnton
(B), cermenTosinepubix HelTpodunos (I'), manoukosaepubix HeUTpoduiios (1), MOHOIIUTOB
(E), 6a3odunos (OK) u r03uHO0P1II0B (3) B IelKoUTApHOU (POpMyIie KPOBU OOBIKHOBEHHBIX
urpynok (N = 38), comepxkaBmuxcs B JlaGopartopun. ['opu3oHTanbHBIMH JTUHUSMU
MOKa3aHbl cpeiaHue 3HaueHHs. CTaTUCTHUYECKYI0 3HAYUMOCTh Pa3IMYUi HUCCIEeIyEeMBIX
napamMeTpoB MEXIY CaMIlaMH U CaMKaMH OLIEHUBAJIU C UCIIOJIb30BaHUEM KpuTepus MaHHa-
Yutan. ** — Craructudecku 3HaguMbIe pazaundus (p < 0,05)

Cpennee xonmuecTBO 3puTporuToB B KpoBu OU, comepxaBmuxcs B JlaGoparopuu,
cocTtaBuiio 6,6 (4,1-9,2) MitH KIeTOK/MKI; NeiikonuToB — 7,8 (3,9—15,3) ThIC. KIIETOK/MKIIL.
B neitkorurapuoit popmyne cpemnsis mons aumdonmToB coctaBuia 32,8 (10-60)%,
CErMEHTOsAIepHBIX HeUTpomioB — 61,8 (37-89)%, nanoukosaepubix HeiTpodunoB — 0,8
(0-3)%, monorutoB — 4,3 (1-8)%, 6azodmro — 0,2 (0-1)%, s03uHOPUIOB — 0,1 (0—
1)%. YV caMOok B KpOBH B CpeJHEM HAOIIOJANOCh OOJbllee KOJMMYECTBO JEHKOIUTOB
(xputepuii Manna-Yutau, p = 0,0047), ueM y camii0B. CTaTUCTHUECKH 3HAUMMBIX Pa3IMIni
B 3HAYCHHUAX APYTHX MapaMeTPOB KPOBU MEXKAYy CaMIlaMU U CAMKaMH BBISBIIEHO HE ObLIO.

C muenpro ompeneneHus pedEpeHCHBIX 3HAYCHHWH TIOKazaTeler OMOXUMHUYECKOTO
ananusa kposu y OU, conepsxapmuxcs B JIaboparopuu, OlieHUBaIN YPOBEHb KpeaTUHUHA Y
20 >xuBoTHBIX (10 camioB u 10 camok), TpuriunepuaoB — y 12 XUBOTHBIX (5 caM1IoB U 7
CaMoK), aMmuia3bl — y 8 )XKUBOTHBIX (5 camioB u 3 camok), C-peakTUBHOTO Oenka — y 26
KUBOTHBIX (21 camen u 5 caMOK), OCTaJIbHbIE MapaMeTPhl OLICHUBAIH y 38 )KHUBOTHBIX (26

camioB u 12 camok). Pe3synbraTel npuBenensl Ha Pucynke 7.
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Pucynox 7 — PesynpraThl Omoxumuyeckoro ananusza kpoBu OU, comepxaBimxcs B
Jlabopatopuu. IlpencraBnenst ypoBHM obmiero Oenka (A), ansOymuna (b),
anannHamuHoTpancdepassl  [AJIT] (B), acmapraramunorpancdepasst [ACT] (1),
mienouHoi ¢ocdarassl (1), amunassl (E), MmoueBunst (0K), kpearununa (3), TpUrianuiepuioB
(1), obmero 6unmupyouna (K), mpsmoro ounupybuna (JI) u C-peaktuBHoro 6enka (M).
VYpoBHU KpeaTnHHHA onpeaeisiiin y 20 )KUBOTHBIX, TPUIIIHLEpUIbl — Yy 12, aMmunazy —y 8,
C-peakTuBHBIl Oenok — y 26; ocTtanbHble mMokazarean — y 38. ['opu30HTaNbHBIMU
JUHUSMHU TI0OKa3aHO cpeaHee 3HadeHuWe. CTaTUCTHYECKYH) 3HAYUMOCTh — Ppa3IMuUid
UCCIEYyEMBIX MapaMeTpPOB MEXKJy CaMIlaMd M CaMKaMH OLICHUBAIN C HWCIOJIb30BaHUEM
Kkputepus ManHa-YuTHH

Cpennee conepkanue oOmiero Oenka B ChiBOpoTke KpoBu OW, comeprkaBmmxcs B
Jlaboparopuu, cocraBmio 71,3 (65-77,8) v/m; anpbymmua — 44,8 (38,7-53,58) r/m;
aktuBHOCcTH AJIT — 8,0 (2,4-24,3) en./m; ACT — 182,8 (84,3-316,1) en./;m; menounoi
docdarazer — 106,5 (46,7-199) en./m; amunazer — 885,7 (732,9-964) en./n; conepkanue
mouyeBuabl — 4,8 (1,6-8,8) mmomnw/n; kpearmamHa — 51 (37,3-61,4) MKMOIB/T;
tpurnuuepuaos — 1,22 (0,48-2,17) mmons/n; obmiero ounupyouna — 0,8 (0—2) MKMOJIB/IT;

npsimoro Ounupyouna — 0,4 (0-1,2) mxmouns/n; C-peaktuBHoro 6enka — 2,3 (1,6-3,4)
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Mmr/n. CTaTUCTUYECKH 3HAUYMMBIX Pa3Iu4Hiil B OMOXMMUYECKHUX MTapaMeTpax KPOBU y CaMIIOB
Y CaMOK BBISIBJICHO HE ObUTO (KpuTepuit Manna-Yurtau, p > 0,05 1u1st Bcex mokasatenei).
Takum oOpa3oM, Ha OCHOBAaHWM WCCICIOBAaHMUS MaTepHayia, IMOJTYy4YEeHHOTo OT 38
3I0POBBIX B3POCHBIX JKHUBOTHBIX, POJMBIIMXCS U TIOCTOSHHO COJEPKaBIIUXCSA B
Jlabopatopuu, ObUIM YCTaHOBJIECHBI pedEepeHCHBbIC IOKa3aTeNd T'eMaTOJOTUYECKOTO U
OMOXMMHUYECKOTO aHaldn3a KpPOBU, KOTOPbIE MOTYT OBITh HCIOJNB30BAaHBI B XOJ€

HCCIIeIOBAaHUNA 0€30MacCHOCTH MMMYHOOHOJIOTHYECKUX TTpenapaToB Ha moaemn OU.

1.3.4 HccienoBanne NMOCTBAKIHUHAJIBbHBIX H3MEHEHHMH B CTPYKType JUM(OMIHBIX

opraHoB 00bIKHOBEHHBIX HI'PYHOK

B Xome  [OKIMHWYECKHX  HMCCIECAOBAHWKW  WHAKTUBUPOBAHHOW  OYMIICHHOMU
IETLHOBUPUOHHON copOupoBanHOW BakiuHbl mnpoTuB COVID-19 KosuBak 0but0
MPOBEICHO THUCTOJOTUYECKOE UCCIeNOBaHWe JUM(OUIHBIX OpPraHOB Yy YETHIPEX
BaKI[MHUPOBAHHBIX (OJMH CaMell U TPU CaMKH) M TPEX KOHTPOJBHBIX ([IBa camIila M OJIHA
camka) OU B Bo3pacte 2-5 ner. OxapaktepuzoBaHa Mopdojorudeckas CTPyKTypa
TUM(GOUIHBIX OPTaHOB Yy YKMBOTHBIX, MOJYYMBIIHUX Mpernapar mianedo, a TakKe OMUCaHbI
W3MEHEHHUS MHKPOCTPYKTYpPhl ~ THMyCa, CENE3eHKH ¢  JUM(PATUYECKUX  Y3IIOB,
HaOIr0AaBIIMECS B X0/1€ GOPMHUPOBAHUS CIEIIU(PUIECKOTO MOCTBAKIIMHAIBHOIO HMMYHHOTO
OTBETA.

Mopgponozusa numgpouonvix opzanoeé KonmpoavHvix yHcusomuvix. Tumyc (PucyHok
8A) ObLI COXpaHEH Y BCEX )KMBOTHBIX. MOP(HOIOrHUecKH JETKO pa3indainch 00Jiee CBETI0e
MO3TOBO€ M 0oJjiee TEeMHOE KOPKOBOE BEIIECTBO OpraHa. AKIHJEHTabHAs (CTpeccoBas)
WHBOJIOIMS KOPKOBOTO BEIIECTBA THMycCa OTCYTCTBOBaja WM Oblla BbIpa)KeHa
MHUHHMMAaJIbHO, KaK M JINIIOMATO3 KOPKOBOT'O BEIIECTBA. | HICTOJOTMYECKN CTPOCHUE OpraHa
COOTBETCTBOBAJIO OIMCAHHOW B JIMTEpAType BHUAOBOM Hopme [29], B TOM uucue
MPUCYTCTBOBAJIM Teabla ['accans MO3roBoro BeIeCTBa.

B ceneszenke (PucyHox 8B) KOHTPOJBHBIX MPUMATOB OBLIO BBISIBJICHO MPAaBUIHHOE
CTpoeHue Oelol W KpacHOM NyJNbNbl: aTpoduueckue U AUCTPOPUUYECKUE H3MEHEHHS
OTCYTCTBOBAJIM, MATOJOTUYECKOE pACIIMPEHHE 30H Oenod MmyJbIbl HE HaOIIOAANIOCH,
KpacHas Myjbla Oblla YMEPEHHO MOJHOKpOBHA. Makpodaru cene3eHKH KOHTPOJIbHBIX

JKNBOTHBIX HC ICMOHCTPHUPOBATIN BAKYOJIHU3aAlIUU UMW BUAUMOI'O HAKOIINICHUS KOMIIOHCHTOB
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agploBaHTa (Tels TUAPOOKUCH altoMHUHHS) 00 WHBIX BemecTB. Mopdonoruueckue
MPU3HAKH MHUEIIOUAHONW METaIljla3uu KPAaCHOM MyJbIIbI Y BCEX MCCIEIOBAHHBIX KUBOTHBIX

OTCYTCTBOBAJIH.

P »;u’)g?)\! L RPN I

Pucynoxk 8 — Jlumdounusie opramsi OW, mnomyuuBIIMX UEIbHOBUPUOHHYIO

nHakTuBUpoBanHyto BakuuHy KosuBak (b, I, E), B cpaBHeHMH C KOHTPOJbHBIMU
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KUBOTHBIMU, mNony4yuBIIuMu Iwianedo (A, B, H): tumyc (A, b), cenezenka (B, I),
pernoHapHblii  (maxoBeiii) mumdartundeckuit yzen (I, E). Crpenku ykas3piBaroT Ha
TepMHUHATUBHBIEC LIEHTPHI B KOPKOBOM IUIATO JUM(pATUYECKOTO y37a U B MAHTUMHOW 30HE
0enoil mymbIibl cene3eHkn — obnactu T-3aBucumoro B-ummyHorenesa. ['ematokcunus u
s03uH, yBenundeHnue: xX100. Macmrabnas nuHelika 200 MkM

VY KOHTPOJBHBIX XUBOTHBIX MaXOBBIA JTUMGPATUUECKUN y3€J], PErHOHAPHBIM K MECTY
BBeeHus iane6o (Pucynok 8/1), 6b11 MOCTPOEH MPaBHIIBHO, COCTOSUT M3 KOPKOBOTO IJIATO,
MapaKOPTUKAIBHOW 30HBI C MEAYJUIAPHBIMH TsDKAMH M CHCTEMBI CHHYCOB. Y BCEX
WCCJIEIOBAHHBIX )KMBOTHBIX JUM(PATUUECKUN y3€] HE MMEN MaTOJOTHYeCKUX M3MEHEHUH,
COOTBETCTBYSI MOP(OIOTUYECKH BUIOBOI HOpME.

MesentepuanbHblidi TuM(aTUUECKHid y3el (He MOKa3aH0) KaK y BAKIIMHUPOBAHHBIX, TaK
U y KOHTPOJIbHBIX >KMBOTHBIX HE MMEJ OCOOEHHOCTEH M MAaTOJOTHYECKUX H3MEHEHUU U
JEMOHCTPUPOBaAI MOPGOJIIOTHYECKHE NPOSBICHUS HMMYHOT€HE3a: SIPKO BBbIpaKCHHBIC
TepMHUHATUBHBIE (CBETJIbIE) LIEHTPHl B KOPKOBOM IUIATO M MHUHHUMAJIBHO BBIPAKCHHBIN
TUCTHOLIUTO3 KPA€BOT'O CUHYCA, YTO SIBJISIETCSI HOPMAJIbHBIM OTpa)KeHHUEM (DYHKIIMH OpraHa,
MOJIYYAIOIIETO MOCTOSHHYIO aHTUTCHHYIO0 CTUMYJISIIIUIO U3 KUIICUHUKA.

Mopgonozusa numgpoudnvix o0pzano6 EaAKYUHUPOCAHHBIX MHCUEOMHBIX. THUMYC
BaKIIMHUPOBAHHBIX XUBOTHBIX (PucyHok 8b) Mopdonornuecku He oTauyaics OT TUMYyca
KUBOTHBIX, MOJY4YaBIIUX Mpernapar miane6o. TuMyc sSBIsSETCS NEPBUYHBIM JTUMGOUTHBIM
OpraHoM, B KOTOPOM IpPU AaHTHUIE€H-OMOCPEAOBAHHOM B-MMMyHOTeHe3e HE BO3HUKAIOT
MophohYHKITHOHATHHBIC H3MCHECHMUS.

B HekoTopbIx 00pa3iax cene3eHku, B3AThIX OT BakuuHHpoBaHHBIX OU (Pucynox 81),
oOHapy>keHO (HOpMUPOBAHNE TEPMUHATUBHBIX (CBETIIBIX) LICHTPOB B MAaHTHITHOM 30HE Oesioi
MyJbNbl. JTa KapTuHa Mopdosjorudecku orpaxkaer T-3aBHUCHMBIA B-uMMyHOTeHe3, 4TO
COOTBETCTBYET (POPMHUPOBAHHUIO MOCTBAKIMHAIBHOTO OTBETa. B ocCTalbHOM CTpoeHHE
CEJIE3EHKU OBLIIO TAKUM XK€, KaK Y KOHTPOJIBHBIX KUBOTHBIX. B Makpodarax MapruHanbHOR
30HBI M KPAacHOM MyJbIbI CENEe3€HKH BAKIMHUPOBAHHBIX >KMBOTHBIX OTCYTCTBOBAIIU
BaKyOJHM3alldsd WM BHAMMOE HAKOIUIEHHE KOMIIOHEHTOB BAKIMHBI, T€Ns TUIAPOOKUCHU
AIOMUHUS 100 MHBIX BEIIECTB.

YV BaKIIMHUPOBAHHBIX MPUMATOB MAXOBBIN TUM(PATHUECKUHN Y3€Il, PETHOHAPHBIN K MECTY

BBeneHus BakuuHbl (Pucynok 8E), umen mpaBuiIbHOE CTPOECHHE, COCTOSIT U3 KOPKOBOTO
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J1aTO, MAPAKOPTUKAIBHON 30HBI ¢ MEAYJUISPHBIMHU TSXKaMU M CHCTEMBI CUHYCOB. B HeMm
HAOJIOMANNCh BBIPAXKEHHBIE B pa3HOM cTerneHn MophoGyHKIMOHATBHBIE MPOSBICHUS
MMMYHOTEHE3a: BOSHUKHOBEHHE T'€PMUHATUBHBIX (CBETJBIX) LIEHTPOB B KOPKOBOM ILIATO
(Tak Ha3piBaemas B-3aBucumas 30Ha AUMGATHYECKOTO y37a), a TaKK€ MHHHMAJIbHBIN
TUCTHOLIUTO3 KPaeBOTO CHHYCA, YTO COOTBETCTBYET (DOPMHUPOBAHUIO MOCTBAKIIMHAILHOTO
OTBETa U MOP(OJIOTUYECKH CXOIHO C COOBITUAMH B TUM(ATUUECKHUX y37aX YelOBeKa Mpu

AHTUTCHHOM BOBHCﬁCTBHH.

1.4 O6cyxnenue

OOBIKHOBEHHAS! HTPYHKA — BHJT 00€3bSIH-IHIEMHKOB, OOUTAIOIIUX B TPOITMYECKOMN 30HE
aTJIAaHTUYECKOTO MOOEpekbs ceBepo-BocTouHOM bpaszunuu. B nukoii npupoge OU xuByT
CEMBSIMH, COCTOSIIIUMH U3 YCTOMYMBOM Napbl )KUBOTHBIX U ©X MHOTOYMCIEHHOIO TOTOMCTBA
[30]. B rpymnmax wHaOmogaeTcs JOMUHHPOBAHHME OJHOW CaMKH C TIOJaBICHUEM
PENPOIYKTUBHOM aKTUBHOCTH OKPY>KAIOIIUX CaMOK, 0OCOOCHHO MaTepeit Haja nodepsamu [4].
[Tpurmon OM cocroutr u3 1-3 aeTeHbIIEH, KOTOpPHIE YK€ HAa TPETUH MECSI] KU3HU
cTaHoBsTCS caMocTosTenbHbIME [31]. OU BenyT nHEBHOM 00pa3 )KM3HU U OOUTAIOT B TYCTHIX
BEPXHUX U CPEJIHUX SIPyCax KPOH JINCTBEHHBIX AEPEBHEB, CNACAACH OT 3MEM U XUIIHBIX NTHULL.
Pannon nutanus OU B ecTecTBEHHOM cpeie OOMTaHUsI COCTOUT M3 HACEKOMBIX, IPEBECHOTO
sKccyaaTa (KaMeIn) Kak OCHOBHOT'O UCTOYHUKA YHEPTUH, a TAK)KE NTHYBUX SIUI] U CE30HHBIX
¢bpykTos [31].

Oronoruueckue OCOOCHHOCTH BHAA OBLIM YYTEHBI B XOA€ pa3paOOTKH METOAMK
nabopaTtopHoro coaepxkanus OU: nepnoandHOCTh BKIIOYEHHS] OCBEUICHUS B MTOMEIICHHIX
JUISL pa3BEIEHUs >KUBOTHBIX COOTBETCTBOBAJIA MPOJOJLKHTEIBHOCTH CBETOBOIO [JHSA B
pernoHax ux oOUTaHUs, COCTaB CEMEHHBIX TPy COOTBETCTBOBAT HAOIIOJaEMOMY B IUKOU
MIPUPO/JIE, a BEICOKHE BOJIHEPHI IO3BOJISUIN YKUBOTHBIM IIEPEMEILATHCS B BEPXHUE OTIEINBL, T.€.
peanu3oBbIBaTh MOBEJCHYECKUN KACKaJ, CBA3aHHBIA C IIOMCKOM YKpPBITHS MpH
npuOMMKeHnn omacHocTr. Mcmonssyemslii B JlabopaTopum paruoH oOecreunBal
notpedHoctr OU B 6enkax, kupax, yrieBojax ¥ BATAaMUHAX, IPU 3TOM I10 SHEPTeTUUECKON
IIEHHOCTH U O€JKy OH HECKOJBbKO IMPEBBIIIAN PALMOHBI, OMyOINKOBAHHBIC 3apyOeKHBIMU

aBTopamu [31,32].
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B pesynbrare Habmonenus 3a 69 pomxamu, npousomeamumMu y camok OU, poauBmmxcs
B JlaGoparopuu ¢ 2015 mo 2023 rr., ObUT ONIpEeAEeH CPEIHHUI BO3PACT CAMOK HA MOMEHT
MEPBBIX POJOB, CPEIHUN HMHTEPBAT MKy POJaMU, BBDKUBAEMOCTH JIETEHBIIICH M KHHETHKA
HapacTaHHWs MAacChl Tella J>KMBOTHBIX C BO3pPacTOM, 4YTO B COBOKYIHOCTH TIO3BOJISIET
VOPABJISATh UYUCICHHOCTHIO KOJIOHMM B 3aBUCUMOCTH OT OJKCIIEPUMEHTANbHBIX 3ajad.
CornacHo MOJIy4eHHBIM JIAHHBIM, B CPEHEM OJIHA CAMKa MPUHOCHUT OKOJIO 2,4 NeTeHBIIIEH
B roa (C y4eToM TOTO, YTO B CpPEJHEM Ha OJHM POAbI MpUXoAsATcs 1,45 BBDKHMBIIMX
JCTeHBIIIEH, a CPeAHUM MHTEpBall MEXIy pojamu coctamiseT 220,1 cyTok), mpu 3TOM
YCKOpPEHHE IUHAMUKH HapacTaHus 4uciaeHHocTh Kononun OW mpu maGopartopHOM
COJIEP )KaHUHM MOXET JOCTUTaThCsA KaK 3a CYET COCTaBJICHHUS MAKCHMAaJbHOTO KOJWYECTBA
nap, Tak U myteM oTOOpa Hambojee IUIOJOBUTHIX CaMOK. BbIIM yCTaHOBIEHBI CpeIHUN
BO3paCT CaMOK Ha MOMEHT TMEpPBBIX pPOJOB, CPEAHMM HMHTEPBAI MEXAY POJAMH,
BBDKMBAEMOCTh JICTEHBINIEH ¥ MHUHUMAIBHBI BO3pAacT BKIIOYEHHUS JKUBOTHBIX B
AKCIIEPUMEHTHI, UYTO B COBOKYITHOCTH MO3BOJISIET MPOBOAUTH AOJATOCPOYHOE TIIAHUPOBAHUE
JUHAMUKA HApacTaHWsI YUCJICHHOCTH KOJIOHMU B 3aBUCUMOCTH OT JKCIIEPUMEHTAIbHBIX
3azad.

3aKIr0YeHne 0 MUHUMAJIBHOM BO3PACTe BKIIOYCHHS KUBOTHBIX B SKCIIEPUMEHTHI OBLIO
OCHOBAaHO Ha JABYX (pakTopax. Bo-mepBbIX, HA OCHOBaHHH PE3yJIbTATOB OLIEHKH BO3pacTa
CaMOK Ha MOMEHT TMEpBBIX POJOB OBbUI YCTaHOBIEH BO3pacT moioBo3penoctu OU,
coctaBuBIINi 19—20 MecsIeB, YTO COOTBETCTBYET paHee OMyOIMKOBAHHBIM JAaHHBIM [4].
Bo-BTOpbiX, ObUTa €AMHOBPEMEHHO OIleHEHa Macca Tena 69 KUBOTHBIX, POJUBIIUXCS B
JlabopaTopumu.

Onenka Macchl Tena SBISETCS BaXHEHIIMM (PakTopoM mpu MoadOpe KUBOTHBIX IS
HKCHEPUMEHTOB, T.K. y OU, kak u y OOJBIIMHCTBA APYrHuX JaO0OPAaTOPHBIX >KUBOTHBIX,
MCXOJIS U3 MAcChl Tella PaCCUYUTHIBACTCS BO3MOXKHBIA 00BEM €IMHOBPEMEHHO 3a0MpaeMoi
KpoBU. JKMBOTHBIE 0€3 OCIIOKHEHH MEPEHOCAT B3sTHE U3 OeApeHHoi BeHbl 10 10% o0bema
MUPKyIupyromiei KpoBH (1% Maccel Tena) ¢ mocIeIyOmNUM BOCCTAHOBUTEIIBHBIM TIEPHOIOM
MPOJOJDKUTENBHOCTEIO 14 cyTok. B Xxome pabor, ommMcaHHBIX B JTaHHOW TrjaBe ObLIO
YCTaHOBJICHO, YTO ONTUMAJIBLHBIN BO3PACT BKIIOUECHHSI )KUBOTHBIX B OKCIIEPUMEHT COBIAIACT
c omucanHbiM paHee Tardif W coaBT. BO3pacTOM HACTYIUICHHS MOJIOBO3penocTu [4].

EI[I/IHOBpeMeHHOe B3BCIIMBAHUC )KUBOTHBLIX PAa3HOT'O BO3pacTa IMO3BOJINJIO MUHUMHU3UPOBATH
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BIIUSIHUE CE30HHBIX M3MEHEHU mMacchl Tena OU, Takux Kak JJIUTEIbHOCTh CBETOBOTO JHS,
TeMIlepaTypa BO3yXa, U3MEHEHHS] HICTOYHUKA (DPYKTOB JJIsi IPUTOTOBJICHUS] KOPMOB U T.JI.

HccnenoBanust  cnenupuUUYecKOl  aKTUBHOCTH  NPOTUBOBUPYCHBIX  BAKIHMH  C
npumeHeHueM OU, poauBIIUXCS U BBIPAIICHHBIX B JTAOOPATOPHBIX YCIOBHSX, TpeOOBaIU
ompeneneHus  pedepeHCHbIX ~ 3HAUEHHWW  TOKa3aTeleld  reMaToJOTHYECKOTO U
OMOXMMUYECKOTO aHaln3a KpoBu. Ha MOMEHT mpoBeaeHusI SKCIIEPUMEHTOB, OMMCAHHBIX B
nanHoi rnaBe (2020-2021 rr.), ObuiM OMyOJHUKOBAaHBI PpE3yJbTaThl EIUHUYHBIX
WCCJIEIOBAaHUM, OMHUCHIBABIINX pedepeHCHbIe IMOKa3aTelld TeMaTOJOTUYECKOro U
OMoXUMHYECKOTO aHanmm3a KpoBu sadopatopubix OU [33]. Bomee Toro, B mampHEHIIEM
Kramer u coaBT. B OOMMpPHOM HCCIAEAOBAHMHM OBLJIO TOKAa3aHO, YTO IapaMeTphl
reMaToJOTUYECKOTO U OMOXUMHUYECKOTO aHann3a KpoBH 370poBeiXx OU MOTYT 3HaYUTENHHO
pa3nuYaThCs B PA3IMUYHBIX MTUTOMHHUKAX JaXXe MPHU €IUHOOOPAa3UU YCIOBHUM CONEPKAHUS U
HCMOJIb3YEMbIX aHAUTUTUYECKUX METOJIUK [34].

Amnanmm3 o0pasnoB, B3ATHIX OT 38 340pOBEIX camIloB U camok OU B Bo3pacte 2—5 rer,
MO3BOJIMJI  ONPENETUTh YPOBHU OCHOBHBIX TI'E€MAaTOJIOTHYECKMX U OMOXMMHUYECKHX
nokazareneid KpoBU. CTaTHUCTHYECKM 3HAYMMBbIEC PA3IUYMS MEXKAY CaMUIaMH U CaMKaMu
HaOJII0IaTMCh TOJIBKO IS KOJIMYECTBA JICUKOIMTOB (Kputepuit Manna-Yutau, p = 0,0047).

UccnenoBanust 0Oe30macHOCTH W crenM(UUEeCKOW  aKTHBHOCTH  BAaKIMH  HA
JOKJIMHUYECKOM d3Tane TpeOYIT MPOBEIEHUS THUCTOJIOTHYECKOW XapaKTepUCTHUKU
M3MEHEHHUI B TUM(QOUAHBIX OpraHax, MPOUCXOISIINX B pe3yJbTaTe BakIMHAIMU. B xone
paboT, ONMMCaHHBIX B JIAHHOM IJIaBe, ObLIa MPOBEACHA THCTOJOTHYECKAs XapaKTEPUCTUKA
mumpouansix opranoB O B HOpMe, a Takxe IMOCIE€ BBEJICHUS HWHAKTUBUPOBAHHOU
ETLHOBUPUOHHOM copOrpoBanHO# BakuuHbl TpoTuB COVID-19.

Ha rucromornueckoM uccieoBaHUM B MO3TOBOM BemiecTBe Tumyca OU nabmronanuck
tenpia laccamss — CKOIUIGHHMS KOHIICHTPUYECKH PACIONIOKEHHBIX H303WHOPUIBLHO
OKpAIIEHHBIX TEPMHUHAIBHO AU(P(HEPECHIIUPOBAHHBIX SMUTEIUAIBHBIX KJIETOK, YTO JeNIaeT
tumyc OU mopdonorudecku CXOAHBIM C TUMYCOM ueloBeKka. M3BecTHO, 4TO y TPBHI3yHOB,
HanOoJee YaCTO UCTIOIb3YEMbIX B JOKIMHHUYECKUX U IKCIIEPUMEHTANIbHBIX UCCIEI0BAHUIX
JEKapCTBEHHBIX IPENapaToB, B TOM YHCJE BaKLUH, CTPOEHUE TUMYyCa OTIMYAETCA OT
TaKOBOT'O Y YE€JIOBEKa B OCOOCHHOCTH B 00JIACTH MO3TOBOT'O BEIIECTBA. Y MBIIIEH U KPBIC B

MO3TOBOM BeIIecTBe THMYyca Tenbia ['accans orcytetByroT [35]. Takum 0O6pa3om, ctpoeHune
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TUMYyca KOHTPOJIbHBIX OM cOOTBETCTBOBAJIO BUAOBOW HOpME, MPU ITOM MOP(OIOTUUECKU
tumyc OU nposiBiisn 607bIIee CXOICTBO C TAMYCOM YeJIOBEKa, YeM TUMYC IPBI3YHOB.

Jpyrum Ba)XHBIM TUCTOJIOTUYECKUM HAOIIOIEHHEM, OTMEUEHHBIM B XOJI€ POBEICHHOM
paboThI, SBISUIOCH OTCYTCTBHE Y HcciaeqoBaHHbIX OW MuenonaHoN MeTamia3uu KpacHOU
IyJIBIIBl CENE36HKU. MMUEIONIHON MeTamua3uerd Ha3bIBalOT COCTOSHHUE, NPHU KOTOPOM
MOpP(OJIOTUYECKHE TPU3HAKKM KPOBETBOPHOW TKAaHM BO3HUKAIOT BHE KOCTHOTO MO3Ta,
HarpuMep, B NIEYeHH Uiu cene3eHke. Ciaeayer 3aMeTUTh, YTO Y YeJIOBeKa BO3SHUKHOBEHUE
TaKMX U3MEHEHHH B CEJIE3EHKE OTPaKaeT HAIMYHUE MATOJIOTHYECKOTO MpoIecca , B TO BpeMs
KaK y MbIIIEH yMEPEHHBI YPOBEHb MHEIIOMJHOM MeTara3zuu — HopMma [36,37]. ¥V OU
CHEKTP (POHOBBIX MATOJOTHYECKUX U3MEHEHUH celie3eHKU Oojiee OIU30K K YeJIOBEKY, MPU
ATOM HAJIMYUE MUEJIOUIHON MeTaria3uu KBATUPUIUpPyeTcs Kak (OHOBOE MaTOJIOTHUECKOe
cocTostHUE [38], BOZHHKAET KaK KOMIIEHCATOPHBIA MPOLIECC U CUTHAIU3UPYET O HAJTUUUHU
MaTOJIOTMYECKUX U3MEHEHUM, KaK MPaBUJIO, KpOBOTEUEHUH, K KOTOpbIM cKJIOHHBI O [39].
N3menenuss B cenezenke OW B TakoMm ciywyae mpoiie KBaau(UIMPOBATH B XOJE
JOKJIMHUYECKUX UCCIEAOBAHUN HIMMYHOOUOIOTUYECKHUX MTPENapaToB, HEXKEIHN Pe3yIbTaThl,
noJiy4aeMble MpH paboTe ¢ cene3eHKaMH MBIIIEBUIHBIX TPHI3YHOB.

Kpome mepeuncrneHHbIX JUMQOUIHBIX OpPraHoB, B Xoae paboTbl  ObLIK
MPOAHATU3UPOBAHBI TPETUYHBIC JIUM(POUIHBIE Y3€IIKH CIU3UCTBHIX 000JI0UYEK, B TOM YHCIIE
[lefiepoBbl ONAIIKM KHUIIEUYHHWKA U JUMGPOHUAHAS TKaHb, aCCOLUMHUPOBaHHAas C OpOHXaMU
(bronchus-associated lymphoid tissue, BALT). Mopdonorus naHHBIX OpraHoB
COOTBETCTBOBaJia BHUJOBOM HOpME M ObUIa CXOJHA C AHAJOTUYHBIMU TPETHYHBIMHU
TuMGOUIHBIMUA OpTaHAMU YeJIOBEKa, YTO MOATBEPKAATI0 JaHHBIC TUTEpatypsl [40].

Takum oOpa3oM, OBUTM OXapaKTEPH30BaHBl HW3MEHEHHWs, HAOIIOJABIINECS B
mumpouansix opranax OW B pesynpTate BaKIMHAIMM C  HCIOJIb30BAaHHUEM
WHAKTUBHUPOBAHHOM 1EIbHOBUPUOHHON BakuuHbl 1npotuB COVID-19. Ilomydenst
CBUJIETENIbCTBA BBICOKOM CTEMEHU CXOJCTBA CTPYKTypbl JuMdougnsix opranoB OU c
YeJIOBEYECKUMH B HOPME, a TaKKe B X0/1€ (POPMUPOBAHUS MOCTBAKIIMHATHLHOTO HMMYHHOTO
OTBETA.

[lony4yenHsle AaHHBIE TO3BOJSIIOT yTBEepXkAarh, uTo OW, BeIpamieHHbie B
M30JMPOBAHHBIX JTA0OPATOPHBIX YCIOBUSX, HCKIIOYAIOMHNX (POHOBYIO HH(EKIIHMOHHYIO

MaTOJIOTHIO, SBIISIOTCS aleKBATHOW J1TA0OPAaTOPHON MOCNBIO, MO3BOJISIIONIEH C BBICOKHUM
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YPOBHEM JIOCTOBEPHOCTH XapaKTEPHU30BaTh MPOGUIL 0E30MacCHOCTH WM CHEeIH(PUICCKON

AKTUBHOCTHU IIPOTHUBOBHUPYCHBIX BAKIIWH B XO0AC JOKIMHUYCCKHUX HCCHGHOB&HHﬁ.

1.5 3akiaouyeHue riiaBbl

B xome paboT, ommcaHHBIX B JaHHOW TIJaBe, OBUIM pa3paboTaHbl MOIXOIbI K
JUINTETFHOMY  JIa0OpaTOpHOMY  cofepKaHuto U pasBeaenutro OW, ycraHOBIEHBI
pedepeHCHbIE 3HAYEHHS OCHOBHBIX T€MAaTOJIOTMUECKHX U OMOXMMHYECKUX IOKa3aTelen
KPOBH, OIICHMBAa€MBIX B XOJI€ JOKIMHHUYECKUX HCCIEAOBAHUN HMMYHOOMOIOTHUYECKHUX
MpenaparoB, a TAaKKe MPOBEACHO THCTOJOTMYECKOE OMUCAHUE CTPYKTYPhI JTUM(OUTHBIX
OpraHoB B HOPME U B X07¢ (OPMUPOBAHUS MOCTBAKIIMHATILHOTO HMMYHHOT'O OTBETA.

brnaromaps psay 6MoIOTHYIecKUX 0COOCHHOCTEHN BIA, @ TAKKE HATHIHUIO OTPAOOTaHHBIX
METOJIMK COJEpKaHusA, pa3BEJCHUS U dKCIIEpUMEHTaIbHOU paboTel, OU, conepxaiuecs B
JlabopaTopuu, aKTHBHO HCIIOJIb30BaTach B OMOMEIMIIMHCKUX HCCIEIOBAHMSIX, BKIIOUAs
JNOKJIMHUYECKUE UCCIEAOBAaHNS MHAKTUBUPOBAHHOMU [41,42] u ageHOBHPYCHON BEKTOPHOMU
[43] BakumH npotuB COVID-19, aneHOBUpPYCHOW BEKTOPHOM BAaKUHMHBI IPOTUB
OJIM>KHEBOCTOYHOTO ~ PECIUPATOPHOTO CcuHApoma [44,45], a Takke KaHIUJATHOMN
PEKOMOMHAHTHOM BaKIMHBI MPOTHUB renaruta E [6].

OnucanHbie B JaHHOM riaBe pe3yJbTaThl OMyOIUKOBaHbI B )kypHane Acta Naturae [46],

a TaKXKe MPEJCTaBICHBI HA PsIIe MEKIYHAPOJAHBIX U POCCHICKUX HAYYHBIX KOH(pEPEHIUH.
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IUTABA 2. Pa3zpa0oTka MeTOAMK OLEHKH CIeH(PHUIECKOr0 NOCTBAKINHAIBHOIO
T-KJIETOYHOI0 U JIOKAJIBHOI0 MYK032JJbHOI'0 HUMMYHHOI0 OTBETA

Yy 00bIKHOBEHHBIX HI'PYHOK

2.1 O0630p JuTEpPATYPHI

[Mangemuss COVID-19 mnpomeMoHCTpHupoBaiga OCTPYIO HEOOXOAMMOCTh B HOBBIX
TEXHOJIOTUAX U HMHPPACTPYKType, MO3BOJISIONIMX B KpaTdallne CpoOKd pa3padaTbiBaTh
BaKI[MHHBIC MpEnaparbl MPOTHUB HOBBIX M BO3BPAIAIOIIMXCA BUPYCHBIX 3a00JEBaHUU.
BnepBeie Obur mMpokKo puMeHEHbl reHetndeckue [47,48] u BekTopHBIC [49] BaKIMHBI,
MPOJIEMOHCTPUPOBABIINE BHICOKYI0 IMMYHOT€HHOCTb, XOPOIIYI0 IEPEHOCUMOCTbD, a TAKKe
BO3MOXHOCTh OBICTPOTO HAJIAKMBAHUS ITUPOKOMACIITAOHOTO MPOU3BOACTBA. [I0CKOIBKY
SARS-CoV-2 mnpenMymecTBeHHO MNPOHUKAET B OPraHU3M Yepe3 DJMUTEINI BEPXHUX
IBIXaTENbHBIX TMyTeH, Takxke ObU1 paspaboran psng BakuuH npotuB COVID-19 ¢
WHTpaHa3aJdbHBIM BBEJCHHEM, HAIIEJICHHBIX HAa HMHAYKIMIO MECTHOTO MYKO3aJIbHOTO
MMMYHUTETA BO BXOAHBIX BOpoTax uHpexiuu [50].

BaxxHelmuM OTIMYMEM T€HETHYECKUX U BEKTOPHBIX BAKIMH OT BAKIWH HA OCHOBE
WHAKTUBUPOBAHHBIX BUPYCOB U PEKOMOMHAHTHBIX OEJIKOB SIBISETCS MPOAYKIIHS BAKIIMHHBIX
aHTUTEeHOB [51] BHYTPHU KJIETOK BAaKIMHUPYEMBIX JIMI], OOECIECYNBAIONIAsl OCYIIECTBICHUE
aJICKBaTHBIX  MOCTTPAHCISAIMOHHBIX  Moaudukamuii.  [lomoOHO  KUBBIM WU
aTTeHYUPOBAaHHBIM BHpPYyCaM, TAKHUE BAKIMHBI OOECIEYMBAIOT AHTUTCH-TIPE3CHTALMIO B
konTekcre Monekyn MHC kak II, tak u [ kmacca, obecrneunBas BbIpaOOTKY aHTHUICH-
ciermprugeckux CD4" u CD8' T-kmerok (CD — xiactep auddepeHIIMpOBKH;
MOBEPXHOCTHBIE AHTUTEHBI), T.€. 3P(HEKTUBHYIO aKTHUBAIMIO KaK TYMOPAIbHOTO, Tak U T-
KJIETOYHOTO aJIallTUBHOTO UIMMYHHOT'O OTBETa, B TO BpEeMsI KaK aHTUTEHBI, JJOCTaBIICHHEIE B
dbopme pekoMOMHAHTHOTO Oenka, OOBIYHO MHAYIHUPYIOT MPEUMYIIECTBEHHO aHTUTEIbHBIN
otBeT [52]. Takum 00pa3om, ucciienoBaHus O€30MACHOCTH U CHEIU(PUIECKON aKTUBHOCTH
BAaKI[MH HOBOTO TIOKOJICHHWS Ha JOKJIMHUYECKOM OJTane TpeOyloT HaIW4YUs XOPOIIO
OXapakTEepPU30BAHHBIX JaOOPATOPHBIX >KUBOTHBIX IS aJCKBATHOM OLIGHKH YPOBHS
aKTHUBAIIMM BCEX 3BEHBEB IMOCTBAKIIMHAIBHOTO AJAlTUBHOIO MMMYHHTETA, BKJIIOYAs Kak

CHUCTEMHBIN T'yMOPAJIbHBIN, TaK U T-KJIE€TOYHBIN UMMYHHBIN OTBET.
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Opranbl uMmMyHHOU cucteMbl OU MOpdoIornueckn CX0kHu ¢ 4eIOBEYECKUMHU (CM. II.
1.3.4), omHaKO TaK)Ke UMEETCS PsiI 3HAYUMBIX BUOBBIX OTINYHI. AHAIN3 aMHHOKHCIOTHBIX
nocienoBaTenbHocTel 30 TeHOB, CBA3aHHBIX C UMMYHHOM cUCTeMOi, mpoBeaeHHbIi Kohu u
COAaBT., ITOKA3aJ, YTO YPOBEHb UJICHTUYHOCTH YEJIOBEUYECKUX F€HOB € UX oprosoramu y O
B cpemHeM coctaBisier 86%. Ilpu sToMm mocienoBaTenpbHOCTH OenkoB demoBeka u OU
OJIMHAKOBO OTJIMYAIOTCS OT MOCJIEA0BATEILHOCTEN OPTOIOTUYHBIX OEIKOB MBIIIIH, 3 YPOBEHb
UICHTUYHOCTH MOCIIEIOBATENBHOCTEN YEIOBEUECKUX OCIKOB ¢ OEIKaMU MBIIIA COCTABUI B
cpeaaem 60% [53]. I'ensr T-kieTouHOTO perenTopa deaoBeKa B 0OJACTU CBSI3BIBAHMS C
anturenoM (CDR3-FR4) u coorBerctBytomue reusl OU umeror 6omee 90% romomnoruu [54].
B renome OW Obimu uMACHTH(PUIUPOBAHBI MOCIEIOBATEIHHOCTH T'€HOB, OPTOJOTUYHBIX
KOKIOMY M3 IMATH KJIAaCCOB HMMMYHOIIIOOYNMHOB uyenoBeka [55]. Tem He MeHee,
uMMyHOTI00yHbl OU UMEIOT U psii BUIOBBIX 0cOOeHHOCTEH. Tak, B MOC/IeI0BATEILHOCTH
IgD orcyrctByer 3x30on CH2 [55], a I[gG OU, mo BuAMMOMY, MPEACTaBICHBI OJHUM
HU30TUIIOM [56].

OU mpencraBisioT coOOW HCKIIOUEHHE W3 OOIIEro MpaBHiia CTAOMIBHOCTH JIOKYCOB
MHC «knacca I y mnpumaroB [57,58] U He HMMEIOT JIOKYCOB, TOMOJIOTUYHBIX T€HaM
yenoBeueckux yenkonutapubix antureHoB (HLA)-A u HLA-C ugenoBeka. B To xe Bpems
OMU umeroT renbl, romosiornynbie yenoeueckum HLA-B, HLA-F u HLA-G [59], npu sTom
MHC-G (Caja-G) OU rereporeHHbl U CIOCOOHHI K npe3eHTanuu aHTureHoB [60]. JIokychl
MHC xknacca I OU o61amar0T orpaHnueHHON H3MEHYUBOCTHIO TPU OTHOCUTENIBHO BBHICOKOU
4acTOTE CMEHBI IOKOJIEHUH, YTO MPUBOJUT K HU3KOMY YPOBHIO HJIM ITOJIHOMY OTCYTCTBHIO
pa3IuYMii MMMYHHOTO OTBETa Ha HWH(MEKIMOHHBIE U OIYXOJEBbIE AHTUTEHBI MEXKIY
OTAENbHBIMU TipeacTaButensiMu Buaa [61]. NU3menunBocth siokycoB MHC knacca I OU
TaKkK€ BECbMa OTpaHWYEHa, MPU 3TOM OHU (YHKIHUOHAIHHO CXOXHU C OPTOJIOTHYHBIMU
reramu MHC xnacca II (HLA-DR u HLA-DQ) uenoseka [9]. Takum o6pa3om, B 1ieioM
MOJIEKYJIIPHBIE CTPYKTYpPBl aHTUTE€HpAacTO3HAONMX MoJiekyal OW Onu3ku K 4enoBeYeCKUM
[59].

OU BocmpUMMYUBHI K BHUPYCHBIM 3a00JIEBaHHSIM, MOPaXAIOMMUM Jojen [62-64], B
YaCTHOCTU K MH(EKIUIM, BbI3BAHHBIM OHKOTEHHBIMH BUpycamu [65—68]. Pannue paboThl,
BBISIBUBIINE MOBBIIICHHYK BOCHPUUMYMBOCTH OW K OHKOr€HHBIM BHpyCaM, HAlUIA

MMOATBCPIKACHUC B OKCIICPUMCHTAX MO0 UX 3aPaKCHUIO J'II/IM(i)OTPOHHBIMI/I reprnecBupycamu C
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MOCJIEAYIOIINM CIIOHTAHHBIM (POPMHUPOBAHUEM OITyXOJEBBIX HOBOOOpazoBaHuii [69-71].
CxonHble CIOHTaHHBIE HOBOOOpa30BaHus HAOIIOJAI0TCA Y JIroael mpu tuMmdome bepkurra
1 HazodapuHTeaTbHON KapuuHOMe, 4To nenaeT OW 1eHHONH MOJEeIbIo IS TECTUPOBAHUS
COOTBETCTBYIOIIUX MPOTUBOBUPYCHBIX U UMMYHOTEPANEBTUUECKUX MPENapaToB, BKIIOYAs
npouIakTHUEeCKNe W TepaneBTUYECKHe BakIHMHBL. HecmoTps Ha ayTOpenHyio mpupoay
AKCIIEPUMEHTAIBHBIX TPYIII, UCCIEIOBAHUS CHIEU(PUIECCKON UIMMYHOT€HHOCTH BaKIIMH Ha
OU mo3BONAIOT MOJIy4aTh BOCTIIPOM3BOAUMBIE PE3YIbTAThl MO MPUYUHE HUZKOTO YPOBHS
TeTepPOT€HHOCTH UMMYHHOTO OTBETA y OTACIbHBIX JKUBOTHBIX.

XapakTepucTuka CIeNu(PUIECKOr0 MOCTBAKUIHWHAIBLHOTO T-KIETOYHOTO HUMMYHHOTO
OTBETa, a TaKXK€ UCCIeNOBaHUA O0€30MacCHOCTH HMMMYHOOHOJOTUYECKUX TPErnapaToB
TpeOyIOT  HaJIW4Yus  METOAUK  JOCTOBEpHOW  nuddepeHumanuu  CyOnmomynsuui
MoHOHYKJIeapoB nepudepuueckoir kpoBu (MIIK) mabGopaTopHBIX >KMBOTHBIX U OIICHKU
craryca uX akTuBanuu. (OCHOBHBIM HCIIOJNB3YEMBbIM JJI A3TOTO METOJAOM SIBISIETCS
npoTouHasi HUTOMeTpusi ¢ okpammuBanueM MIIK MoHoknoHanpHBIMH aHTHTENaMu K CD
aHTUT€HAM W BHYTPUKIETOUYHBIM IUTOKHHAM. HecMOTpsi Ha BBICOKHI yPOBEHb TOMOJIOTHUHU
MapKEpPHBIX MOJIEKYJ KJIETOK MEXAY YEJIOBEKOM M 00e3bsSHAMHM, ObLIO MOKAa3aHO, YTO P
KJIIOHOB KOMMEpYECKH JOCTYNHBIX aHTuTed mpotuB CD aHTUTEHOB dYelOBeKa HeE
CBSI3BIBAETCSI C OPTOJOTMYHbIMU aHTureHamu OU [12—-14].

B pesynbrare paboT, ONMMCaHHBIX B JAHHOH TJIaBe, ObLT OCYIIECTBIICH MOAOOP KIOHOB
(bIyOpecleHTHO MEUEHHBIX aHTUTEN, HEOOXOAUMBIX i nudPepeHnnanuu cyonomyasui
mumporutoB OM, a Takxke orpaboTaHa METOAMKA OIECHKH CHEHU(UYECKOTrO
MOCTBaKIMHANBHOTO T-KieTouHOoro oTBeTa B TuMornponudepatuBaom Tecte. Kpome toro,

OBLTH TI0TOOPaHBI KJIIOHBI AHTUTEI )1 AeTeKIuu [gA B Onomarepuae, momrydeHHom ot OU.

2.2 MeToanbl

2.2.1 JIabopaTopHbIe :KUBOTHbIE

PaGotsl o monbopy kmoHOB aHTHTEN It Auddeperuanun cyononysauuidi MITK OU
ObUTM TPOBEJEHBI C WCIOJB30BAaHUEM OOpa3loB MEIbHOM KpPOBU, MOJYYEHHBIX OT
KUBOTHBIX, POAMBIIMXCA WU TOCTOSIHHO cojaepxaBiuxcs B JlaGoparopun. [leranbHbie

YCJIOBHA COACPIKAHNA OI/I, PEKUM KOPMIICHUS, YCIIOBUS IPOBCACHNA SKCIICPUMCHTAJIBbHBIX
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MaHUITYJISIIUN, METOIUKN UAECHTU(UKAIIMHN U ONPEACIICHNUS MAcChl U TeMIIEpaTyphl Teja, a
TaK)Ke€ METOJIMKA OLICHKU OOIIETO COCTOSHUS KHUBOTHBIX B XOJ€ AKCIIEPUMEHTA OMUCAHBI B
I'maBe 1. UtoroBas uncnennocts OU, ucnonp3zyeMbix B pabore — 8 ocobeit (3 camiia u 5
camok) B Bo3pacte oT 23 mo 48 mecsneB maccoir 360—400 r. Upentudukaropsr (ID)
KUBOTHBIX B TaOJMUIIaX COOTBETCTBYIOT YETHIPEM MOCIECIHUM HHU(PpaM KOAa MOAKOKHOTO
paguouuna.

Pa3paboTka METOAMKN OLEHKH CHEIU(PUIECKOTO MOCTBAKIIMHAIBHOTO T-KJIETOYHOTO
orseta Ha OU, a Takxke moadop KIOHOB aHTuTeN Ans aetekuuu IgA OU mpoBoaumucs ¢
MCIIOJIb30BaHUEM OMoMarepuasna, MOJYyYeHHOTO B XOJ€ HCCIeNOBaHUM crenuduueckon
akTUBHOCTHU BakiuHbl CriyTHUK V, pazpabortanHoii B PI'BY «HULIOM um. H.®. IN'amanen»
MunznpaBa Poccuu. CoctaB BakmuHbl W Tpemapara Iuianebo, cmocod BaKIWHALWA
KUBOTHBIX M MOCJEAyIoIIee Ha0mMoAeHne noApoOHo onucansl B ['nase 3.

[Tpotokon uccnenoBanus Obut 000peH dTHUecKkuM KomutetoM GI'AHY «OHIIUPUIIT
uM. MLI1. YymakoBa PAH» (MHcTUTYT onMoMuenuTa). Y XyAleHui B COCTOSIHUU 37J0POBBS
KUBOTHBIX B TEUEHHE JABYX HEAENb IOCIE MOMy4YeHHUS OOpasloB LETbHOW KpOBHU HE

Ha0JIr01aJIOCh.

2.2.2 UmmyHoOdepMeHTHBbII aHAIH3

Kitonsr anTuTen k snuromnam anbda-menn [gA genoseka 3B7, 1B12, 10G11, 2ES, 2BS5,
1H9 u 3B4 6b111 mpejocTaBieHbl PyKOBOIUTEIEM Ja00paTOPUU THOPUIOMHOM TEXHOIOTHU
OI'bY «PHIPXT wmm. ak. A.M. I'panoBa» MunszapaBa Poccumm 1.0.H., mpod. M.IL
CamoitsioBHY.

PaGotbl mo BBIOOPY KJIOHOB aHTUTEN, pacno3Haromux I[gA OW, Obuin mpoBeAeHbI
coBMmecTHO ¢ coTpyanukamu ®I'BY «HUIIOM um. H.®. N'amanen» Munzapasa Poccuu
k.0.H. A.Ill. /IxapymnnaeBoii u k.6.H. A.W. TyxBary1uHbBIM.

PexomMOuHaHTHBI O€JIOK, COOTBETCTBYIOIIUMA PEIENTOP-CBA3BIBAONIEMY JIOMEHY
(RBD) S-6enka SARS-CoV-2 (B.1.1.1., ®I'BY «<HULIOM um. H.®. 'amanen» Munznpasa
Poccum; 100  Hr/mynka) copOupoBamu Ha  96-IyHOYHBIE  IUIAHIIETHI IS
ummyHopepmenTHoro ananuza (MDA) c Beicokoit copbimonnoit emxocTsio (Costar, CIITA)
B KapOoHaTHO-OnKapooHaTHOM Oydepe (ITanDko, Poccus; pH 9,6) n makyOuposanu npu +4

°C B Teuenwe HouM. Ha crmemyromuii eHb IUIAHIIETHI TPYOKIBI MPOMBIBaIU (hocdaTHO-
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coneBeiM Oydepom (Sigma Aldrich, CIIIA), comepxamum 0,05% Tween 20 (TPBS,
[Tymuuckue maGoparopun, Poccus) OmokupoBamm ¢dochaTHO-coneBbIM Oydepom ¢
nobGaBneHueM 1 wMr/mu  OblYbero  ChIBOpOTOYHOrO anbbymuua (Humasm, Poccus),
nHKyOupoBanu 1 4 Ha Tepmoteiikepe (Biosan, Jlatsus) npu 37 °C ¢ nepememmBanuem (300
00./MuH) 1 cHOBa TIpombiBaiH 3 paza TPBS.

Jns moxbopa KIOHOB aHTUTEN, pacnosHaomux IgA OU, ucnonb3oBaiu CHIBOPOTKH
KpPOBU IIE€CTH XKUBOTHBIX: ABYX OU, monmyunBmux BakuuHy CIyTHUK V BHYTPUMBIIIEYHO
(ID 0701 u 0729); asyx OU, nonyuuBmux Bakuuny Cnytauk V uarpanasansho (ID 2584 u
3018) u aByx OU, nmomyuyusmux npenapat mianedo (ID 0728 u 0727) BHYTpUMBILIEYHO U
MHTpPaHA3aIbHO.

B 96-nyHouHBIX TUIaHIIETaX O€3 TMOKPBHITHS TOTOBHIIM CEpHUIHBIC pa3BEICHUs
uccienyeMbix ceiBopoTok OUM B mmamazone 1:50—1:6400 B Oydepe ans pa3BeneHus
obpasmos (S012, Xema, Poccust), mepenocunu B UDA-mmanmers B o6beMe o 100 Mk u
uHkyOoupoBanu 1 u Ha Tepmomeiikepe npu 37 ‘C ¢ nepememmuBanueM (300 06./mMun).
[Mnanmer npomsiBanu 5 pa3 TPBS, nmocne dero B kaxayio ayHky no6asmsiv mo 100 Mk
OMMCAHHBIX BBIIIE KJIOHOB aHTHTeN K Fc-pparmenty IgA, KOHBIOTMPOBAaHHBIX C
MEepOKCHaIa30i XpeHa, B Oydepe mis pasBenenus oOpaslioB u MHKyOMpoBanu | yac Ha
tepMmoreiikepe (Biosan, JlatBusa) mpu 37 °C c mepememmuBanuem (300 006./mun). s
ompejeneHus Haubosiee ONTUMAIbHOTO pa3BEleHUsA KIOHOB aHTuTen K [gA B
UMMYHO(QEPMEHTHOM aHaiW3€, OHW HAHOCUJIWCh Ha IUIAHIIET B  Pa3BEICHUH,
PEKOMEHJOBAaHHOM MTPOU3BOAMUTEINEM, A TAK)KE B KOHIICHTPALIMH BJIBOE BBIILIE U BIBOE HIDKE.

[Inanmetrsl mpomsbiBanu 5 pa3 TPBS. Jlerekuuio mnpoBOAWIM € HMCHOJIB30BAHHEM
rOTOBOTO BOJAHOTO pactBopa 3,3'.5,5'-terpamerundensuanna (100 Mki1 Ha JyHKY)
(MUmmynotex, Poccust). Peaknuio ocranasnuBanu depe3 15 mun 1M HaSO4 (50 Mk Ha
TyHKY). ONTHYECKYIO IIOTHOCTh M3Mepsiiin Ha ciektpodoromerpe (Multiskan FC, Thermo
Fisher, CIIIA) npu anune BonHbl 450 HM. TuTp aHTUTEN ONpENEsIN KaK MaKCUMaIbHOE
pa3BelieHUe CBHIBOPOTKH, MPU KOTOPOM 3HAUEHHE ONTUYECKOW TMIIOTHOCTU MPEBBIIIATIO

CpellHee 3HaueHUE B JIyHKaX ¢ KOHTPOJIbHBIMHU 00pa3iiaMu B JBa pasa.

2.2.3 IIporouHast uMTO(IyOpHUMETPHUSA



54

OOpa3ipl 1eNbHONM BEHO3HOM KpOBU 00beMoM 2 Mil (<6% o0bema HUPKYIUPYIOIIEH
KpPOBH >KMBOTHOTO) OBLIM Moy4deHbl OT BocbMu OW myTeM myHKIuu OeIpEeHHOUN BEHBI C
MCIIOJIb30BAaHUEM TPEXKOMIIOHEHTHBIX IIMpUIleB 00bemMoM 2,5 mia ¢ uriaamu 25G (SFM,
['epmanus), B KOTOpbIe TMpeABapuTenbHO Habupanu 25 ME Harpuii-remapuna
(benmennpenapatsi, Munck, Pecriybnuka benapycs) Ha 1 Mit ienpHO# KpOBH.

B3arue kpoBu y OWM mnpoBoAWIM B OTIEIBHOM IOMEIIEHHH C HCKIHOUYECHHEM
BU3YaJIbHOTO U ayJHWajJbHOTO KOHTaKTa ¢ ApyruMH ocobsimu. Ilporeaypsl HEe BBI3BIBAIU
3HAUYUTEIBHOIO JUCTPECCa y JKUBOTHBIX, MOCKOJBKY JIOBJIS W B3STHE KPOBH SIBIISIOTCS
PYTUHHBIMU TIpOLIEAypaMu IpU BeTepuHapHOM MoHuTOpuHre OMW, coxpepxkammxcs B
71a00pAaTOPHBIX YCIOBUSX.

ATNUKBOTHI LIETFHOM KpoBU 00BbeMOM 50 MK HHKYyOUpoBanu B TeueHue 30 MUHYT IpH

temmneparype 22 C ¢ knoHamMu (IyOpecueHTHO MedeHbIX anTuten (Tabnuna 2).

Tabnuna 2 — IlepeueHp UCTIONB30BAHHBIX B pabOTe KIOHOB AHTUTEN K MOBEPXHOCTHBIM
aHTUT€HAM MOHOHYKJIEApOB Nepu(epuuecKoil KpOBU OOBIKHOBEHHBIX UTPYHOK

BunoBas Kinon Kar.
Ne  Anturen diryopoxpom IIpousBoaurens
crenu(puIHOCTD aHTUTEIT HOMED
. CD45 ~ HTHTCUA MBUL 6C9 PE 250204  BioLegend
K anTureny O
2. CD3 AHTHTCIa MBI SP34-2 Alexa Fluor 700 557917 BD biosciences
K aHTHT'CHY YeJIOBEKa
; Beck
3. QDo CHTHTCTA MBI H299 FITC 6602381  ooen
K QHTUT'CHY YeJIOBEKa Coulter

4. CD4 ~CHTHICTANBID 1200 PerCP-Cy5.5 552838 BD biosciences
K aHTI/IreHy YCJIOBCKaA

AHTHUTCIIa MBIIIIH,

5. CDg8 6F10 PE 250304 BioLegend
K aHTureny O

6. CDe9  CHTHTCA MBIIH, L78 APC 654663 BD biosciences
K aHTI/IFeHy YgecJIOBCKa

7. CD62L AHTHTCITA MBI, SK11 Brilliant Violet 421 743207 BD biosciences
K aHTI/IFeHy YgecJIOBCKa

8. CD45RO  CTTATCHAMBIIL ey g PE-Cy7 304230  BioLegend
K aHTI/IFeHy YgecJIOBCKa

9. CD107a  CHTHTCA MBIIIH, H4A3  Brilliant Violet 421 562623 BD biosciences

K aHTUT'CHY YCJIOBCKA
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10. Cpp7 ~ HTHTSIAMBIL o og APC 356409  BioLegend

K aHTUT'CHY YCJIOBCKA

FITC — d¢nyopecuennnszoruonuanar; PE — d¢uxosputpun; PerCP — mnepununun-
xnopodun npotens; Cy — nuanud; APC — annodukonuanus.

[Tocne makyOanmuu ¢ yKa3aHHBIMHU aHTUTENIaMH oOpasibl oOpabdareiBasim 1 Mt Oydepa
s masuca sputporuToB (BioLegend, kar. 420301) B Tedenne 15 MUHYT TTpu KOMHATHOU
TEeMIlepaType W OAHOKPATHO OTMBIBAIM MyTeM leHTpudyrupoBanus B 1 mn docdarho-
cosieBoro Oydepa (Sigma Aldrich, CIIIA) na ckopoctu 2000 g B Teuenue 3 muH. OOpa3ibl
aHanu3upoBanu Ha npotouyHoMm nutomerpe BD FACSAria III (BD) B Teuenune 30 munyT
nocjie OKpamuBaHUs. [ @ATHHT TPOBOAMIA C TMOMOIIBIO MPOTPAMMHOIO oOecreueHus
FACSDiva (BD). Jlns koHTposis Hecrennu(pruueckoro CBSA3bIBAHUS AHTUTEN UCIOJIb30BAIN
OTPHUIATEIBHBIA KOHTPOJIb (DITyOpPECHEHIIMN MUHYC OJIMH — OKpAIIMBAaHUE BCEMU IPYTUMU

AHTUTCJIIaMH, 3a HCKIIOUYCHHUEM TCCTUPYCMOTO.

2.2.4 JIlumponposmpepaTuBHbINA TECT

Ha 11 cyTku nocne BBeAeHUs: BTOPOro KoMrnoHeHTa BakiuuHbl Cnytauk V. MIIK OU
BBIICIISITN U3 LIEIBHOU KPOBU C UCTIOIB30BAHUEM CPebl s BblaeneHus tuMdponntos LSM
(lymphocyte separation media, MP biomedicals, CIIIA). ITlomy4eHHYI0 KJIECTOYHYIO
cycnen3uio B 1 miu ¢ocdarHo-coneBoro Oydepa B CTEpUIBHBIX YCIOBUSAX JIAMUHAPHOTO
O6okca mnepenocwin B 15 ma mpobupky (Corning, CIIA) u oTbupanum amukBOTY
HEOKpAIIICHHBIX KJIETOK JJs JaJbHeWIeld KanuOpoBku rutomMerpa. OKparnBaHue KIETOK
¢bayopecuentasiM kpacuteneM CFSE (cykimanmuaninoseiii a3¢up kapOokcudyopecienHa,
5 MM pactBOop B numetmwicyinbhokcuae, Invitrogen, CIIIA) mpoBoauau B COOTBETCTBHH C
MpOTOKOJIOM TpousBoautess. C coON0IeHHEeM TMpaBUil CTEPHIIBHONW paOOThl MUMETKOM ¢
nepeMeHHbIM 00beMOM 1—10 MKI Ha BHYTPEHHIOI MOBEPXHOCTH KPBIIIKH MPOOUPKH,
coJieprKalliel KJIETOUHYIO CyCleH3uto, 100aBmsiau 5 Mk pactBopa kpacutens CFSE. Tlocne
MOBTOPEHUS JAAHHOW MPOLEAYpPHl C KaXJbIM OKpAIIMBAa€MbIM OOpa3lioM, BCE MPOOUPKHU
OBICTPO TMEPEBOPAUMBAIIA U TMEPEMEIINBAIN KJIETKM Ha BOpTeKce B TeueHue 20 CEeKyH]I.
OO6pa3ipl MHKYOUpOBain 5 MUHYT IIPU KOMHATHOM Temmeparype B TeMHoTe. [1o ncreuenun
BPEMEHU WHKYOAIllMu KaKIyK MPOOUPKY OTKpPHIBAIU U A00aBIsIM mo 1 mMia ¢eranbHOU

obrubeit ceiBopoTku (DPBC; HyClone, CIIIA), wHaKTUBUpPOBAaHHOW HArpeBaHUEM, IS
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WHAKTUBAIMHU HECBs3aHHOTO Kpacutens. Jlanee B mpooupku BHOcHIH 110 10 Mt dhocharHO-
coneBoro Oydepa (Sigma Aldrich, CIIIA), neatpudyruposanu npu 500 g B reuenue 10 muH,
OoTOMpail HAJO0CAJAOYHYIO OJKHAKOCTb M J00aBIsIA 2 MJI TOJHOM Cpensl  JUIs
KyabTuBUpoBaHus KieTok (RPMI-1640 ¢ 10% tepmounaktuupoBannoit ®bC, 0.292 mr/mn
L-rnyramuna, 50 ex./mn neaurmuiiHa 1 SO MKT/MIJT CTPEITOMHITHA).

Jlnst mpoBeeHusl aHTUTEHHOW CTUMYJISIIIUM KJIETKU BBICEBANM B JIBYX MOBTOpax B 96-
JyHOYHBIE TUTaHIIeThl u3 pacyeTa 200 ThIC. KJIETOK HA JIYHKY U CTUMYJIUPOBAIU 5 MKI/MIT S-
o6enka SARS-CoV-2 (S1+S2 skromomen, YP _009724390.1, Sino biological, KHP). B
KaueCTBE MOJIOKHUTEIBHOTO KOHTPOJIS UCIOIB30BAIM KOHKAHABAIIMH A B KOHIEHTpAIUH &
Mkr/mi (ITarDko0). B xauecTBe oTpUIIATEILHOTO KOHTPOJISI — MOMHYI0 cpenxy RPMI-1640.
CyMmMapHblii 00BeM Cpeibl B KaXKI0i JiyHKe cocTaBisun 216 mxin. Kinetku nunkyOupoBanu B
atmocdepe 5% CO; npu remnepatype 37 °C. Uepes 96 4 coOupan KIETKH U OECKIECTOUHYIO
HAJI0CAI0YHYI0 KUAKOCTh. KIIeTKH 13 TyHOK C MOBTOPHOCTAMH OOBEIUHSIN U OKPAIIUBAIIN
antutenamu: antu-CD3-APC-Cy7 (BD; xnon SP34-2, xat. Homep 557757), antu-CD4-PE-
Cy7 (BD, xmon L200, xat. Homep 560644) u antu-CD8-PE (BioLegend, kinon 6F10, kar.
Homep 250304) B obobeme 50 mxn B Tedenue 30 muH. mpu +4 °C. 3atem o00pasiibl
okpammBanu 4',6-muamuanHo-2-hermmuamonomM (DAPI, 1 wMxr/min) mist UCKITIOYCHHS
MEPTBBIX KJIETOK W MPOBOAMIN LUTO(IyopuMeTpuueckuii ananu3 Ha mpubope Cytofex
(Beckman Coulter, CIIIA) B Teuenne 30 MUHYT mocie okpamuBanus. | eUTHHT TOMyIsSuit
KJIETOK MPOBOAMIIU C TOMOIIIbIO mporpammuoro oobecneuenus CytExpert (Beckman Coulter,
CILIA), Bxiro4ast mOCIE0BATENIBHO: BBIJCICHHUE TTOMYJISAINH TUM(OLKUTOB MO MOKa3aTeIsIM
psIMOTO U OOKOBOTO CBETOPACCEUBAHUSA, BBIICIECHUE OJWHOYHBIX KJIETOK HA OCHOBAaHUU
MoKasareseil MpPsSIMOr0 CBETOPACCEMBAHUSA MO BBICOTE U IO IUIOIIAU, BBIJCICHHUE KUBBIX
KJIETOK TI0 OTCYTCTBHIO okpamuBanusi DAPI, Beimenenne CD3™ momynsinuu u pasjeneHue
nocienneit Ha momymsmuio CD3'CD4" u CD3*CDS8'. KomuuecTBO aHATU3UPYEMBIX
coObITuii ycraHaBnuBaaun kak S50 Teic. B reiite CD3* kimetok. YpoBeHb aHTHUTEH-
cnenuduueckoit npoiudepannu CD3*CD4" u CD3*CD8" T-muMQOIUTOB pacCYUTHIBAIH
JUTSL KaXKJIOTO KUBOTHOTO Kak pa3HocTh oy nponudepupyronmx (CFSE dim, 3aryxanue
curnana CFSE) knetok B nmyHkax, kyna no6asmsinu S-6enok SARS-CoV-2, u nyHkax, kyna

€ro He J00aBIIsIIN.
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2.2.5 CTaTuCTHYECKUH aHAJIN3

CrarucTudeckuil aHanu3 pa3iauuuii coctaBa nonyysinuid MIIK mexnay camuamu u
caMmkamu OW mpou3BOIMIM C HCHOJB30BAHHEM t-T€CTa C MOMOIIBID MAKeTa MPOrpamMm
STATISTICA AXA 10 (TIBCO Software, CILIA). Paznuuust cautanu 10CTOBEPHBIMH MIPH
p <0,05.

2.3 Pe3yabTatsl

2.3.1 Iloa0op KJIOHOB AaHTHUTEJ IS AeTeKIUHM HMMMYHOIJI00YJHMHOB KJjacca A B

06pa3uax CbIBOPOTKH KPOBH, MOJYYECHHBIX OT 00bIKHOBEHHbIX HI'PYHOK

Onenka  cnenu(puUUecKoro  JIOKAIbHOTO  MYKO3aJbHOTO  MOCTBAaKIIMHAJIBHOTO
aJanTUBHOIO UMMYHHOIO OTBETa HAa BBEJACHUE MHTPaHA3AJIbHBIX BakIMH Ha Moaenun OU
TpeboBaia moa0opa BTOPUYHBIX aHTHBUIOBBIX aHTHTEN, pacmo3Haronmx IgA OU. Cemb
KJIOHOB aHTUTEN K 3MuTOonaM anbda-menu [gA gyenoseka Obutn uccnenoansl B UDA. Jlns
ATOr0 00Pa3Ibl CHIBOPOTKH KpoBU OU, momyunBIIMX aJ€HOBUPYCHYIO BEKTOPHYIO BaKIIUHY
npotuB COVID-19 Cnyrauk V, a takke OWM U3 KOHTPOJBHOW TPYIIbI, MOJYYUBIIAX
riane6o, Hanocwu Ha raHmeTs st MDA, nokpeiteie RBD SARS-CoV-2. Mccnenyembie
KJIOHBI, KOHBIOTUPOBAHHBIE C NEPOKCUAA30M XPEHA, UCIOJIH30BAIN B KAYECTBE BTOPUUYHBIX
antuten ans nerekuuu [gA OU. Pesynbratel mogbopa kimoHoB antuten kK IgA OU u ux

ONTHUMAJIbHBIX Pa3BeICHUI MpeAcTaBieHbl B Tabmnure 3.

Tabnuua 3. TuTpsl cBs3bIBaHUA pa3BeAeHUI KIOHOB aHTUTEN K IgA yenoBeka ¢ RBD SARS-
CoV-2 B uMMyHO(DEpMEHTHOM aHamu3e C ChIBOpoTKamu KpoBu OW, mnomyumBIIMX
aJICHOBHPYCHYIO BEKTOPHYIO BakMHY CIlyTHUK V BHYTPUMBIIIEYHO U UHTPAHA3ATBHO

ID skxuBOTHOrO, MyTh BBeeHUsI BAKIMHBbI CiyTHUK V

B/M U/H |IInane6oo| B/M U/H |Ilnaneoo| B/M N/H |Ili1anedo

— ||| 0w |~ =] || 0|~ ||| 0| 0|~

ol A ||l == |l a|lo| || —m—| Al q|lw| =] |

= > v |l BE|cD|lwvwlo |l Bl |lwvw|lo|ln | o

oc|lo|la|n|o|loco|lo|lo|laa|n|loco|loco|loco|lo|la|lan]o| o
3B7 1:500 3B7 1:1000 3B7 1:2000

<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
<1:50
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1B12 1:500 1B12 1:1000 1B12 1:2000
S S S S S S S S S S S S S S S S S S
VIVIVIV|VIVIVIV|VI|IVIV|IVIV|V|V|IV]|V]|V
10G11 1:500 10G11 1:1000 10G11 1:2000
S S S S S S S S S S S S S S S S S S
VIVIVIV|VIVIVIV|VI|IVIV|IVIV|V|V|IV]|V]|V
2ES5 1:500 2E5 1:1000 2ES5 1:2000
S S S S S S S S S S S S S S S S S S
VIVIVIV|VIVIVIV|VI|IVIV|IVIV|V|V|IV]|V]|V
2B5 1:2000 2B5 1:4000 2B5 1:8000
S S S S S S S S S S S S S S S S S S
VIVIVIV|VIVIVIV|VI|IVIV|VIV|IV|V|IV]|V]|V
1H9 1:2500 1H9 1:5000 1H9 1:10000
=) S S S S S =) S S S S S S S S S S
Tl S S | SS| vl FlS|le|Ss| vl vl SIS n|ln
.o (o < v o o .o v (o) — - - - — — — - o
- = | =V |V | = | = V|V |V |=]=]=]V]|YV
3B4 1:20000 3B4 1:40000 3B4 1:830000
S S S S S S =) S S S S S S S S S S S
— — - ~ o o X o o) ) o - v v < (o) — —
- == V]V T = == V| V| | e | = = | V|V
B/M — BHyTpumbllieuHoe BBeAeHUE BakuuHbl; M/H — wuHTpaHazanbHOE BBeIEHUE

BaKIMHBL. JKUPHBIM HIpUGTOM BBIACIECHBI 00pa3ilbl, B KOTOPHIX HAOIIOAAIOCH CBSI3bIBAHUE
uccienyemoro kiona ¢ [gA OU B ummyHO(pepMEHTHOM aHANIM3E.

Ha ocHoBaHum mgaHHBIX UMMYHO(EPMEHTHOTO aHajau3a s AAIbHEUIIEro U3y4deHus
cnenupruyIeCcKOro JOKaIbHOTO MyKO3aIbHOTO OCTBAKIIMHATIBHOTO UMMYHHOTO oTBeTa y O

o111 BeIOpaH ki1oH 3B4 B pa3senenuu 1:40000.

2.3.2 Pa3pa60TKa METOAUKHN OICHKH aHaneH-cneun(]mquKoro NOCTBAKIIMHAJBHOI'O

T-KJI€TOYHOI 0 HMMYHHOI'O OTB€TAa y 00bIKHOBEHHbIX HI'PYHOK

K MomeHTy Hauana WCCIEIOBaHHUS PA3IUYHBIMU HAayYHBIMH TPYIIamMu  ObLIO
MPOAHAIU3UPOBAHO HEI0CTaTOYHOE KOJIMYECTBO KOMMEPYECKHU JOCTYITHBIX
MOHOKJIOHAJIBHBIX AaHTUTEN JJIsi IUTOMETpUuYeckoro aHanuza kietok OU [12-14]. Ha
MEepBOM  JTame pa3pabOTKW METOAWUKH  OIECHKH CHEeNU(PUISCKOro  aJalTHBHOTO
MMOCTBAKIIMHAIIBHOTO M TOCTHH(EKIIMOHHOTO KieTouyHoro otBera y OU Obul mpoBeneH

HO,Z[60p KJIOHOB (bJ'IYOpGCI_IeHTHO MCUYCHHBIX MOHOKJIOHAJIbBHBIX AHTUTCII, CBA3BIBAIOIIINXCS C
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MOBEPXHOCTHBIMM aHTUTeHamu cyonomymsmuii MIIK OUM, a Takxke ompeneneHo
COOTHOIIIEHHE CyOmomynsanuii JUM(OIUTOB M YPOBHS HX AaKTUBALMU Yy 3IO0POBBIX
MHTaKTHBIX caMOoK u camuoB OWM. B wactHocTH, OBUIO YCTaHOBJIEHO MPOIEHTHOE
COOTHOIIIEHHE OCHOBHBIX cyomomymsituii T- u B-mumdormros (CD45", CD45°CD3 CD20",
CD45"CD3*CD20~, CD3"CD4°CD8", CD3"CD4 CDS8"), a Tax:ke 105 KIETOK, HMEIOIIMX
Mapkepsl co3peBanus u aktuBaiuu (CD27, CD62L, CD69, CD45R0O, CD107a). Ctparerus
muddepeHmanuym  KIETOYHBIX CyONOmyJsiiuidi W aHajdu3 pe3yJbTaTOB OKpaIIUBaHUS
npenacrasienbl Ha Pucynke 9 u Pucynke 10 Ha mpumepe o6pasiia KpoBU, MOTYUYEHHOTO OT

onHoro xuBoTHOTO (ID 4540).

g8 g8
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50 100 150 200 250 S0 100 150 200 250 (g S0 100 150 200 250
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(&) o 0,
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(o= % 0o
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X S o
o b 5
~N ~ =
8N g“ 8 o
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8 g 8§
i 50 100 150 200 250 0% 0 10 10° 10* 10° i 50 100 150 200 250
r FSC-A wrooo) || J % CD3 (kroH SP34-2) AF700 E FSC-A 41,000}

Pucynox 9 — Jluddepennumanus cyononynainnii MOHOHYKJIEapOB nepudepruyeckoil KpoBu
unTakTHbIX OU (ID 4540). I'paduku npsamoro u 6okxoBoro ceetopaccenBanus FSC-A/SSC-
A (A) ¥ UCKIIIOUYEHUS HEONMHOYHBIX KIEeTOK (b) OblmM MCMONB30BaHbI ISl BBIACICHUS
nonyssinun CD45" nefikonuTos (B). J{omu okpamennsix CD45°CD20" (I') u CD45"CD3*
(E) xJI€TOK Tpe/ICTaBICHBI B COOTBETCTBYIOIINX TOJISIX OTHOCUTEIbHO momyssinuu CD457,
Jomu okpamennbix  kierok CD3'CD27° m CD20°CD27* (/) mpencraBieHbl B
COOTBETCTBYIONIMX MMOJSIX OTHOCHTeNnbHO momymsiiuii CD3" um CD20"  kierok,
COOTBETCTBEHHO. B kaxxom Tecte Obutu npoananu3upoBansl 150 000 coObiTuii
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Pucynox 10 — Pe3ynbratsl okpammuBanus cyononynauuii T-mumpornutoB nntaktaeix OU
aHTUTEIIAMH K MapKepaM co3peBaHust W aktuBaiuu. Jomu oxparieHHsix CD3°CD4+ u
CD3"CD8" (A) KIJIETOK IMpeICTaBI€Hbl B COOTBETCTBYIOIIMX IIOJIIX OTHOCHTEIBHO
nonymsiun CD45°CD3* (B) xnerok. lonmu okpamennsix CD45RO* (B), CD69" (I),
CD107a" (), u CD62L" (E) KJ€TOK MpeacTaBI€Hbl B COOTBETCTBYIOIIUX IIOJISIX
orHocuTensHo momyisinuii CD37CD4*" u CD3°CD8" kierok. B kakmom Tecte ObLIH
npoananu3upoBanbl 150 000 coObITHIA

Coornomenune cyonomymsiiuii MIIK, oxpammuBaembix aHTUTEH-CHEUPUIECKUMU
aHTuTeraMu, y uHTakTHeIX OW npencrasiens: B Tabmuie 4. CD45" nefKOIMTBI COCTABIISIIH
54,3+11,8% ot 0011er0 KONMUIECTBa KIETOK MMOCe in3nca aputporutoB. CD45" momy siiums
comepkama 22,7+5,5% B-kmerok (CD45°CD3CD20") u 67,646,3% T-KieToK
(CD45+CD3+CD20-). Cpeam CD3+ xnerok 55,7+5,5% cocraBmsmm  T-xenmepbl
(CD3*CD4"CD8") u 34,3+3,7% — uwmrorokcnueckue T-mumporuter (CD3"CD4 CD8Y).
Cootnomienust momysituii B- u T-xnerok OU, Bkiarouas cyonomyssiuun CD4" u CD8*
TUM(OIUTOB, COOTBETCTBOBAIM paHEE OIMyOJIMKOBAaHHBIM JAHHBIM Il MHTakTHbIX OU

[13,72], a Tak»e mokaszaTessiM, XapaKTePHbIM JJIsI 3/IOPOBBIX Jitoaeu [73,74].
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Tabnuna 4 — CooTHolIeHHe CyOmomyIsanuii MOHOHYKJIEApOB mepudepuyeckon KpoBU
MHTAKTHBIX OOBIKHOBEHHBIX UTPYHOK
ID sxuBOTHOTrO, Napametp, %o
Moo Coms | Mt
29962998 (0519|3016 2997| Mz+to, [2994|4540(4520| M=o,

Bo3spacr, Mecsupl 29 | 29 | 23 | 48 | 25 |30,8+10,0| 30,0 | 25,0 | 25,0 | 26,7+£2,9 | 29,3+8,0
*CD45" 67,5164,5162,3143,5|43,2(56,2£11,9|42,1 |44,3|66,6 |51,0+13,6|54,3+11,8
CD45°'CD3°CD20" |28,7|32,4(17,7|17,5|20,4| 23,3£6,8 | 22,3 | 24,3 | 18,4 | 21,7+3,0 | 22,7+5,5
CD45'CD20'CD27" | 83 | 11,8 59 | 17 | 7.9 | 102+4,4 | 8,9 | 7.0 | 4,7 | 6,9£2,1 | 8,943,9
CD45'CD3"CD20" | 62,4|57,6|69,6 | 74,7 | 64,4 | 65,7+6,6 | 66,5 | 68,5 | 76,9 | 70,6+5,5 | 67,6+6,3
CD45'CD3'CD27" ]93,9]93,2(96,2|98,4 (93,2 | 95,0£2,3 | 91,8 | 95,8 | 94,6 | 94,1+2,1 | 94,6+2,1
CD3'CD4 CD8" 39,2132,7|34,4| 40 |32,9| 35,843,5 | 33,2 33,6 28,5 | 31,8+2,8 | 34,3+3,7
CD3'CD8'CD62L" | 72,7 (81,2 (89,3 (86,7 |51,8|76,3+15,1|76,4|65,2|72,0| 71,2+5,6 |74,4+12,1
CD3'CD8'CD69" 09| 1,1 16|19 03| 1206 | 1,2 | 1,8 | 1,0 | 1,30,4 | 1,2+0,5
CD3'CD8'CD45RO"| 2 |24 | 18| 1,8 |08 | 1,8+0,6 | 2,0 | 0,8 | 0,7 | 1,2+0,7 | 1,8+0,7
CD3'CD8'CD107a" | 09 | 0,508 | 0,5| 0 0,504 | 0,2 | 0,7 | 0,2 | 0,4+0,3 | 0,5+0,3
CD3'CD4'CD8” 49,9 | 57,7 51,2 49,7|57,8| 53,3+4,1 | 55,5|57,8 | 66,1 | 59,8+5,6 | 55,7£5,5
CD3'CD4'CD62L" | 47,3| 56 |73,8| 66 | 43 |57,2+12,8|49,1 | 48,6 | 47,8 | 48,5+0,7 |54,0+10,7
CD3'CD4'CD69" 1,123 38|42 1,7 2,6£1,3 | 2,0 | 4,0 | 2,7 | 2,9¢1,0 | 2,7+1,2
CD3'CD4'CD45RO" | 2 1,7 (23|24 1,1 1,9%0,5%*| 1,3 | 0,9 | 1,0 | 1,1£0,2**| 1,6+0,6
CD3'CD4'CD107a" | 1,2 [ 0,6 | 1,5 ] 0,9 | 0,2 | 0,9+0,5 | 0,2 | 0.9 | 0,4 | 0,5+0,4 | 0,7+0,5
* — cpeau nmomynsauuu JIUMGOIUTOB, AU depeHmpoBaHHbBIX Ha ocHOBe rpaduka FSC-
A/SSC-A mpu UCKIIFOYEHUW HEOJWHOYHBIX KIIETOK; ** — CTaTUCTUYECKH 3HAYNMBIC
pasmuuust (p < 0,05).

Mapkeps! akTHBAIMK U CO3peBaHMs TUM(OIMTOB Yy MHTAKTHBIX OU ompenensuinch Ha
MOBEPXHOCTH CICAYIONMX TPOMOPIUN KJIETOK W3 OIUCAHHBIX BBIIIE CyOMOMyIISIIHii:
CD62L (L-cenexkTuH; CUTHAI XOYMHHra JHUMQOILMTOB, PACHICTUISETCS MPH aKTHBAIUU
KIeToK): Ha 54,0+10,7% CD3"CD4" knetok u Ha 74,4+12,1% CD3"CDS8" kierox; CD69
(pannuii Mmapkep T-kimetouHoi aktuBarun): Ha 2,7+1,2% CD3*CD4" ietok u 1,2+0,5%
CD3"CD8" xnerok; CD45RO (aktuBupoBaHHBbIC T-KieTku mamsatH): Ha 1,6+0,6%
CD3"CD4" knerok u 1,8+0,7% CD3"CD8" kierok; CD107a (akTrBHpoBaHHbIE T-KIIETKH):
Ha 0,7+0,5% CD3"CD4" kmerok u 0,5+0,3% CD3"CDS8" kmerok; CD27 (TNFRSF7,
MIPEJCTABUTENIb CYIEPCEMENCTBAa pPelenTopoB (akTopa HEKpo3a omyxosei-7; B-kmetku

namstu, 3peibie T-xkiaerkn): Ha 94,64+2,1% T-kinerok (CD20"CD3™). 3HaueHns HAXOIUINCH
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B Tpeleniax, OMHCAHHBIX B MCCIEJOBAaHUHU paCIpeieNieHus CyOmomynsinuii MMMYHHBIX
KJ1eToK UHTakTHRIX OU, npoBeneHHOM Neumann u coaBT. [14].

B xozme pabot, onuckiBaeMBIX B JaHHOM pasfene, Oblia oOHapykeHa 0ojee HU3Kas B
CpaBHCHHH C OMYyOJWKOBAaHHBIMU HaHHBIMU [14] mons momynsiuu B-kiaeTox maMmsTu
CD45"CD20"CD27" (8,9+3,9%), 4TO CBHIETEIHCTBYET O HU3KOM YPOBHE aKTHBAIMH B-
kietok OU. [lpuunHoi HAOMIOZAaEMBIX pa3Iuduid MOKET OBITh 00Jiee MOJIOJAOW CpeaHui
Bo3pact (29,3+8,0 mecsieB, Tabnuma 4) )KUBOTHBIX, UCIIOJIL30BaHHBIX B Halllel padore, a
TaK)Ke TOT (aKT, YTO OHU POAMINCH U BBIPOCIHU B TAOOPATOPHBIX YCIOBUSIX, TO3BOJISIFOIITNX
3HAYUTEIBHO CHU3UTH YaCTOTY (POHOBOI MH(PEKIIMOHHOM MATOJIOTHH.

Homn  CD62L-mosutuBHBIX  cybononymsuii  CD4" w CD8'  jaumdonuTos,
HaOMIOMaBIIMECS] B JAHHOM UCCIIENOBAaHWU, OBUIM HIKE, YeM COOTBETCTBYIOIINE
MoKas3aTenu, omrcaHHble B pabore Yoshida m coaBT. [75], 9TO CBUAETEIHCTBOBAIO 00
aktuBaru T-kiaetok. CiaeayeT OTMETHTh, YTO a0 akTuBHpoBaHHBIX CD20°CD27" B-
KJIETOK KoppenupoBana ¢ jgoieit HeaktuBHBIX CD3*CD4°CD62* T-xemmepoB, HO He
KoppenupoBaia ¢ goseit nutotokcuueckux CD3"CD8"CD62" T-mumdormros (r = 0,902; p
= 0,006; Tect panroBoi koppemsaiuu Crnupmena). Jpyrux NpuU3HAKOB CHCTEMHOU
MMMYHHOW aKTHUBAaIlMU BBISIBIICHO HE OBLIO.

CootHotieHue cyonomy s TuMQGOIMTOB, a TAK)Ke YPOBHU akTHBauu T- u B-kimetox
y HMHTaKTHBIX caMioB W camMok OW He pasznuuanuch. EAMHCTBEHHOE CTAaTHCTUYECKU
3HAYMMOeE pasznuune Obu10 BhisiBiIeHO B foine CD3"CD4'CD45RO™ kietok (1,9+0,5% vy
camok ipotuB 1,1+0,2 y camio; t =2,5658, df = 6, p = 0,0426; t-tect). HaGmromaempie moau
CD3"CD4"CD45RO" kieToK y CcamIlOB W CaMOK HaxXOJWINCh B paMKax 3HA4YCHUIA,
ONHMCAHHBIX paHEE JJIsl UHTAKTHBIX KUBOTHBIX [13].

Bospact OU, ucnonb30BaHHBIX B UCCIIEIOBAHUHU, OBLT HEOAHOPOIHBIM, IIPH 3TOM OJHO
KUBOTHOE ObLTO 3HAYMTENbHO cTapire apyrux (Ne3016, Tabnuma 4). B aToii cBsizu Oblia
MPOAaHATU3UPOBAaHA B3aUMOCBS3b MEXJIYy BO3PAaCTOM JKUBOTHBIX M OILEHHBAEMBIMU
UMMYyHHBIMU Tapamerpamu. Jloast B-xmetox mamsitu CD45°CD20*CD27" moctoBepHO
KOppenupoBajia ¢ Bo3pacToM XUBOTHRIX (n = 8, r = 0,923, p = 0,0011; Tect panroBou
koppensituu CnupMeHa), 4To MOATBEPKAACT BBICKA3aHHOE BBIIIE MPEANOI0KEHUE O TOM,
YTO OTHOCHUTEIIbHO HH3Kasg J0Js B-kiIeTok mamsTd cBsi3aHa C MOJIOABIM BO3PAcTOM

’)KMBOTHBIX. boinee TOro, JOCTOBECpHAA KOPppPEIAIrAa Ha6JHOI[aJ'IaCB " IIPHU UCKIIIOUCHHUU U3
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aHanu3a JaHHBIX O>KUBOTHOro Ne3016 (n = 7, r = 0,798; p = 0,03). [dpyrue
MMMYHOJIOTHYECKHE MapamMeTpbl MMMyHHOro craryca OW He 3aBucenn OT BO3pacTa
®KUBOTHBIX (p > 0,05).

[TomoOpanHbie KJIOHBI (PIIyOPECHEHTHBIX AHTHUTEN JAalee ObUIM HUCIOJIb30BAaHBI IS
OLICHKU CHENU(UYECKOT0 MOCTBAKIIMHAIBLHOTO T-KIeTOYHOro MMMyHHOTo oTBeta y OU B
nuMdomnponudepaTuBHOM TecTe ¢ anTurennor pecrumyssmueit MITIK. Ha 11 cyTtku mocie
BBEJICHUSI TIepBOro kommnoHeHTa BakiuHbl CnyTHUK V MIIK OUW Beigensiiu u3 1eiabHOU
kpoBu, okpammBanu CFSE u crumynupoBamu S-Oenxkom SARS-CoV-2. B kauectse
MOJIOKUTEIIBHOTO KOHTPOJIS UCIOJIB30BaIM KOHKAaHABAJIMH A, B Ka4€CTBE OTPULATEIBLHOTO
KOHTpossi — moyHyt0 cpexy RPMI-1640. Uepes 96 4 kietku cobupanu W OKpaIiuBaiIn
nogo0paHHbpIMU KJIOHaMu aHTUTen K Mmapkepam CD3, CD4 u CDS8. YpoBeHb aHTHUTEH-
cnenuduieckon TuMdonponudepaiu OreHUBAIN METOIOM IMPOTOYHON ITUTOMETPHH.

Ha Pucynke 11 mnpencraBneH mnpumep pe3yibTara OLEHKA —HaNpsHKEHHOCTH
cnenupUYecKoro MOCTBAKIMHANBHOTO T-kiaeTouHoro ummyHutera y OU uepe3 7 cyTok
MOCJ€ BBEACHUS BTOPOM J03bl aJCHOBUPYCHOW BEKTOpHOM BakuuHbl CrnytHuk V. C
WCIIOJIb30BAaHUEM TMOJ00PAaHHBIX KJIOHOB AHTHUTEN YIAIOCh MpoBecTU AUQEpeHIHAIIIO
neneBsix cyonomysiiuil T-numdoruroB OU u 1010 KIeToK, mpoaudepupyromux B OTBET
Ha CHeUU(PUUECKYI0 AHTUTCHHYIO CTHUMYJALUI0. BaXHO OTMETUTh HU3KHI YypOBEHBb
¢donoBOI JNHUMPonponudepanuy HE CTUMYJIUPOBAHHBIX JUM(OLUUTOB B KOHTPOJIHHOM
oOpasiie, MOATBEPKAAIOUINN HU3KUI YpPOBEHb aKTUBAIlMM HMMMYHHOro otBera y OU,
colepKamuxcsi B J1a0OpaTOpPHBIX YCIOBUAX. Pe3ynbTaTbl OIEHKH CHEHUPUIECKOTO
MOCTBAKIWHAIBHOrO T-KJIETOYHOrO OTBETa HAa BHYTPHUMBIIIEYHOE W HHTPaHA3aJIbHOE

BBenenne OU Bakiuupl CryTHHK V moipoOHO onucansl B ['maBe 3.
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Pucynox 11 — Ouenka HanmpsHDKEHHOCTH CHEHU(PUYECKOTO IMOCTBAKIMHAIBHOTO T-

KJIETOYHOT'O UMMYHHTETa Y OOBIKHOBEHHBIX UTPYHOK B JIMM(ONponrdepaTUBHOM TECTE.
Ompenenenne momu T-xemmepubix (CD37CD4") u T-kwmrepusix (CD3"CD8") kierok,
nponu(epupyonmMx B OTBET Ha CTUMYISIUIO S-OCIKOM Y YKHBOTHOTO, IMOJYYHBIIETO
aJICHOBUPYCHYIO BEeKTOpHYIO BakiuHy CrytHuk V. [IpencraBieHo BblAeIEHUE TOMYIISIIHA
CD3" knerok, pasaenerue ee Ha momyasiud CD3"CD4" u CD3°CD8" u oreHka ypoBHS
mumonpoaudepai B 3TUX NOmysinusax ains (A—I") HeCTUMYyIHPOBaHHBIX KIETOK, ([1-3)
KJIETOK, CTUMYJINPOBAHHBIX KOHKaHaBaMHOM A u (I-M) KIeTOK, CTUMYJIHPOBAHHBIX S-
o6enxkom SARS-CoV-2

2.4 O0cy:xneHue

Ha mepBoM stame pa®oT, OMMCaHHBIX B JIaHHOM TIJaBe, OblIa MPOBEJCHA OIECHKA
CIIOCOOHOCTH MAaHENH KJIIOHOB aHTUTEN K anb(a-uenu IgA dyenoBeka cBasbpiBaThes ¢ [gA OU.
Bri6pannbiit kiioH 3B4, nokazaBiinii HAMITy4IlIMe XapaKTEPUCTUKHU CBsI3bIBaHus ¢ IgA OU,
MpeACTaBisAeT co00M MOHOKJIOHAIBHOE aHTHUTENO MBIIIH, PACIIO3HAIOIIEEe SMUTON anbda-
nenu IgA uyenoBeka, mpucyTCTByrommii Ha anbda-1 m Ha anbda-2 TIKENBIX LETsX.

AHTHTENO paclo3HAET AMUTOI HA MOHOMEPHOM IgA, a Takke Ha moauMepHoM IgA B cocTae
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KOMILIEKCa C ceKpeTopHbIM KomnoHeHTOM. Kion 3B4 He cBsa3biBaercs ¢ 1gG, IgM, ¢ kamnma-
WK JIIMOJa- JerkuMHu HernsaMu [76]. B maapHe#ImeM Mbl HCIOIB30BaM KIOH 3B4 mis
JOKJIMHUYECKOW OLIEHKH YPOBHA CHEIMU(PUYECKOTO TMOCTBAKIIMHAIBHOTO JIOKAJIBHOTO
MYyKO3aJbHOTO UMMYHHOTO OTBETa MpPHU BHYTPUMBIIIIEYHOM M WHTPAHA3AIHHOM BBEJICHUU
OMU Bakuunbl Criytauk V [43,77].

JanpHelime paboOTHI, ONMHMCAaHHBIC B JTAHHOW TJIaBe, OBLIM HAIpaBJCHBI HA IOJI00D
MaHelau KJIOHOB aHTuten ans guddepenumanuu cyonomymsuuiit MIIK OM u ux
WCIIOJIb30BaHUE ISl pa3pa0OTKH METOAMKHU OLIEHKH CIEeNU(PUIEeCKOro MOCTBAKIIMHAIEHOTO
T-xnerounoro ummyHHoro otBeta y OWM. BaxHO OTMETHTH, 4TO U3 MOJO0OpPaHHBIX
MOHOKJIOHAJIbHBIX aHTUTEN TOJBKO aHTHTeNna K antureHam CD45 u CD8 6b111 ciernanbHo
MOJIy4eHBI 17151 paboThl ¢ OnomaTepuanom, nomydeHHbM oT OU. OcTanbHbIe KIIOHBI aHTUTE
ObUTH cHelU(pUYHBl K YEJIOBEUECKMM aHTHUT€HaM, HO O0JaJanu KpPOCC-pEaKTUBHOCTHIO K
opTosiornuHbIM anturenam OU.

boun ycranosnen cyonomymsimonnsii coctaB MIIK y untaktaeix OU paznuyHoro mnona
¥ BO3pacTa, MMOKa3aBIINid 00Jiee HU3KYI0 B CPABHCHHH C OMyOJIMKOBAHHBIMH JaHHBIMHU [ 14]
nouto cyonomyssiun CD457CD20*CD27" kiretok (B-kinetku mamsiti). IToCKOIBKY BO3pacT
KUBOTHBIX B HCCJIECJIOBAHMM, OINHCHIBAEMOM B JAaHHOM TIJiaBe, OBLI MIIaJIIe, 4YeM B
uccienoBanuu Neumann u coaBT. [14], ObUIO BBIABUHYTO MPEANON0KEHUE O CBSI3U 0N
cyonmonynsauuu B-knetok mamstu ¢ Bo3pactom OU, B ganbHeinieM MNOATBEPKICHHOE
pe3yJbpTaTaMi KOPPEISLUMOHHOIO aHajdu3a MEXIy BO3PACTOM JKUBOTHBIX H JOJIEH
cyormonysiun CD457CD20*CD27" knerok B ux kposu (r = 0,923, p = 0,0011; Ttecr
panroBo# koppemnsituun CniupMeHa).

[TockonbKy APYTUX CTATUCTHUYECKH 3HAYUMBIX Pa3IUUHi CyONmOMysIIMOHHOTO COCTaBa
U cTaTyca aKTHBAIUMU JUM(OLUTOB Yy JKUBOTHBIX Pa3HOTO BO3pAcTa B X0JI€ MCCIIEIOBAHUS,
OMKMCAHHOTO B JAHHOU TJlaBe, OOHAPY>KEHO HE OBLI0, OBLJIO BBHIABUHYTO MPEIOIOKEHUE O
BO3MOXHOCTH Hcnojib3oBanuss OW B Bo3pacte crapme ABYX JIET B HCCIECIOBaHHUAX T-
KJIETOYHOTO KIMMYHHOI'O OTBETa B COCTAaBE CMEIIaHHBIX BO3PACTHBIX IpynIl. TeM He MeHee,
B JIAJIbHEUIIIEM MPECTABISIETCS HEOOXOANUMBIM MOITBEPKACHUE JAHHOTO MPEANOI0KEHUS
B OKCIIEPUMEHTAaxX Ha 0oJiee OOIIMPHON BRIOOPKE.

JHonst cyonomymsiuii CD62L-mo3utuBHbIx CD4" 1 CD8* T-KII€TOK, yCTaHOBJIEHHAS B

TaHHOM paboTe, OblIa HIDKE 3HAUCHUH, TpecTaBIeHHBIX Y oshida u coaBT. [75]. L-cenexTun
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(CD62L) oGecnieunBaer Bxon T-kieTok B nuMdaruyeckue y3iabl. YPOBEHb L-cernexTuHa
TaK)Ke CHIKaeTcs y T-KJIeTOK, MUTPUPYIONINX BHYTPH JIUM(PATHUIECKUX Y3JI0B, TOTAA Kak
MIPU HAXOXKJCHUU KJIETOK BHE TUM(OUTHBIX OPraHoB ypoBeHb dkcnpeccun CD62L ocraercs
Heu3MeHHbIM [78]. YpoBeHb L-cenekTuHa Ha MOBEPXHOCTU T-KJIE€TOK CHUXKAETCS B XOJI€ UX
aktuBaiuu 10 10% OT MCXOIHOrO 3HAYECHUSI B TEUEHHE HECKOJbKUX MUHYT [79]. Takum
obpazom, camkenue qomu CD62L" T-kaeTok 03HavaeT BO3MOKHYIO HEIAaBHIOI HIIH €IIe
npojoJpKaronyrocs T-kieTouHyro aktuBanuo. MarepecHo, uro gonst CD27+ B-knerok OU
koppenupoBana ¢ goneii CD62L"CD4 T-kierok (p<0,01), T.e. B-kieTounas aktuBarus
accoONMUpoOBanach ¢ orcyrcrBueM aktuBamuun CD4" T-kimetok. B Gosee pannux paborax
OblJIa OMMCaHAa B3aWUMOCBS3b MEXKIY YPOBHEM MOBEPXHOCTHBIX MApKEpOB aKkTUBAalIMUHU B-
kierok namsitu CD27 u CD21 y makak [80]. Peuentop xomminementa II tuma CD21
MPEICTaBlICH Ha OOJBIIMHCTBE 3penbiXx B-kneTok. Panee Obu1o moka3zaHO, YTO CHMKEHUE
ypoBHst Mapkepa CD21" nHa B-kieTkax MpOMCXOIUIO OJHOBPEMEHHO C PacUIEIICHHEM
CD62L ne3penbiMu TuM(OLUTAMU U KJIETKAMU MaMSITH, YTO MPUBOAMIO K UX MUTPALIUU K
Mecty uHunmposanus. [Ipu 3Tom 06a mporecca peryIupyroTcss OAHON U TOH Ke TPYNIon
npotea3 [81]. DTu maHHbBIE MO3BOISIOT MPEANON0XKUTE MexaHu3m CD21-onocpenoBanHoOM
B3aMMOCBSI3U MEXK1y YpOBHEM MapkepoB aktuBanuu: CD27 nis B-knetok namsitu u CD62L
s T-ximerok.  Koppemsanus mexay ypoBHeM npoaykumu CD27  B-kierkamu,
CBUJETENBCTBYIOIIMM 00 akTuBauuu B-xiaetok, u ypoBHem nerpamauuu CD62L,
cBUAETENbCTBYOMEM 00 aktuBauu CD4 ki1eTok, MOXET OTpa)kaTh OJHOBPEMEHHYIO
perymsuio quddepeHnuanum TUX Cyonomysiiui IMMYHHBIX KieTok y OU.
[TomoOpanHbIe KJIOHBI (PITyOPECIIEHTHBIX aHTUTEN Jlajiee ObLIM UCTIOIb30BaHbI HAMU /IS
OLICHKH CHEIU(UYECKOrO MOCTBAKIIMHAIBHOTO T-KJIETOYHOTO HMMYHHOTO OTBETa Ha
BHYTPUMBILIEYHOE U MHTpaHa3aibHOE BBeneHne OU Bakuuubl CinyTHUk V [43]. bnaronaps
HU3KOMY YPOBHIO F€TEPOr€HHOCTH HMMYHHOTO OTBETA MEX1Y OTACIbHBIMH )KUBOTHBIMHU, a
TaKK€ M30JMPOBAHHBIM YCIOBHUSIM JIAOOPATOPHOTO COACPXKAHUS C HCKIIOUYCHHUEM
MH(EKIIMOHHONW OMAaCHOCTH, pPe3yJbTaThl, MOJyYaeMble B XOAE€ HUMMYHOJOTHUYECKHUX
UcciIe0BaHui ¢ ucronb3oBanueM O, xapakTepu3yrTcsl BBICOKOM CXOIUMOCTBIO U HU3KUM

YPOBHEM (1)OHOBOI‘O mryma, 410 IIOBBIIIACT CUITY CTATUCTHUYCCKUX TCCTOB.
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2.5 3akiouenue rjiaBbl

B pesynpTaTe pabot, ONMMCaHHBIX B JAHHOU TJIaBe, OBUT MOJ00paH KJIOH aHTUTEN IS
netekuuu IgA B Ouomarepuaine, nmomydyeHHoM oT O, a Takke KJIOHBI (HIyOpecIeHTHO
MEUYEHHBIX aHTHUTEI, HEOOXOAUMBIX Wi quddepennmanuu cyononyasaunii TMMQGOIUTOB U
OLICHKU YPOBHS MX CO3peBaHus U akTuBanuu. [logoOpaHHbIe KJIOHBI aHTUTEIN Aayee ObLIu
WCIIOJIb30BaHbl B METOJUKE OLEHKH CHEHU(PUIECKOTO MOCTBAKIIMHAIBLHOTO JIOKAJIBHOTO
MyKO03alnbHOTO U T-KileTouHoro agantuBHOro oreeta y OM.

[lomoOpannasi maHeNb AaHTUTEN TO3BOJIMIA YCTAHOBUTH JONMU CIEHU(PUUIECKUX
kierounbix nomyssiiuit MIIK y uataktaeix OU u onpeaenuts ux QyHKIIMOHATBHBIHN CTaTyC,
YTO B JallbHEWIIEM MOXET OBITh MHCIOJIB30BAHO B OJKCHEPUMEHTAX IO OICHKE
3 ()EKTUBHOCTH HOBBIX UMMYHOOHOJIOTHYECKUX MPEnaparoB, BKIOYAs BAaKIMHBI MPOTHUB
BUPYCHBIX U OHKOJIOTMYECKHMX 3a0oJieBaHM. BO3MOKHOCTH TPOBENEHUS AOKIMHUYECKHUX
MCCJIEIOBAHUN JIOKAJIBHOTO MYKO3aJbHOTO M T-KJIETOYHOTO HMMMYHHOTO OTBETa Ha
BBE/ICHHE MMMYHOOMOJIOTHYECKUX MpENnapaToB Ha JaOOPaTOPHBIX MPUMATaX 3HAYUTEIHHO
MOBBIMIAET TPAHCIALUOHHBIN MOTEHIIUAN MMOTYYaeMbIX PE3YJIbTATOB.

OnucanHble B JAaHHOU TJIaBE Pe3yJIbTaThl OMyOJIMKOBaHbI B )kypHaie Acta Naturae [15]
u Emerging Microbes and Infections [43], a Takke MpeACTaBICHBI HA PsI/ie MEXIYHAPOTHBIX
U POCCHUICKHX Hay4YHBIX KoH(epeHumid, Bkatouas aokian «Toolkit for monitoring of
immunogen expression and adaptive cellular response in common marmosets following
intradermal DNA immunization with electroporation» (HaGop meTommk s OIEHKH
HKCIPECCUU UMMYHOT€HOB U aJIalITUBHOTO KJIETOYHOTO OTBETA y OOBIKHOBEHHBIX UTPYHOK
nociie BHyTpukoxkHOW JHK-umMmyHM3anmuum u snexTpomnopanuu) Ha MEXKIyHApOIHOU
koH(pepenumn MexayHapogHoro BakiuHHOTo obmectBa (ISV), mpomemmeit 28-30

okTsi0ps 2018 r. B 1. ATnanTa, CIIA.
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IUTABA 3. UcnoJsib30BaHue 00bIKHOBEHHBIX HTPYHOK B IOKJIMHUYECKHX
HCCJICIOBAHUSAX 0€30IIaCHOCTH U cieM(PpUIeCKOil AKTHBHOCTH MPOPUIAKTHYECKUX

BakuuH nporus COVID-19

[Mangemusi koponaBupycHoil wuHbpeknuun 2019 roma (COVID-19), BbI3BaHHas
KOPOHABHPYCOM TSDKEJIOT0 OCTporo pecmuparopHoro cuuapoma 2 (SARS-CoV-2), mo
cocTostHUIO Ha uronb 2025 T. yHecna Oosiee 7 MIIH Ku3HEH 1Mo Bcemy mupy [82]. s
npodunaktaku COVID-19 Obutn pa3paboTanbsl mpenapaThl HA OCHOBE BCEX CYIIECTBYIOIINX
BAaKIIMHHBIX  IIaTGopMm, BkiItodas rTeHetwdyeckue [47,48], Bekropueie [49,83],
cyobenuananabie [84,85] m uHaKTHBUpOBaHHBIC [86—89] BakiuHBL. BbICOKas CKOpPOCTh
pa3BUTHS TAHJEMUU TOTPeOOBaja MPOBEACHUS UCCIEI0OBAHUN CICIIM(PUIECKON aKTUBHOCTH
u 0e30MacHOCTH KaHAMJATHBIX BaKIMHHBIX MPENaparoB B KpaTyallie CpPOKU, YTO
00yCJIOBUIIO HEOOXOAMMOCTh HAJUYMs OXapaKTePU30BAHHBIX JIA0OPATOPHBIX KUBOTHBIX
Pa3TUYHBIX BUAOB U MOATOTOBICHHON HHPPACTPYKTYPHI AJi1 pabOThI C MaTOrC€HAMH.

B nmanHoi rnaBe mpuBeneHBI pe3yJbTaThl IpuMeHeHHs mnabopatopHeix OW B
JOKJIMHUYECKUX  HCCIEAOBAHHUSIX  O€30MacHOCTH M CHeU(pUYECKONM  aKTUBHOCTHU
WHAKTUBUPOBAHHON  [(-IIPOMUOJIAKTOHOM  LIETbHOBUPHOHHOM  BakiuHbl  KoBuBak,
pazpaborannoit B OPIAHY «DOHIUWPUIT um. M.II. UymaxoBa PAH» (Muctutyt
MOJINOMUENNTA), a TaKXe Pe3yJbTaThl OJTOCPOYHOM OIICHKM HUMMYHHOTO OTBETa Ha
WHTpaHa3aJIbHOE U BHYTpUMbIIIeuHOE BBeaeHne O aneHoBUpPYCHOW BEKTOPHOW BaKIIMHBI

Cnytauk V, pazpaborannoit ®I'bY «HULOM um. H.®. 'amanen» Munsnpasa Poccun.

3.1 O030p JuTEpaATYypPHI

3.1.1 Xapakrepuctuka Bo3oyaurenas COVID-19

SARS-CoV-2 otHocutcs k moapoxy Sarbecovirus pona Betacoronavirus cemencTBa
Coronaviridae [90]. Bupuonsr SARS-CoV-2 npeactaBisitoT co00i MOKPBITHIEC JHUITHIHON
MeMOpaHOW YacTHIIbI CHEPOUTHON MITH STUTICOUIHON (HOPMBI CO CpEAHEH NTUHON MopsiaKa
97 HM B MaKCHMaJIbHOM U3MEPEHHUH, HA TOBEPXHOCTH KOTOPHIX PACTIONOKEHBI XapaKTEPHbIE
HIMITOBUIHBIE CTPYKTYPHI TPUMEPOB MOBEPXHOCTHOTO TIIMKONPOTEHHA (S) ITUHON OKOJIO 26

HM (Pucynox 12). B coctaBe moBepXxHOCTHON MEMOpaHbl BUPHOHA TAKXKE COJIEpKaTCs OEOK
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o6onouku (E) u memOpannsiit 6enox (M). BHyTpu BUPYCHBIX 4aCTHUII PACTIONOKEHBI IJIOTHO
yIaKOBaHHbIE PUOOHYKIJIEHMHOBBIE KOMIUIEKCHI, cocTosme u3 6enka Hykineokancuaa (N) u

BupycHoi reHomHo# (+) PHK nnuno# okono 30 Teic. ocHOBanHwmit [91].

TpyMepHbI LWIMNOBUOHLIN
FMUKONPOTEUH (S)

HykneonpoteuH (N)
n PHK-reHom

MembpaHHbIn 6enok (M)

Pucynokx 12 — Crpykrypa wactunr SARS-CoV-2 [ViralZone, 1lIBeliniapckuii HHCTUTYT
ounounpopmatuku, [lBeinapus]

[Tockonbky N-0enok He TMpeacTaBlieH Ha MOBEpXHOCTH BupHOHOB SARS-CoV-2,
anTuTena K N-Oenky He 001afaioT BUPYCHEUTpPAIU3YIOUIEH aKTUBHOCTBIO, OJHAKO OHU
CIOCOOCTBYIOT SJIMMHUHAIIMY UH(PHUIIMPOBAHHBIX KJIETOK [0 MEXaHU3MY aHTUTEI03aBUCUMOMN
KJIETOYHO-0IOCPEI0BAaHHOM NUTOTOKCUYHOCTH [92]. IIupoko mpuMEHsieMbl€ T€HETUYECKUE
1 BeKkTopHble BakuHbl poTuB COVID-19 conepxat reHoMHbIE MTOCHEA0BATENBHOCTH S-
oenka SARS-CoV-2 m He WHAYNUPYIOT BBIpaOOTKY aHTHTeNn K N-Oenky [47-49,83].
BroisBnenue cnenuduueckux aHTUTeNn K N-0€lIKy B CBHIBOPOTKE KpPOBU JIOJACH U
7a00paTOPHBIX JKUBOTHBIX HAOMIOJAETCS B pe3yJbTaTe IMEepPEHECEHHOW WH(EKINH,
BbI3BaHHOU SARS-CoV-2, nprMeHeHns] THaKTUBUPOBAaHHbBIX BakiuH [41,86—-89], a Takxke
MPUMEHEHUS CIEIUATM3NPOBAHHBIX BaKIIMH Ha ocHOBe N-0enka [93-95].

Ha noepxnoctu kineTk SARS-CoV-2 MOXKET CBSI3BIBATHCS € PSIIOM MOJIEKYJI, BKIIFOUAs

ructaMuHOBbId penentop HI [96], omgHako B KayecTBE OCHOBHOTO peLEnTopa s
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MPOHUKHOBEHUSI B KJIETKY BHPYC HCIOJIB3YET AHTHOTCH3WHIIPEBpAIIAOMUN (HepMeHT 2
(ACE2) [97], ¢ KOTOpBIM CBSI3BIBAETCSI BUPYCHBIN ITOBEPXHOCTHBIN IIIMKONPOTENH S. benok
S mpencrapnser co60l OOMUPHO TTUKOZUIMPOBAHHBIA TPAHCMEMOPAHHBIN OCIOK CIUSHUS
kiacca [, mpencTaBieHHBI Ha IMOBEPXHOCTHM BUPYCHBIX YacTHUIl B BHJIE TpUMEpA U
comepkamuii cyopenmuammel S1 m S2, a Takke TpaHCMeMOpaHHBIM goMeH [98].
Cyopequuunia  S1  comepkut pernentop-cBs3piBatomuii  gomed (RBD), xkotopsrit
B3anmoeiicTByetr ¢ ACE2, mocie 4ero mporucxXoauT MPOTEOTUTHIECKOE pa3pe3anne Oenka
S KJIETOYHBIMHU MPOTEa3aMU C BHICBOOOXKJIEHHEM CYOBEAMHUIIBI S2 U €€ MOCIEAYIOIINMHU
KOH(POPMAITMOHHBIMU ~ M3MCHECHHUSIMH, OOCCIICUMBAIOIMMH  CIUSHUE MEMOpaH U
MIPOHUKHOBEHUE BUPYCHBIX HYKJICOKANCHAOB B KIeTKy [97]. Takum 06pa3om, TTUKOMIPOTEUH
S u, B ocobennoctu, RBD, pacnonoxeHHbIi Ha MTOBEPXHOCTH CYOBEAUHUIIBI S1, SBISIIOTCS
OCHOBHBIMM MHUILIECHSIMA BUpPYCHEUTpanu3yromux aHntuten [99]. bpuio moka3zaHo, 4To
ypoBeHb aHTU-RBD IgG B CBIBOPOTKE KpPOBH KOPPEIHPYET C YPOBHEM HMMYHHOM 3aIUThI
mozaeit or COVID-19 [100]. Kpome Toro, Hanmuuue T-KJIE€TOUHOTO MMMYHHOTO OTBETA,
cnenuduaHoro kK S-6enky SARS-CoV-2, obecreunBaeT 3amuTy OT TSKEIOTO TCUCHUS

COVID-19 [101].

3.1.2 HpnMeHeHne H360paT0prIX ZAKMBOTHBIX B JOKIHHHYECCKHX MHCCICA0OBAHUAX

cnenupuIeckol akTUBHOCTH BakiuH nporus COVID-19

CormacHo ®enepansaomy 3akoHy ot 12 ampens 2010 r. Ne 61-d3 «O6 obpamennun
JIEKapCTBEHHBIX CPEACTBY», JOKIMHHYECKHE WCCIEIOBAaHUS JIEKAPCTBEHHBIX CPEJICTB
OPOBOJAATCA IyTeM TPUMEHEHHUS HAy4YHBIX METOJOB OIEHOK B IMEISIX IOJYYCHHUS
JI0Ka3aTeIbCTB X 0€30MacHOCTH, kKauecTBa U 3 pextuBHOCTH. [Ipu 3TOM peructpanmoHtoe
J0Che  TpemaparoB  JOJDKHO  BKJIIOYaTh  OTYETHl O  (papMaKOJAMHAMHYECKHX,
(bapMaKOKMHETUYECKUX U TOKCUKOJIOTHYECKUX UCCIEAOBAHMSIX.

Jns BakuuH mpoBeaeHHE (PAPMAKOKHHETUYECKUX HCCIECIOBAaHUN KaK MPaBUIO HE
TpebyeTcs, Tak Kak (POKyC JOKIMHUYECKON OLIEHKH CMEIIEH Ha U3y4YeHNE UMMYHOTE€HHOCTH
u tokcukonornueckoro mpoduns (WHO Technical Report Series, No. 927, 2005).
Tokcukonoruueckue MCCIeOBaHUS BaKIMH MPOBOAITCS Ha TPBI3YHAX M KPOJUKAX C
MPUMEHEHUEM METONUK, Mn3noxkeHHbIX B nokymeHTax ICH (International Council for

Harmonisation of Technical Requirements for Pharmaceuticals for Human Use), Pemenunsx
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Cosera EBpazuiickoii s5koHOMUYecKkol koMuccuu U JokalbHbiX 'OCTax, a Tak:ke METO/IHK,
onucaHHbIX B YacTu BTOpo PykoBOACTBA MO MPOBEACHUIO JOKIIMHUYECKUX UCCIIEAOBAHUN
JekapcTBeHHbIX cpeaAcTB (MMMyHOOHOMOTHYECKHE JeKapcTBEHHbIE mpemnapats) [102].

Crennduyueckyro akTUBHOCTh BaKIIMH Yallle BCEro M3Y4aloT B OMbITaX C UMMYyHHU3aluen
7a00paTOPHBIX TPHI3YHOB C  MOCJIEAYIOIIMM  ONPECICHHEM THUTpa AaHTUTEN K
COOTBETCTBYIOIIEMY BO30YIUTEIIO B CEPOJIOTMUECKIX UITU UMMYHOXUMUYECKUX PEaKIUsX,
a TaK)Ke B ONBITAX IO OLEHKE NPOTEKTUBHOW AKTUBHOCTH Ha PEJIEBAaHTHBIX MOJEISX,
oOecreynBaromeld yCTOWYUBOCTh BaKIIMHUPOBAHHBIX JKMBOTHBIX K cClenu(uueckomy
MH(DEKIIMOHHOMY areHTy. B Tex ciywasx, koraa npu (GOpMHpPOBAHUU B PE3yJIbTaTe
BaKIIMHAIIMK HEBOCIPUUMYHUBOCTH K WH(PEKIIMOHHOMY areHTy KJIETOYHBIC MEXaHH3MBI
UTPAIOT CYIIECTBEHHYIO POJIb, TOJKHBI ObITh U3yUYEHBI TOKa3aTeNl KJICTOYHOTO UMMYHHOTO
otBera [102].

VYuursiBasg, uro SARS-CoV-2 npenmyilleCTBEHHO NPOHUKAET B OpPraHU3M 4epe3
SIUTEINN BEPXHHUX JbIXaTEIbHBIX MyTEH, MHTpaHa3albHble BakUuHbI MpoTtuB COVID-19,
CHEIUANbHO HallEJICHHBIC HA BXOJHBIE BOPOTA MH(EKIMN U HANPABICHHbIE HA WHIYKIIHUIO
MECTHOTO  MYKO3aJbHOTO  MUMMYHHUTETa, MOTYT  MPEBOCXOAUTH  BAKIUHBI €
BHYTPUMBIIICYHBIM  BBEJICHHMEM B  CIIOCOOHOCTHM  NPENOTBpaliaTh Kak  BUpPYC-
acCCOLIMMPOBAHHBIN MATOreHe3, Tak W nepenayy uHpeknuu. Takum oOpa3oM, CyIIeCTByeT
HEO0OXOAMMOCTh B J1a0OPATOPHBIX KUBOTHBIX, MO3BOJISIONIUX MPOU3BOJIUTH IOCTOBEPHYIO
OLIEHKY HE TOJBKO CHCTEMHOTO MOCTBAKI[MHAJIBHOI'O T'YMOPAJIbHOIO M T-KJIETOYHOro, HO

TAK¥XKC JIOKAJIBbHOTO MYKO3aJIbHOI'O MMMYHHOI'O OTBCTA.

3.1.2.1 Ouyenka npomeKmueHoll AKMUBHOCMU KAHOUOAMHBIX 6AKYUH HA J1A00PAMOPHBIX

HCUBOMHDBIX

Haubonee yacto B kauecTBe Ja0OPATOPHBIX TECT-CUCTEM JJISI OLEHKHU MPOTEKTUBHOU
AKTUBHOCTM KaHJWJATHBIX BakKUMHHBIX npenapatoB npotuB COVID-19 B ombiTax ¢
AKCHEPUMEHTAIBHBIM 3apaKEHUEM UCIONIb3YIOTCS BocnpuuMurBbie K SARS-CoV-2 BuibL:
T'YMaHU3UPOBAaHHBIC JTUHEWHBIC MBI (Mus musculus), cupuiickue xomsiku (Mesocricetus
auratus), xopeku (Mustelaputorius furo) n mabopatopusie mpumatsl [103].

OCHOBHBIMH NPEUMYIIECTBAMH CUPUICKHX XOMSKOB B Kau€CTBE HKCIEPHUMEHTATBHON

TECT-CUCTEMBbI [IJI1 OLEHKH TPOTEKTUBHOM aKTUBHOCTM BakuuH mpotuB COVID-19
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SABJISIIOTCSL UX €CTECTBEHHAass BOCIPUUMUYUBOCTh K SARS-CoV-2 u HeBBICOKas CTOUMOCTb.
[Tocne MHTpaHA3aTBHOTO 3apaXKEHUSI Y CUPHUCKUX XOMSKOB (OPMHUPYETCS BbIpa)KEHHAs
BUpPyCHas TMHEBMOHHS, Kak TMpaBWIO HE MNpUBOAAIIAsS K THOETH JKUBOTHBIX U
3aKaHYMBAIOIIAACS KIMHUYECKUM BBI3JIOPOBICHUEM. YUYUTHIBAEMBIMH MapaMeTpamMu B
AKCHEPUMEHTAJIBHBIX W KOHTPOJBHBIX TPYINax B OINbITaX IO OLEHKE MNPOTEKTUBHOU
AKTUBHOCTH KaHIAUAATHBIX BAKIMHHBIX MNPENaparoB Ha CHPUKUCKUX XOMSKAX SIBISIOTCS
Macca Tella JKUBOTHBIX, YPOBHM BUPYCHOM HAarpy3ku B TKaHSAX JETKUX U CMBIBAX C
JBIXATENbHBIX MYTEH, a TAK)Ke OIlEHUBaeMas B Oaliax CTENeHb BHIPAXKECHHOCTH THEBMOHUU
MIPU TUCTOJIOTUYECKOM HCCIIEIOBAHUU JIETKUX B KOHEYHOU TOYKE, YTO OBLIO OMHMCAHO HAMU
panee [41,85]. IlockosbKy yHIOMSHYTBIE NapaMeTpbl IOJBEPKEHbl 3HAYUTEIBHOU
M3MEHYMBOCTH B 3aBUCHUMOCTH OT YCJIOBHI dKCIEPUMEHTA, JUIsl MPOBEACHUS JOCTOBEPHOU
CTATUCTHYECKOW OLEHKH Pa3IUYuil TpeOyeTCs IMOBBIINICHUE YWCICHHOCTH >KUBOTHBIX B
SKCHEPUMEHTAJbHBIX rpynnax. Kpome Toro, cymiecTtByeT OrpaHHYEHHOE KOJUYECTBO
BAIUJAMPOBAHHBIX METOAMK U CICHHAIM3UPOBAHHBIX PEAreHToB s paboThl ¢
OroMaTepuanoM, MOJYyYEHHBIM OT CUPUHCKUX XOMSKOB, UTO 3HAUUTEIFHO OTPAHUYMBACT UX
MPUMEHEHUE B KA4yeCTBE OHKCIEPUMEHTAIBHON MOJEIN I JACTAIbHOTO H3y4YEHUs
cnenupruyYecKoro MOCTBAKIIMHAIEHOTO UMMYHHOTO OTBETA.

Mpimmm nuann C57BL/6, reHeTnyeckun MOIu(UITMPOBAHHBIE C IETBI0O AKCIPECCUU
(¢parmenTa gemoBeueckoro reHa, kogupytomero ACE2 (9k30H 6, UHTpOH 6, 9K30H 7 M
nmonu(A)) mox mpomotopoMm ruTokepatuHa 18 (K18-hACE2), ucxomuo 6sutn pazpaboTanHbl
JUISE  MOJENUPOBaHUS HWHQEKINH, BBI3BIBAEMONW KOPOHABHUPYCOM TSKEJIOTO OCTPOTO
pecriupatopHoro cunapoma (SARS-CoV), BbI3BaBIIMM BCIBIINKY 3a00J€BaEMOCTH B
kutaiickoit npoBuHIMU ['yauays B 2003 r. [104]. ITonyuennas auaus K18-hACE2 mupoko
WCIIOJIb3yeTCsl A MojenupoBanus uH(pekuu, Bbi3biBaeMoil SARS-CoV-2, a Takxke
WCIBITAHUA TPOTHUBOBUPYCHBIX MPENAPATOB M KaHAUAATHBIX BaKIUH. Y HHTPaHA3aJIbHO
3apaXCHHBIX J>KMBOTHBIX HaOmMomaeTcss WHQEKIUs apixaTeabHbix myTed [105], omHako
maroreHes COVID-19 y KI18-hACE2 wpimeir wMeeT 3HAYUTENbHBIE OTIHYHS OT
HaOmogaemMoro y irofeil. Tak, mociae SKCIepUMEHTaIbHOTO 3apayKeHUsl THOEIb KUBOTHBIX
HaOJII01aeTCsl B CPETHEM Ha 7 CYTKH B pesyibTare mopaxkeHus mosra [106]. [Ipuunnoi
YKAa3aHHbIX OTJIMYMA MOXET SBIATBCS TO, YTO XOTS TI€H UWUTOKeparnHa 18

NpECUMYIICCTBCHHO SKCIIPECCUPYCTCA B SIIMTCIINAJIbHBIX KJIICTKAX, ObLIa TaK)Ke MOKa3aHa €ro
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JKCHpEcCUsl B HEWpPOHAX B KOpPE M CTBOJIE rosioBHOro mosra [107]. B HacTosmee Bpems
nmpoaokaeTcs pa3padorka HOBBIX Mozenert COVID-19 Ha ocHOBe Mplme, 0oiee TOIHO
BOCIIPOM3BOISIIIMX MMaTOTeHE3, HabMomaembIil y uenoBeka [108].

JlabopaTopHbIE TECT-CUCTEMBbl HAa OCHOBE YMOMSHYTHIX BHJIOB KHMBOTHBIX YCIIEHIHO
MPUMEHSIOTCA B pa3pab0TKe TepaneBTUUYECKUX U MPOPUIAKTUUECKUX MPErnapaToB MPOTUB
COVID-19, ognako orpaHHY€HHBIN CPOK KU3HU JTa00PATOPHBIX TPHI3YHOB U 3HAYUTEIIbHbBIE
OTNUYHMS HMX HMMMYHHOW CHCTEMBI OT YEJIOBEUECKOW HE TMO3BOJSIOT MPOBOJIUTH
JOJTOCPOUYHBIE UCCIENOBAHUS CHEIU(PUIECKOTO MOCTBAKIIMHAIBHOTO TYMOPaIbHOTO U T-

KJIETOYHOTO UMMYHHOT'O OTBETa C BBICOKMM TPAHCISLHOHHBIM NoTeHnuaioMm [ 109].

3.1.2.2 Ilpumenenue o00ObIKHOBEHHBIX UZPYHOK 6 OOKIUHUUECKUX UCCTe008AHUAX

np0¢uﬂal<muttec1<ux 6AKYUH npomue 3(160]16’6(1””&, 6bl3bléaemsblx KOpornasupycamu

Ha pannux cragumax pazutus nanaemun COVID-19 OM BocnpuHUMAIUCh Kak
MEPCHEeKTUBHAS TPUMATHAs MOJENb JUIsl JTOKJIMHUYECKUX HCCIEJOBAaHUN MPOTEKTUBHOU
aKTUBHOCTU  pa3padaThlBa€MbIX  KAHAWJATHBIX  MNPOPUIAKTUYECKUX  BaKIUH U
MPOTUBOBHUPYCHBIX JIEKAPCTBEHHBIX MPENAapaToB BBUAY psiaa npuyuH. Bo-nepBrix, Hanuune
KOJIOHMM OxapakTepu3oBaHHbIX OW, poAMBIIMXCA U TOCTOSHHO COJEPKAIUXCS B
MOMEIIECHUSIX, TPUCTIOCOOIeHHBIX A paboTsl ¢ IIBA, onucannoii B ['naBe 1, mo3Bomsier
HaOUpaTh HEOOXOAMMOE KOJUYECTBO >KMBOTHBIX B OKCIEPUMEHTAIbHBIE TPYIIBI B
KpaTyaiiimue cpoku 6e3 HeoOXOIUMOCTH JOMOJIHUTENFHON AMUTEIHHOW aKKIMMaTH3ALINH.
Bo-Brophix, = Hamumume  OTPabOOTAaHHBIX  METOAMK  OICHKH  CHEHU(UYECKOro
MOCTBAaKIIMHAIBHOTO CUCTEMHOI'0 TyMOPaJIbHOTO, a TAaKXKe JIOKAJTbHOTO MYyKO3albHOTO U T-
KJIETOYHOrO MMMYyHHOro otBeta y OW, omucannbix B ['maBe 2, mo3BosisieT MPOBOJIUTH
JETAIBHYIO OLEHKY CHEIU(PUUIECKON aKTUBHOCTH KaHIUAATHBIX BAaKIIMHHBIX MPENapaToB.

OU ycnemrHo HCMOIb30BATUCh HECKOIBKHUMH HAyYHBIMU TPYIINAMUA 7S HU3y4YEHUs
nH(QEKIUi, BBI3BIBAEMBIX JBYMs BUpycaMu u3 pojaa Betacoronavirus: SARS-CoV u
KOpOHaBHpyca  OmmKHEBOCTOYHOTO  pecnuparopHoro  cuHapoma  (MERS-CoV),
BBI3BABIIMMH BCIIBIIIIKH TSOKEIOTO OCTporo pecrnuparopHoro cuaapoma (TOPC) u
OnmxHEBOCTOUHOTO pecnupatopuoro cunapoma (BBPC) B 2002 wu 2012 rr,
COOTBETCTBEHHO. 3apaxkeHue kak SARS-CoV, tak m MERS-CoV BwBpBact y OU

(I)OpMI/IpOBaHI/Ie ITHEBMOHHWHN U BHCJIICTOYHBIX HOp&)KGHPIfI, CXOAHBIX C TAKOBBIMHU Y YCJIOBCKA
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[110,111], d4Yro, B YaCTHOCTH, IO3BOJHIO HCIHOJb30BaTh OW B JOKIMHUYECKUX
HCCIIeIOBAaHUSIX KOMOMHUPOBaHHBIX cxeMm Jieuenuss bBBPC [112].

[Ton pykxoBoactBom aBtopa B ®I'AHY «OHIIUPUIT um. M.II. UymakoBa PAH»
(Mactutyr mnomuomuenuta) Ha sgaboparopusix OW  Obulo TpOBEAEHO HU3Yy4YEHUE
0€30MacHOCTH U CHeUU(PUUEeCKOl aKTUBHOCTH KOMOMHHPOBAHHON BEKTOPHOM BaKIIMHBI
BBPC-T'amBak-Kom6u, paspaborannoit corpyauukamu POI'BY «HULOM wum. H.O.
["amanen» MunsnpaBa Poccun Ha 0CHOBE peKOMOMHAHTHBIX aICHOBUPYCOB YeloBeKa 26 u
5 cepoTHuIoB, SKcIpeccupyronux raukonporenH supyca MERS-CoV (u3onsat EMC/2012).
bouio mokaszano, BBenenne OU nByx xommnoneHtoB BakiuHbl BBPC-I'amBak-KomOu c
uHTEpBaoM 21 neHb B J103€ 10! BUPYCHBIX YaCTHI] HA )KUBOTHOE HE BBI3BIBAJIO 3HAUMMBIX
M3MEHEHHM YyPOBHSI MOKA3aTeNe 00IEro COCTOSHUS 310POBbsS 1 OMOXUMHUYECKOTO aHATN3a
KpOBM M TPHUBOAMUIO K BbIpaOOTKe BupycHeUTpanmusywoommx aHturel, CI'T KoTopsix
coctasuna 1:160, 1:403, 1:3225 u 1:3225 uepe3 7 nueid, 24 nus, 3 Mmecsna u 6 MecsIEB,
cOoOTBETCTBEHHO [45]. Uepe3 12 mecsueB mocie BaKUWMHALMK B ChIBOPOTKE KpoBu OU
COXPaHSUINCh BBICOKHE THUTPHI BHUpycHeHTpanusyromux antuten (1:2560-1:5120) [44].
Taxxe corpynmaukamu OI'bBY «HUIIOM um. H.®. I'amanen» Munzapasa Poccun Obu10
yctaHoBieHo, uto BakmuHa BBPC-I'amBak-KomOu o6ecneunBana 100% 3amwurty ot
netansHoN nHpexkmn MERS-CoV Ha Moaenn TpaHCTEHHBIX MBIIIeH [45].

B kauectBe ocHOBHOro peuentopa misg Bxoga B kietky MERS-CoV wucnons3yer
munenrtuaunnentuaasy-4 (DPP4) [113], torna kak SARS-CoV ucnonb3zyer ACE2 — 1ot
xe peuentop, uto 1 SARS-CoV-2 [114]. [losToMy Ha paHHHX 3Talax pa3BUTUSA NaHAEMUN
npeanosiaragock, yto ON okaxyrcs BocnpuuMuuBbl K SARS-CoV-2. Tem He MmeHee,
unTparpaxeansHoe Beeaenne OU no 10° TCID Bupyca SARS-CoV-2 BapuanToB YXaHb
(B.1.1,D614G) u genbra (B.1.617.2), mpoBeneHHOE aBTOPOM, HE IPUBEIO K POPMUPOBAHHIO
MTHEBMOHUU Yy KUBOTHBIX. bojiee TOro, B Te4€HHUE TpeX CyTOK MOCIIE IKCIEPUMEHTATBHOTO
3apakeHus 10 JaHHbIM uccienoBanus MeronoM I[P ¢ nerexkuuen B peanbHOM BpEeMEHU
BHpPYCHas Harpy3ka B CMbIBax C BEPXHHMX JbIXarelbHbIX nyTeit OW cHuxkanace A0 He
JIETEKTUPYEMOT0 ypOBHS (HEOMyOJIMKOBaHHBIC JaHHBIE). CXOXHE pe3ynbTaThl OBLIN
MOJIyYEHBI U APYTUMU rpynnamu ucciaegonareneit [115,116].

BunoBas BOCIIPUUMYHUBOCTD JKUBOTHBIX K SARS-CoV-2 OIpeIeNsAeTCS

nocnenoBarenbHocThio oproioroB ACE2 [117,118] B ydactkax ux cBsizeiBanusi ¢ RBD
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o6enka S SARS-CoV-2. IlocnenoBatenbHocTh opToiora ACE2 OU comep uT yeThipe
3aMeHbI B yuacTkax cBa3biBaHusi ¢ RBD otHocutensHo uenoseueckoro ACE2: Y41H, Q42E,
MS82T u G354Q. CornacHo pe3yibTaTaM, MOJIYYECHHBIM in Vitro IyTE€M JKCIPECCHH I'eHa
ACE2 OU u ero Mmoaudukanuii B KyIbType KiIeTok AS549, HaTUBHAS MOCIIEIOBATEIHHOCTD
ACE2 OU He noaaep:xuBaeT BO3MOXKHOCTh IPOHUKHOBEHHS BUpYyCa B KIIETKH, TOTJa Kak
BHECEHHE B Hee JBYyX «ryMmanusupytonmx» 3ameH (H41Y, E42Q) oOecneuuBaer
BOCHPUUMUYUBOCTb KJIETOK K 3apaxkeHuto [117].

Takum o6pazom, ecrectBerHass HeBocpunMunuBocTh O k SARS-CoV-2 uckmirounna
BO3MOKHOCTh UX MCIIOJIb30BAHMS B UCIIBITAHUSAX POTEKTUBHOM aKTUBHOCTH KaHAUAATHBIX
BakiuH. B TO e Bpewms, ganHHas BuaoBas ocoOeHHOCTh OW mo3BonmMIIa TpoOBECTU
JOCTOBEPHYIO OIICHKY CIeHU(PUUecKoro MOCTBAKIMHAILHOTO HMMYHHOTO OTBETa Ha
BBeJIeHHE JIBYX pa3pabotanHbix B Poccun Bakuun npotuB COVID-19 ¢ rapanTupoBaHHbIM
UCKJIIFOYEHUEM BIIMSIHUS TMOTEHUUAJIBHOIO HE3aPErMCTPHUPOBAHHOIO  3apa)KEHUS  OT
71a00paTOPHOTO TMEpPCOHANa B YCIOBUSAX MOCTOSHHOW BHUPYCHOM IUPKYJISAIMA B XOJE
MaHJEMUH, a TAaK)Ke MPOBECTH JOJITOCPOUHBIE HCCIEOBAHUS CTAOUIBHOCTH U CO3PEBAHUS

MMOCTBAKIWMHAJIBHOIO MMMYHHOI'O OTBETAa Ha BBCACHHUC YIIOMAHYTBLIX BAKIIWH.
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3.2 OueHka 0e30macHOCTH U crienM(puvecKkoil AKTHBHOCTH HHAKTHBUPOBAHHOM

KOpOHaBprCHOﬁ BaKIIMHbI KoBuBak Ha 00bIKHOBEHHBIX HI'PYHKaXx

B nmanHom pazgene omucaHo npumeHenwe nabopartopubix OU B mOKIMHHYECKHX
UCCJIEIOBAaHUAX O€30MaCHOCTH W CHEeUU(PUUIECKON aKTUBHOCTH HMHAKTUBHUPOBAHHOW [3-
MPOTIMOJIAKTOHOM  IIEJTbHOBUPUOHHOW OYHWIIEHHOW COpPOMPOBAaHHON KOPOHABUPYCHOMU

BakuuHbl KoBuBak npomsBoactsa ®I'AHY «®HIIWPUIT mm. M.II. YymakoBa PAH»

(MHCTUTYT MOIMOMUEITHTA).

3.2.1 MeToasbl

3.2.1.1 /labopamopHhule scusommsle u OYeHKA 00UL€20 COCMOAHUA UX 300P08bA

UccnenoBanue mnpoBeaeHo Ha OM, poAMBIIMXCA M MHOCTOSHHO COAEPIKABIIMXCS B
Jlabopatopuu. iToroBas 4ncieHHOCTb >KUBOTHBIX, HCTIOJIB30BaHHBIX B pabote — 10 ocobeii
(5 camioB u 5 camok) B Bo3pacte 2—5 net: 7 (3 camua u 4 caMKH) B TpyIIiIe, MOTy4YUBIIEH
BakiuHy KouBak, u 3 (2 camma u 1 camka) B KOHTPOJIbHOM TpyTIIE.

HeranpHbie ycnoBust conepkanuss OW, pexxum KOPMIIEHHSI, YCIOBHS TPOBEACHUS
AKCIIEPUMEHTATBHBIX MAaHUMYJISALNUNA, METOJUKN UICHTU(DUKAIIUU U OMPENETICHUS MACChl U
TEMIIepaTyphbl Tela, a TaKKEe METOAHMKA OLIEHKH OOIEero COCTOSHMS XUBOTHBIX B XOJI€
skcriepuMenTa onucanbl B ['maBe 1. ID KMBOTHBIX B TaONMIIAX COOTBETCTBYIOT YETHIPEM
NocJIeAHUM I paM KoAa MOJKOKHOTO PagUOYHIa.

[Ipotokon uccnenoBanust ogo0pen studeckuM komutetom GI'AHY « OHIIUPUII um.
M.II. UymakoBa PAH» (Muctutyr mommomuenuta). B xome skcmepumeHTa HHM OJHO

YKUBOTHOE HE JIOCTUIJIO T'YMAaHHON KOHEYHOU TOYKH.

3.2.1.2 UmmyHu3zauusa »cugomHvlX UHAKMUBUPOBAHHOU YeIbHOBUPUOHHOU OYUULCHHOTL

copouposannoii eakyunou npomue COVID-19

Brigenenne BakKIMHHOTO IITaMMa U pa3padoTKa TEXHOJIOTHUHU MPOU3BOACTBA BAKIIMHBI
MPOBOJMINCH COTPYJIHUKAMH YTIpaBleHUsl pa3pabOTKU W BHEAPEHHUS MHHOBAIIMOHHBIX U
MOJIYIIPOMBIIIICHHBIX TEXHOJOTUH moj pykoBojacTtBoM K.0.H. A.H. IlunseBoii, a Takxke

COTPYIHUKAMU Ja0OpaTOPUU TMOJMOMHENIUTAa U APYTUX SHTEPOBUPYCHBIX HHQPEKIUNA C
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pedepenc-neaTpom BO3 o Hagzopy 3a momuomuenutom OI'AHY « DHIIUPUIT um. M.IT.
YymakoBa PAH» (MucTuTyT monmomuenura) noj pykooactsom a.0.H. JI.W. Koznosckoit.

Baknunneiii mramm  SARS-CoV-2 AYDAR-1 (GISAID EPI ISL 428851) Obun
BbIJIeJIEH U3 Maszka u3 HocorjoTku nanuenta ¢ COVID-19 [41]. [Ipouecc npou3BoacTBa
BakuuHbl KoBnBak BKIIOYan HAKOIUIEHHWE BHPYCHOM CYCIIEH3UM B KJIETKax Vero
(Biologicals, BO3, IlIBeiiniapusi) Ha MUKPOHOCHUTENSAX, HHAKTUBALMIO P-TPOMUOIAKTOHOM
(1:1000—1:2000 (00./06.)) mpu 4 °C B Tteuenue 24-48 u, ynpTpadUIBTPALHIO,
anaduIbTPALNIO, XPOMATOrpadUuecKyl0 OYHCTKY, CTEPIWIM3YIONIYI0 (QWIBTPALUI0 U
no0aBeHUE TeJIsl THAPOOKUCH aTIOMUHUS B Ka4eCTBE aabloBanTa [41].

3a nBa HSA 0 BBEACHUS MEPBOM J03bI BAKIIUHBI )KMBOTHBIE OBLIM PaHIOMHU3UPOBAHBI
METOJOM CIIyYalHBIX YHCEJI U PACCa)KE€Hbl NOMapHO B KieTKH. HemocpeacTBeHHO mepen
BBEJICHHEM NIEPBOM J03bI BAKIIMHBI, a TaKXkKe yepe3 14 gHeit Oblu moxyyeHsl 00pa3iibl KpOBU
KUBOTHBIX JIJISl OLIEHKH OMOXMMHUYECKUX U T€MaTOJIOTMYEeCKUX MTOKa3aTelel U OnpeaeeHus
TUTpa Cleuu(pUUecKux BUPYCHEUTpAIU3yIOUUX aHTUTen mpotuB Bupyca SARS-CoV-2,
nociie yero WHCynMuHOBBIM mmpuiem ¢ urinoit 30G (BD, CIIIA) B OenpeHHbIE MBIIIIIBI
MPaBOM M JIEBOM HWIKHUX KOHEYHOCTEW >XKUBOTHBIM H3 DKCIIEPUMEHTAIBHON TIPYIIIbI
BBoawiM 1o 250 MK mpenapaTa WHAaKTUBHUPOBAHHOW IIEJIbHOBUPUOHHOW OYHWINEHHOU
copbupoBanHoi BakiuHbl KoBuBak B BHe CycneH3UU I BHYTPUMBIIICYHOTO BBEICHUS
(cymmapnsiii BBeeHHBIM 00beM — 500 MK Ha KUBOTHOE), NMPU OTOM OJHO KUBOTHOE
MOJIYYHJIO BaKIIMHY B J103€ 3 MKT 10 S-0€Ky, U 6 >KUBOTHBIX MOJYYUIIM BaKIMHY B J103€ 6
MKT 10 S-0enky. JKuBOTHBIM M3 KOHTPOJBHOUM TPYMIBI B T€ K€ THU BBOAMIN Ipemapar
iamnedo, CoAep>KaBIINN HCIOIb3YEMbIl B BaKIIMHE abIOBAHT (THIPOOKHUCH ATIOMHUHHS),

TEM K€ MMYTEM B TOM K€ 00beMe.

3.2.1.3 Ouenka zemamonouveckux u OUOXUMUUECKUX NOKazameeil Kposu 6

3l<cnepumeumaﬂbuoﬁ u KOHmPOJleOﬁ spynne

B3situe 00pa3noB KpoBM IS OLEHKH TE€MAaTOJOTHYECKUX U OHOXMMHYECKUX
nokaszarened kposu B rpymnme OU, monyumBmmx BakiuHy KoBuBak, U B KOHTpOJbHOU
rpynne MpoBOJIWIA HENMOCPEACTBEHHO IIEpE]l BBEICHUEM MEPBOM J03blI BAKI[MHBI, & TAKKE

yepes 7, 14, 21 u 28 cyTOk B COOTBETCTBUM C METOJMKAMHU, OMMCaHHbIMU B ['1aBe 1.
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3.2.1.4 Onpeoenenue ypoensa eupycueiumpanuzyrouwux anumumen k SARS-CoV-2 ¢

CbleOpoOmKe Kpoeu

OmnpeneneHue ypoBHsS CHEMU(UUECKUX BHUPYCHEHUTPATM3YIOIIUX AHTUTEI K BUPYCY
SARS-CoV-2 B ceiBopoTke kpoBu B rpynne OU, momyumBmmx BakuuHy KoBuBak, u B
KOHTPOJBHOM TpyNnme MPOBOIWIN HEMOCPEACTBEHHO NEpel BBEACHUEM IMEPBOM H03bI

BaKIIMHBI, a Takxe yepe3 7, 14, 21, 28, 35 u 49 cyTok B peakiiuy HeUTpaau3alui.

Ilopaoox nposedenusn peakyuu Heumpaiuzayuu

[locTaHOBKY peakuy HEUTpadu3aludd MPOBOAUIM COTPYIHUKH JabopaTopuu
MOJIMOMUENNTA W JAPYTUX SHTEPOBUPYCHBIX HHGeknuii ¢ pedepenc-uenrpom BO3 mo
Haa3opy 3a nonuomuenutoM GI'AHY « DHIIUPUII um. M.I1. YymakoBa PAH» (MacTutyT
MOJIMOMUENHTA) 1O pyKoBoACTBOM 1.0.H. JI.. Ko310BcKkoii B COOTBETCTBUHM C MPaBHIAMU
pa6otsl ¢ [IBA Il rpynmbsl maTOreHHOCTH.

Jns mpoBeaeHus peakuuu HelTpanusanuu ucrnonb3opain mramm [TMK35 SARS-CoV-
2 (GISAID ID EPI _ISL 428851), BelieneHHBIM U3 Ha30(apUHTAIHLHOTO Ma3Kka OOJBHOTO
COVID-19 u npomeamnii 4eTblpe MOCIEI0BATENbHBIX MMACCAKA B KYyJIbType KIETOK Vero
[41]. LlITamm BeI3BIBaN muTomarunaeckuid dpdexrt (LII1D) Ha KympType KIeTOoK.

Kierkn Vero Hanocwinn Ha 96-IyHOYHBIE IJIOCKOJAOHHBIE IUIAHIIETHI B cpenae Mria
MEM (Eagle's minimal essential medium) ¢ 1BOHHBIM HA0OPOM AMHUHOKHCIIOT U BUTAMUHOB
c no0aBlieHHEeM aHTHOMOTUKOB (TMEHUIMIUINH, CTpEeNTOMHUIMH) U 5% deTanbHON Oblubeit
ChIBOPOTKH. Ha 3—4 CyTKM 110 JOCTHUKEHUHU MOJHOTO MOHOCIOS KJIETKH MCIOJIb30BaIN IS
MPOBEJCHUS PEAKIUU HEUTPATU3ALNH.

B kpyrinonoHHbIX 96-1yHOUYHBIX IUIAHIIETaX TOTOBWIM CEPUHM M3 BOCBMH 2-KPAaTHBIX
pasBeneHU CHIBOPOTKHM Ha cpeae Mrma MEM, momudurnmpoBanHoit mo JlynbpOexko
(AMEM, OHIUPUIT um. M.II. UYymakoBa PAH (Muctutyr mnommommenura)). K
pa3BEeICHUSIM CBHIBOPOTKH JO0ABIsUIM paBHBI O0BEM BUpYyCCOAEpKALIEH KHIKOCTU
(koneunas nosza 100 TL/dso Ha AyHKY) IJIsl HOJY4YEHUS CEPUM PaA3BEACHUN CHIBOPOTKHU
HauymnHasi ¢ 1:8. CMmecu cbIBOpOTKH U Bupyca nHKyoupoBanu npu 37 °C B Teuenue 1 4, mocine
4yero J00aBIIsiid K MOHOCIIOIO KJIETOK Vero Ha 96-IyHOUHBIX TJIOCKOJOHHBIX IUTAHILIETaX B

2 noBropHOcTax. Knetku unkyouposanu npu 37 °C u 5% CO: B TeueHue nsiTu CyToK.
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B kaxmoM »KCrieprMEHTE MPOBOAWIM TUTPOBaHWE OTpUIaTelbHOro (docharHo-
coJieBoM Oydep) 1 MOI0KHUTENBHOTO (CTaHJapPTHASI CBIBOPOTKA PEKOHBATIECIIEHTA) KOHTPOJIS
Y PaCTUTPOBKY J03bI BUpYcCa.

Ha 5-e cytku mociie 3apaxeHust yuuTbiBasid npu3Haku {19 BuU3yanbHO ¢ MOMOIIBIO
CBETOBOI'0 MUKPOCKOIIA.

TuTp CHIBOPOTKH paccuuThiBaiIu corinacHo popmyne Kepbepa:

lg Turpa=L —d (S—-0,5), rue:

L — lg HaumMeHbI11ero pa3BeIeHUs B OIBITE;

d — pa3znuma Mexay lg mociemoBaTeIbHBIX Pa3BEICHHIM;

S — cyMMma nponopiuii NoJIOKUTENBHBIX TECT-€IUHUIL, T.€. KyJAbTyp ¢ L1139 B kaxxaom
pa3BEICHUMU.

Kaxnyro CbhIBOPOTKY HCCIEAOBaIM B pPEAKUMH HEUTpAIM3alUd WHIUBUAYAJIBHO.
Cpennunii reomerpuueckuii tutp (CI'T) paccuuThiBaJii HAa OCHOBAHUM YCPEIHECHHS

PE3YIHTATOB MO0 BCEM KHUBOTHBIM M3 OAHOU IpyNIbl HA | TOUKY HaOMIOIEHNUS.

3.2.1.5 Cmamucmuueckuii anaiusz

CTaTUCTUYECKYIO OLIEHKY IOCTOBEPHOCTH PA3IUYHI UCCIIETyEMBIX TApaMeTPOB 00IIEro
COCTOSIHUS  37I0pOBBS, TEMIIEpaTyphl Tejla, MacChl Tela, OHOXUMHUYECKUX U
reMaToJOTUYECKUX  [OKa3aTelled KPOBH  JKMBOTHBIX, TMPOBOAWIA C  TOMOIIBIO
nByx(akTopHOrO aucriepcMoHHOro ananusa (2-way ANOVA) ¢ mompaBkoit Geisser-
Greenhouse. MHOXECTBEHHBIC CPAaBHEHMsS TIPOBOIMIM C IIOMOIBIO Tecta Sidak.
CTaTUCTUYECKYIO OIICHKY JIOCTOBEPHOCTH pa3lIMYUil HCCIEIyeMbIX MapaMeTpOB THUTpa
BUpycHeWTpanu3yromux aHtutel K SARS-CoV-2 B 3kcnepruMEHTaNbHON U KOHTPOJBHOU
rpynne IMpoBOAWIM C HCHOJIb30BaHMEM Tecta MannHa-YutHu. PacdeTsl mpoBogunu ¢
WCIIOb30BaHueM mporpamMmMmHoro obecrmeuenus GraphPad Prism 9 (v. 9.3.1, GraphPad,

CILIA). Paznuuus cuntanu nocroBepusiMu pu P < 0,05.
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3.2.2 Pe3yabTaThl

3.2.2.1 CpasnumenvHas oueHKa o00uie20 COCMOAHUA 300pP0B8bA, MACCHL Mmend,
memnepamypsl mena, OUOXUMUUECKUX U 2eMAMOJI02UYecKUX noKazameneil Kpoeu

HCUBOMHDBIX 6 IKCREPUMEHMAIbHbLX 2pynnax

B wuccnenmoBanum B oOmei crnoxkHoctu ucnonb3zoBanu 10 OU. XuBoTHbiM U3
AKCIIEpUMEHTAIBHON Tpynmbl (3 camia U 4 caMKu) BHYTPUMBIIIEYHO BBOJIWIM Ipemapar
WHAKTUBUPOBAHHON LEIbHOBUPHOHHON OUYMIEHHOW copOupoBaHHOM BakiuHbl KoBuBaxk
JBAXbl C HHTEPBAIOM 14 CyTOK, IPH 3TOM OJHO >XKHBOTHOE (CaMell) MOJIYYHJIO BaKIIUHY B
03¢ 3 MKr mo S-0enky M 6 JKMBOTHBIX MOJYYWJIM BAaKIMHY B J03€ 6 MKI Mo S-Oernky.
JKUBOTHBIM U3 KOHTPOJIBHOU rpymibl (2 camia u 1 camka) B T€ K€ THA BBOJAWIIMU Mpenapar
riane6o, CoaepKaBIINi BAKIIMHHBIN aIbIOBAHT, TEM KE MYTEM B TOM K€ 00beMe.

Onenky OOIIer0 COCTOSHUSI 370pPOBBS BCEX JKMBOTHBIX NPOBOAWIM B Oaninax B
cooTBeTcTBUHU ¢ Tabnuiei 1 exeaHEBHO CO JHS, MPEANISCTBYIONIETO JHIO BBEACHUS MEPBOI
7036l BakKIMHBL. Pe3ynbTaThl CPaBHUTENBHOM OIEHKH OOLIETO COCTOSHUSL 370pPOBBSA
KUBOTHBIX B IKCIIEPUMEHTAIBHON U KOHTPOJIBHOM IpyIINie mpuBeAcHbI B Tabnuiie 5.

B nenom Ha oHe exeaHEeBHOTO HAOIIOIEHHUSA, a TAK)KE MOBBIIIEHHON YaCTOTHI JOBIU
JUIl B3BCIIMBAaHHWS W TEPMOMETPHUHM, Y BCEX JKMBOTHBIX B OKCIEPUMEHTAIBHOU U
KOHTPOJBHOM Tpynmne HaOmogand ciado BBIPAXKEHHOE CHU)XEHHE CYTOYHOTO YPOBHS
noTpeOICHHS BOJIBI U MHILM B TEYCHUE MEPBBIX JIBYX HEAENb HKCIIEPUMEHTA.

VY 0IHOTO KUBOTHOTO M3 IKCIIEPUMEHTANBHOU Ipymibl (2997, camka) Ha CIETyIOIIH
JIeHb TIOCJIC TIEPBOTO BBEJCHHUS BAaKLUMHBI HAOII0IAaJIOCh KPOBOTEUEHUE M3 TUCTAIBHOU
(dananru npaBoi BepXHEH KOHEYHOCTH B PE3YJITATE TPABMbI KOT'TS B MPOIECCE JOBIHU IS
U3MEPEHUST TEMIIEPATypbl, U, COOTBETCTBEHHO, U3MEHEHHE IO3bl, YTO COOTBETCTBOBAIIO 2
O6ammam nmo Tabmume 1. YpoBeHb BUIUMBIX MOBPEXKIACHUN W COMYTCTBYIOIIMM OTEK
3HAYUTEIPHO YMEHBIIWINCh B TEUEHNUE HEJEIU U MOJHOCTBIO MCYE3NH K 16 cyTkam mociie
BBEJCHMUS TEPBOM 03Bl BaKIMHBI, YTO YyKazaHo B Tabmune 5. Hesnauurtenphas
TpaBMatu3anus (ajaHr >KUBOTHBIX TPU €XKETHEBHOW JIOBIE [JI1 B3BEUIMBAHUSA W
TEPMOMETPUHU SBIIIETCSA OTHOCUTEIIBHO PACHPOCTPAHCHHBIM SIBJICHHEM M HE CBSA3AHO C

BBEJICHUEM HCCIIEYyEMOro Mpenapara.
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Tabnuna 5 — Pe3ynbrarsl CpaBHUTENBHON OIEHKH OOIIETO COCTOSHUS 3J0POBbS B TPYyIIE
OWU, nonyunBmmx BakuuHy KoBuBak, 1 B KOHTpOJIBHOH TpyIIIie

E Oo01ee cocrosinue, 0aJIbI

=

g ID :KuBOTHOT 0, MOJI

&

% 7KuBoTHbIle, moayunsmue Bakunny KosuBak P

=

>§ /1032 1es1eBOro aHTUI'€Ha HA OJJHO )KUBOTHOE KonTpoabHas rpynna

o)

= |3 MKr 6 MKT

5}

=| g | 5| g |g|&g|¢|g|¢|¢g| %

© = = = = = = = = = =

5 S S S S s s S g S S

= =3 =3 o d <+ < ' I - d

= | ¥ =N N S = S S S S

= S < N =) N =) N S N ~

=S¢

-1 1 0 0 1 2 5 0 1 2 1 >0,9999
0 0 0 0 1 1 5 0 1 1 0 >0,9999
1 2 1 2 0 0 6 1 1 0 1 0,9998
2 1 0 2 1 1 5 1 1 1 2 >0,9999
3 1 1 4 1 1 6 1 1 1 1 0,9981
4 0 0 3 0 0 4 0 0 0 1 >0,9999
5 1 1 2 1 1 3 1 1 1 1 0,9987
6 2 1 2 0 1 3 1 0 1 1 0,9965
7 0 1 2 1 1 3 1 1 1 1 >0,9999
8 0 1 2 1 1 3 1 1 1 1 >0,9999
9 1 1 3 0 1 3 3 0 1 1 0,9691
10 2 1 2 1 1 3 1 1 1 1 0,9617
11 2 1 2 1 1 3 1 1 1 1 0,9617
12 1 0 1 0 1 3 2 0 1 1 >0,9999
13 0 1 2 1 1 3 1 1 1 1 >0,9999
14 0 1 2 0 0 3 1 1 1 1 >0,9999
15 0 0 1 0 0 2 1 1 1 1 0,9987
16 1 1 1 1 1 2 2 1 1 1 0,9966
17 0 1 1 1 1 2 1 1 1 1 >0,9999
18 0 1 1 1 1 2 1 1 1 1 >0,9999
19 1 1 1 1 1 2 1 1 1 1 >0,9999
20 0 1 1 0 0 2 1 1 1 1 >0,9999
21 0 1 1 0 0 2 1 1 1 1 >0,9999
22 0 1 1 1 1 2 1 1 1 1 >0,9999
23 0 1 1 1 1 2 1 1 1 1 >0,9999
24 0 0 0 0 0 2 1 1 1 1 0,9617
25 1 1 1 1 1 2 1 1 1 1 >0,9999
26 0 1 1 1 1 2 1 1 1 1 >0,9999
27 1 1 1 0 0 2 1 1 1 1 >0,9999
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VY 0AHOTO XMBOTHOTO M3 JKcrepuMeHTaibHOM rpymmbl (0714, camka) 3a neHb 10
BBEJICHUSI TIEPBOM J103bI BaKIIMHBI HAOMIOIAJICSI OTEK AUCTANBHBIX (hajaHT MpaBol BEpXHEU
KOHEYHOCTH B PE3yJbTaTe MX 3alIEMJICHUS NPYThsIMU KIETKH, H, COOTBETCTBEHHO,
W3MEHEHHE TO03bl, YTO CYMMapHO COOTBETCTBOBajo 5 Oammam mo Tabmume 1. Otex
3HAUYUTEIIbHO YMEHBIIWICA B TEYEHHE HEIEIM M MNPAKTUYECKH TIOJHOCTBIO HCYE3 K
OKOHYAHUIO Meprojia HabmoaeHust (28 CyTKH), 9To yka3aHo B Tabmwure 5.

[Tocne BBeneHUs BTOPOW M103bI BakiuHBI (14 CyTKM mocie BBEICHUS TMEPBOU J103bI)
HUKAKUX U3MEHEHUH B 00IIEM COCTOSIHUU KUBOTHBIX BBISIBJICHO HE OBLIO.

CormacHo pe3ynbTaTaM ABYX(aKTOpHOTO IucIepcHOHHOTO aHanu3a (2-way ANOVA),
€AMHCTBEHHBIM (PAKTOPOM, JOCTOBEPHO BIHUABIIUM HA HM3MEPSIEMbIE MapaMeTpbl, ObLIN
WHIUBUyalIbHBIE 0COOCHHOCTU KUBOTHBIX. CTaTUCTUYECKU 3HAYMMBIE Pa3Inyus OOIIEro
coCTOsIHUSL 310poBbsd Mexay OW, momyumBmmmu BakiuHy KoBuBak, W KMBOTHBIMH B
KOHTPOJIBHOM IpyIIe OTCYTCTBOBAJIN Ha MPOTSKEHUU BCETO MEPHO/ia HAOIIOACHHUS.

N3mepenne Macchl Tejla KUBOTHBIX IMPOBOJWIIM 3a JAEHb IO BBEICHHUS NMEPBOM 03Bl
BaKIIMHBI, HEMTOCPEJICTBEHHO TE€pe]l BBEJICHUEM MIEPBOI1 103b1, a Takxke Ha 2,4, 7, 11, 14, 18,
21, 25 u 28-e cyTku. Pe3ynbrarhl CpaBHUTEIBHOM OLEHKHM MACChl Tella >KMBOTHBIX B

AKCIIEPUMEHTAIBHOM U KOHTPOJBHOI rpyme npuBeaeHsl B Tadmuie 6.

Tabnuna 6 — Pe3ynbpTaThl CpaBHUTENBHON OLIEHKH Macchl Tena B rpynne O, nmomyunBimmx
BakuuHy KoBuBak, u B KOHTPOJIBHOH TpyIIie

E Macca teaa, T

=

§ ID KuBOTHOIO, IOJI

&

o:i, KuBoTHble, mosyyusmue Bakuuny KosuBak

=

=

2 Jlo3a 1ejieBOro aHTUreHa Ha OIHO KUBOTHOE KounTpoabHnas rpynna

2

= P
; 3 MKT 6 MKT

=

[<P]

53

2 g g g g g g g g g g

S = = = = = = = = = =

= ] ] S S S S S S S ]

[P

= =3 = S vy < < ' N - e

B = E e e e RS = | 5 &

E N < Q =) & =) N S N N

=

-1 400 440 450 340 440 380 355 410 320 335 0,9515
0 410 440 460 360 430 390 350 405 330 340 0,8716
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2 390 410 435 370 410 380 340 400 310 330 0,9523
4 385 405 425 350 415 385 330 410 315 320 0,9927
7 390 415 430 350 405 400 350 400 340 340 0,9616
11 | 390 425 430 355 410 410 355 405 330 340 0,9521
14 | 390 400 440 360 425 400 370 420 340 350 0,9956
18 | 370 415 430 360 415 420 360 400 335 335 0,9189
21 | 390 430 440 360 420 410 370 400 330 340 0,8391
25 | 360 410 430 360 390 405 355 395 320 320 0,9406
28 | 400 420 450 350 420 415 360 400 340 350 0,8555

3HauuMble paznuuus Maccel Tena mexay O, momyuuBmmmu BakiuHy KoBuBak,

u

JKUBOTHBIMH B KOHTpOHBHOﬁ rpymnmne OTCYTCTBOBAJIM Ha IIPOTAKCHHM BCCTO IICpHOaa

HaOIIOICHUS.

HBMepeHI/Ie pCKTaHBHOﬁ TEMIICPATYPbI KUBOTHBIX IPOBOAMWIIM 3a ACHbL A0 BBCIACHUSA

MEePBOI J103bl, HEMOCPEJACTBEHHO MEPE] BBECHUEM NEPBOM /103bI, a Takxke uepes 2, 4, 7, 9,

11,14,16, 18,21, 23,25 u 28 guei. Pe3ynbTaThl CpaBHUTEIHLHON OLIEHKH TEMIEPATyPhl TEIA

KUBOTHBIX B IKCIIEPUMEHTAIBHON U KOHTPOJIBHOM IpyIINie IpuBeAcHbI B Tadnuie 7.

Tabnuna 7 — Pe3ynbTaTel CpaBHUTENBHOM OLIGHKH TeMIiiepaTypbl Tena B rpymme OU,

noy4yuBIINX BakuuHy KoBuBak, u B KOHTPOJIBHO rpynne

/{4 mocJie BBeieHUs EPBOi 103bI BAKIMHBI

Temnepatypa Teaa, °C

ID KuBOTHOIO, IOJI

/KusBoTHble, mosyunsmue Bakuuny KosuBak

I[o3a HEJE€BOIro aHTUIeHa HA 0JJHO )KMBOTHO€

KonTtpoJsbHas rpynna

3 MKr 6 MKI P

g g g g g g g g g g

> = > > > > = > > >

< < < < < < < < < <

(5] (5] (5] (5] [P (5] (5] (5] (5] (5]

= =3 = W < < ~ o —_ o

v < a N ~ — ~ ) ~ ~

XN W N ~ < ~ < S < <

I < Q e I =) ~ S N N
-1 40,1 39,5 40,1 40 40,7 40 40,6 39,6 40,7 41 >(0,9999
0 40,2 39.4 40 40,7 40,1 40,2 40,4 40.4 40,4 40,2 0,9905
2 39,5 39,5 39,5 40,1 40,3 40 40,2 39,7 40,3 40 >(0,9999
4 39,7 393 39.6 39,8 40 39,8 40,5 40,1 40,1 40,5 0,6458
7 40 40,1 39,8 39,9 39,8 40,1 40,5 40,7 40,3 40,2 0,8171
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9 | 394 | 393 | 39,7 | 40,4 | 404 | 39,7 | 40,6 | 39,8 | 40,7 | 40,7 0,9859
11 | 403 | 39,5 | 399 | 404 | 39,8 | 394 | 40,3 | 40,3 | 40,2 | 404 0,5960
14 | 39,6 | 399 | 399 | 40,1 | 40,3 40 40,6 | 40,3 | 39,5 | 40,4 | >0,9999
16 | 39,8 | 39,7 | 40,1 | 40,4 | 40,2 | 39,5 | 40,7 | 40,3 | 40,4 | 40,6 0,6486
18 40 39 39,8 | 40,6 | 39,5 | 39,5 | 40,1 | 39,8 40 39,8 | >0,9999
21 | 39,8 | 39,8 40 40,5 | 39,6 | 394 | 40,1 | 40,1 | 40,4 | 40,2 0,6034
23 | 39,7 | 39,2 | 40,1 40 39,8 | 39,2 40 40,1 40 40,3 0,4081
25 40 39,1 40 40,3 | 39,9 | 39,2 | 40,1 | 40,2 | 40,2 | 40,1 0,6965
28 | 40,1 | 38,9 | 40,1 | 40,5 | 40,2 | 39,5 | 40,5 | 40,1 | 39,5 | 40,1 | >0,9999

CraTtucTuyeckuid aHanW3 TOKaszal, 4YTO HaOII0JaeMble pa3Iuyus I[OKa3aTelen
PEKTaIbHOW TEMIIEPATYpPbl JOCTOBEPHO 3aBUCEIM TOJBKO OT WHIAWBUAYAJIBHBIX
O0COOCHHOCTEW IKUBOTHBIX. 3HAUMMbIE pa3nuuus Mexay Ttemneparypord Ttena OU,
noy4yuBIINX BakuuHy KoBuBak, v )KHBOTHBIMH B KOHTPOJIBHOM IpyNIe OTCYTCTBOBAJIU Ha
MPOTSHKEHUU BCETO MEePUOoIa HaOIIOCHUSI.

Pe3ynpTaThl CpaBHUTENBHOW OIIEHKA YPOBHA OMOXMMHUYECKMX M T€MaTOJIOTHYECKUX
MOKa3aTesel B KPOBH JKUBOTHBIX, OJyYUBIIMX BakuHy KoBuBak, 1 KOHTpOJIBHOH TpyIIe

npuBeaeHbl B Tabnuie 8.

Tabnuna 8 — Pe3ynbTarel CpaBHUTEIBHOM OILIGHKH YPOBHS OHOXUMHUYECKUX U
reMaToJIOTHYECKHX MToKa3arenel kposu B rpynne OU, nonyunBmux BakuuHy KosuBak, u B
KOHTPOJIBHOU TPYIIIIE

ID xMBOTHOI0, IMOJI

=

)

2

= 7KusBoTHble, mosayunsmue Bakunny KosuBak =

B -

= = /Jlo3a ne;1eBOro aHTUreHa Ha 0JJHO KUBOTHOE KonTtpoJsbHnas rpynna

z =

o = | 3 MKr 6 Mkr

= &

v S

Bz ® ® s s s

o 2 g g & & & & g & g g

= = = = = = = = = = =

9 = ] ] ] ] ] ] 3] ] ] ]

g (5] (5] (5] (5] (5] (5] (5] (5] (5] (5]

. =3 = N v N < ' N - <
) < =N N o~ — ~ = ~ o>

= N ) N ~ < o < S < <

= S <+ N o N o N S N N

AslannHamuHoTpancdepasa, en./n [pedgepencunrii narepsadn: 0,79-45,33 [33]]
0 5,1 8,4 4,5 13,2 | 20,7 3,6 8,7 6,2 | 20,8 7 0,9979
7 4,8 4 33 3,6 3.3 3.8 6,4 6,8 9,9 5,2 0,534
14 5,2 4,6 2,5 5,2 8,6 2,3 8,4 2,6 4,3 2,7 0,402
21 4 4,4 3,4 2,8 2,6 3,8 5,4 4,2 5.4 4,5 0,4702
28 3,9 3,3 2,8 3.8 3.4 2,3 4 3,5 4,6 4,5 0,4667
AcnapratamuHoTpaHcgepasa, en./Ja [pedepencHslii muHTepBas: 51,24-316,12 [33]]

0 92,1 | 178,6 | 102,5 |919,7*|2478,5*| 188,6 | 171,7 | 290,6 | 240,9 | 116,7 | 0,8413
7 131,21 102,2 | 86,1 | 1182 | 167,9 | 873 172 | 106,1 | 164,5 | 111 | >0.9999
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14 84,5 | 101,9 | 75,3 | 107,6 | 143,8 | 81,7 | 1614 | 87,2 | 110,4 | 95,7 | 0,9652
21 78,8 | 89,8 | 75,8 | 91,8 | 105,7 | 87,2 | 141,6 | 92,1 | 111,5 | 86,6 | >0.9999
28 76,2 | 82,7 | 71,2 1 103,4| 104 81,1 | 1204 | 80,8 | 112 | 96,2 | 0,9964
Illesounas gocdarasa, ex./a [pedpepencuniii uHTepBa: 44,00-426,25 [33]]
0 104,2 | 92,7 | 104,1 | 231,6 | 109,3 | 159,9 96 147,41 139.8 | 99 | >0.9999
7 152,31 108,2 | 109 | 1852 | 90,5 | 1004 | 89,7 | 165,8 | 1457 | 106 | 09321
14 | 140,3 | 1004 | 128,3 | 177,8 | 76,1 82,2 | 104,6 | 121,1 | 120,1 | 109,8 | >0.9999
21 | 128,6 | 82,8 | 103 | 156,2 | 64,6 76,8 85,6 96,9 | 87,5 | 87,3 | 0,9674
28 1054|1024 | 97,8 | 171,5| 728 75,6 99,4 91 111,4 | 100,5 | >0.9999
OO0mmii 6es0Kk, r/u [pedepencusiii narepsai: 4,.1-74,8 [33]]
0 69,3 72 70,5 | 63,8 70,8 65 70,8 65 66,4 | 74,3 | >0.9999
7 69 70,2 | 73,2 | 62,2 67,8 62,7 70,8 62 67,9 | 68,1 | 09591
14 63,2 | 68,7 | 70,9 | 694 | 69,1 69,5 69,5 58,7 70 69 0,9781
21 65,6 | 729 | 73,5 | 654 | 69,9 71,4 70,1 57,9 | 73,1 73 0,9991
28 64,9 | 71,1 | 69,8 | 64,8 67,6 69,2 67,6 63,5 | 73,4 | 69,6 | 0,9994
AnbOymuH, r/a [pedepencusiii uarepsas: 10,77-57,88 [33]]
0 45,37 | 47,04 | 40,69 | 41,99 | 50,45 | 38,74 | 46,5 | 42,56 | 43,18 | 48,41 | >0.9999
7 43,79 | 45,79 | 42,09 | 43,22 | 47,04 | 36,72 | 44,89 | 40,66 | 41,08 | 41,59 | 0,4997
14 37,8 | 45,13 | 40,24 | 45,84 | 47,84 | 37,18 | 44,32 | 37,77 | 43,97 | 41,34 | 0,9779
21 | 40,24 | 43,36 | 42,28 | 44,65 | 47,72 | 39,7 | 42,88 | 37,11 | 45,51 | 41,98 | 0,9927
28 | 41,06 | 44,14 | 42,77 | 46,02 | 48,85 | 38,26 | 42,33 | 43,02 | 49,02 | 45,06 | 0,8731
MoueBuHa, MM0JIb/J1 [pedepercHblil naTepBas: 3,37-18,67 [33]]
0 3,69 | 437 | 3,7 | 4,03 5,08 4,7 3,87 822 | 3,75 | 3,29 | 0,9933
7 5,28 | 453 | 294 | 4,19 3,87 | 447 5,64 542 | 3,43 | 3,47 | 09976
14 2,72 | 4,88 | 3,25 | 436 | 4,33 4,22 | 4,23 5,25 3.4 2,83 | >0.9999
21 5,11 | 3,66 | 3,34 | 493 4,62 3,58 | 4,64 7,45 | 4,07 | 3,34 | 0,9944
28 2,52 | 3,55 | 3,23 | 5,51 3,19 3,13 4,84 8,02 | 2,62 | 3,62 | 0,9894
Kpeatunun, mmoun/a [pedepencuslii uarepsai: 38,94—62,38 [119]]

0 50,1 | 37,3 | 50,5 57 42,8 45,1 51,7 58,7 | 614 | 53,3 | 0,1213
7 51,6 39 47,6 48 41,7 40 48 48,5 | 50,7 | 47,4 | 0,4368
14 47,8 | 44,4 | 45,8 | 49,7 | 40,5 34,5 48,3 51,2 41 43,5 | 0,9999
21 53 43,5 | 46,6 | 44,8 37,2 35,5 53,2 52,1 | 474 51 0,4433
28 50,6 | 32,5 | 46,5 | 553 37,2 25,7 | 45,8 494 | 41,5 | 36,1 | >0.9999

Amunasa, ea./a [pedepencHblii uHTepBat: 617,4—1243,2 [33]]
0 819,3 | 732,9 | 964 | 839,8 | 864,9 | 960,8 | 971,8 | 840,6 | 871,1 | 925,3 | >0.9999
7 687 | 732,21 890,4 | 744,2 | 904,7 | 766,5 | 952 | 762,7 | 969,4 | 907,4 | 0,922
14 | 700,5 | 788,9 | 925,6 | 788 | 909,2 | 857,6 | 1023,1 | 726,4 | 946,7 | 839,6 | 0,9998
21 | 734,41 777,1 | 972,3 | 752,1 | 923,2 | 912,3 | 1025,6 | 687,9 | 979,8 | 959,5 | >0.9999
28 | 757,11 793,1 | 935,4 | 7429 | 919,2 | 917,3 | 1022,1 | 789,6 | 968,2 | 984,3 | 0,9873
OO0mmii OnaupyouH, MKkMoJib/a [pedepencHblii nuurepsai: 0,03—4,24 [33]]
0 0,6 0 2 0 1,3 0,6 0 0,2 1,3 1,3 0,9841
7 1,3 0 0,2 0,2 1,3 0,2 0,6 0,2 0,2 0,9 0,9988
14 0,6 1,3 0,2 0,2 1,3 0,9 0,9 1,3 0 0,6 0,9992
21 0,6 0 0,9 0 0,6 0,2 0 1,3 0 0,6 0,9719
28 0 0,6 1,3 0,9 0 0,9 1,3 1,3 0,6 0,2 | >0.9999
IIpsimoii OnaupyOuH, MkmoJb/a [pedepencHblii uarepsai: 0,0-1,3 [119]]
0 0,2 0 0,5 0 0,4 0,6 0 0 0 0,4 0,9796
7 0 0 0,6 0 0 0 0,1 0 0,2 0,2 0,9993
14 0,7 0,2 0,1 0,3 0,4 0 0 0 0 0,1 0,3195
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21 0,4 0 0 0,2 0,4 0 0 0 0 0,1 0,6832
28 0,5 0,3 0,5 0,2 0,4 0 0,5 0,4 0,2 0,7 | 09916
C-peakTuBHbIii 0eJ10K, M1/ [pedepencHblii naTepBad: 0,0-3,99 [119]]
0 1,88 | 2,52 | 2,18 | 1,92 | 345 | 2,26 1,88 | 2,32 | 1,84 1,9 0,851
7 2,9 1,98 | 1,68 | 2,02 1,92 | 2,14 1,94 | 2,18 | 1,86 | 2,38 | 0,9996
14 2,16 | 2,06 1,6 | 2,04 | 2,16 | 2,06 1,88 1,74 | 2,02 | 3,48 | 0,9744
21 23 | 254 | 1,96 | 2,18 | 2,14 1,9 2,97 1,78 | 2,24 | 3,15 | 0,9998
28 2,06 | 2,26 1,7 1,86 1,88 1,68 1,96 1,66 | 2,04 2 >0.9999
JpuTpounThl, KI1eTok x10"12/n [pedepencHsblii narepsan: 3,47-7,88 [33]]
0 5,28 | 4,07 | 5,81 | 545 559 | 4,18 | 5,88 5,66 | 5,81 | 538 | 0,9403
7 6,83 | 6,04 | 6,79 | 594 | 744 | 3,65 5,14 4,9 44 | 6,09 | 0,5049
14 395 | 5,19 | 5,14 | 579 | 5,59 | 4,65 564 | 564 | 53 5,64 | 0,9621
21 6,04 | 553 | 5,19 | 5,14 | 599 | 3,85 5,69 39 | 534 | 485 | 0,7512
28 49 | 659 | 4,7 | 589 5 4,9 5,04 5 4,55 | 5,79 | 0,999
JleiikouuThl, K1eTok X109/ [pedepencHbiii unTepBai: 2,72—-10,85 [33]]
0 8,85 | 8,7 9,9 | 6,25 9 153* | 64 795 | 44 8,2 0,3189
7 4,95 | 526 | 6,19 | 588 | 536 | 441 4,33 8,04 | 433 | 7,27 | 0,8299
14 557 | 433 | 48 | 928 | 9,13 5,41 8,35 6,65 | 4,18 | 5,88 | 09118
21 9,13 | 7,73 | 9,75 | 9,9 7,58 | 5,26 | 743 6,03 | 541 | 8,35 | 0,7528
28 7,12 | 877 | 7,89 | 9,59 | 897 | 882 | 9,28 6,03 | 6,03 | 944 | 0,776
ITasoukosinepHbie HeHTPOpUIbI, % [pedepencHslii naTepBaJ: 0,0—4,0 [33]]
0 0,5 1,5 1 1 1 0 0,5 1 0,5 0,5 0,9993
7 0,5 1 0,5 0,5 1 1 1 0,5 0 1 0,9594
14 2 1 1 1 1 1,5 1,5 2 0,5 2 0,9884
21 0 0 0,5 2 1 0,5 1,5 0,5 0 1,5 0,9993
28 1,5 1,5 1,5 0 0 1 0,5 0 1 1 0,9932
CermenTosiiepabie HeliTpodguisbl, % [pedepencHblii nnTepBan: 28,25-78,05 [33]]
0 45,5 50 72,5 45 63 89* 59,5 71 65 68,5 | 0,8686
7 73 70 75,5 57 62 77 68 78 67 46,5 | 09721
14 49 58 52 52 68,5 60 65 74 63,5 | 46,5 | 09945
21 73,5 62 51 59 45,5 59,5 71,5 83 73,5 48 0,8453
28 48 55 61 60,5 55 61 64 71 65 43 0,9997
Bazodunasl, % [pedepencunrii nunrepsasn: 0,0-5,0 [120]]
0 0 0 0 0 0 0 0 0 0 0 >0.9999
7 0 0 0 0 0 0 0 0 0 0 >0.9999
14 0 0 0 0 0 0 0 0 0 0 >0.9999
21 0 0 0 0,5 0,5 0 0 0 0 0 0,7706
28 1 0 0 0 0,5 0,5 0 0 0 0 0,1242
Jo3unopuianl, % [pedepencuniii untepsai: 0,0—13,75 [33]]
0 0 0 0 0 0 0 0 0 0 0 >0.9999
7 0 0,5 0,5 0 0 0 0 0 0 0 0,1603
14 0 0 0 0 0 0 0 0 0 0 >0.9999
21 0 0 0 0 0 0 0 0 0 0 >0.9999
28 0 0 0 0 0 0 0 0 0 0 >0.9999
MonounTtsl, % [pedepencHsblii naTepBa: 2,0-17,05 [33]]
0 4,5 4 3 6 3,5 1 4 4 3,5 3 0,9993
7 4,5 4,5 3 4 5,5 6 3 2,5 3 3,5 0,2806
14 6,5 4,5 4 5 7 5 5,5 5,5 5 5,5 | >0.9999
21 2,5 2 4,5 4,5 3,5 3 5 3 2,5 4,5 0,9988
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28 | 4 | 45 | 35 ] 3 | 5 | 45| 45 | 35 ] 35 | 3,5 | 09022
JInmdonursl, % [pedepencuniii unTepsai: 14,0-62,70 [33]]

0 49,5 | 44,5 | 23,5 48 32,5 10 36 23,5 26 28 0,718

7 22 24 20,5 | 38,5 31,5 16 28 19 30 49 0,8854

14 42,5 | 36,5 | 42,5 42 23,5 33,5 28 18 31 46 0,9901

21 24 36 44 34 49,5 37 22 13,5 24 46 0,8525

28 45,5 39 34 36,5 39,5 33 31 25,5 | 30,5 | 52,5 | >0.9999

* — YypOBEHb HCCIEQYEMBIX TOKa3aTeJaell HaxOAWTCS 3a MpeaenaMu pePepeHCHBIX

3HAYECHUU.

B oOpasmax ChIBOpOTKHM KpoBH, moaydeHHbIXx oT aByx OW (0725 wu 2474)
HEMOCPEICTBEHHO TEpe]l BBEJACHUEM IEPBOM J03bl BAKIMHBI, HAOIIOJANIOCH MOBBIIICHUE
ypoBHs ACT. IIpeanonaraemMoii nmpuunHoil noBeieHUs: ypoBHS ACT y TaHHBIX )KMBOTHBIX
ObLJT OBBILIEHHBIN YPOBEHD ABUTATEIbHON aKTUBHOCTH B MPOIECCE JIOBIU B MEPBOU TOUKE
AKCIIEPUMEHTATBHOTO HAOIIOACHHUS MTOCIIE PAHIOMU3AINH U PACIIPEICICHUs TI0 BOJIbEPaM.
B ycnoBusx 6osnee IIUTENbHON aJanTalid K BBICOKOM YaCTOTE JIOBJIU B MOCIETYIOIIMX
BPEMEHHBIX TOYKAX y JAHHBIX XKUBOTHBIX MOBBIMIeHUs YpoBHS ACT BbIsIBICHO HE OBLIO.
Panee Obuto mokaszaHo, uto y mozaei ypoBeHb ACT MoOKeT MOBBIIATHCS HA MEPUOJ
JUTUTENIbHOCTBIO 10 HECKOJBKUX JHEW MpU MHTCHCUBHOW MBIIIEYHOM akTUBHOCTH [121].
CratucTHYeCKU aHaK3 MO0Ka3aj, 4To Habmomaemble paznudus ypoBHs ACT mocToBepHO
3aBUCENM TOJBKO OT MHIMWBHAYATbHBIX OCOOCHHOCTEH XMBOTHBIX. 3HAUMMbBIC Pa3IUUUs
ypoBHsi ACT B rpynne OU, nmonyunBmnx BakiuuHy KoBuBak, 1 B KOHTpOJBHOW TpyIIie
OTCYTCTBOBAJIHM B TEUEHUE BCETO MEPHO/1a HAOTIOACHHUS.

VY omHOTO XHUBOTHOTO, MoayunBIiero BakinuHy KosuBak (0714, camka), y KOTOporo 3a
JICHb J10 BBEJCHUS MEPBOU J03bl BaKIIMHBI HAOIIOAACS OTEK TUCTATBHBIX (paJlaHT MpaBOU
BEpXHEH KOHEYHOCTH B pe3yjbTaTe MX 3alleMJICHHUS TNPYThIMU KIETKH, B oOpasie
CBIBOPOTKM KpPOBHM, B3ATOM HEIMOCPEACTBEHHO MEpe] BBEACHUEM IIEPBOM  JI03HI,
HaOJIIOIANIOCh MOBBINIEHHE KOJIMYECTBA JIEHKOIMTOB B KpoBH 10 15,3x10° k1eTok Ha nuTp
KPOBH, YTO CBHUJAETEIHCTBOBAIO O BOCIHAJIUTEIBHOM IPOLECCE, BHI3BAHHOM TPABMOM, HE
CBS3aHHOW C BBEJCHHUEM BaKLMHBI. YPOBEHb JEHKOLHUTOB B KPOBH JAHHOIO KUBOTHOTO B
OCTaNbHBIX TOYKaX HaOMIoAeHMs (MOC/Ie BBEACHMSI BAKIMHBI) HAXOIWJICS B Mpeaenax
pedepeHCHBIX 3HaYEHUH I JaHHOTO BUA.

Taxoke y sxkuBoTHOTO 0714 B 06pasiie CHIBOPOTKU KPOBH, TOJTYYEHHOM HETIOCPEACTBEHHO

nepen BBCACHHCM HepBOI\/'I JO3bI BAaKIIMHBI, H3.6J'IIO,Z[2U'IOCL IIOBBIIICHUEC  OOJIN
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CErMEHTOSAIEPHBIX HEUTpOoUIOB B JeWkouutapHol Qopmyne B kpoBu 10 89%, uTO
CBUJIETENHCTBOBAJIO O BOCHAIMTEIHFHOM IPOIIECCE, BHI3BAHHOM TPAaBMOM, HE CBA3aHHOU C
BBEJICHUEM BaKIMHBI. [l0JI1 CerMeHTOSIEpHBIX HEUTPO(DUIOB B JICUKOLIUTAPHOUN PopMmyIie B
KPOBU JJAHHOTO XUBOTHOTO B OCTAJIbHBIX TOYKAX HAOMIOACHUS (TIOCIE BBEACHHS BaKI[MHBI)
HaxoJuiach B mpenenaax pedepeHCHBIX 3HAYEHUW. 3HAYUMBIX Pa3IUdUil B KOJIMYECTBE
JICHKOIIUTOB B KPOBH U JI0JI€ CETMEHTOSIIEPHBIX HEUTPOPUIIOB B JIeHKOIUTApHOU PopmyIie
y OWU, nomyumBmux BakuuHy KoBuBak, M B KOHTpOJBHOW TIpylie B XOJ€ NEPHOIA
HAO0JII0ICHNSI BBISIBIICHO HE OBLIO.

VY Tpex XKHUBOTHBIX, MONyunuBIIUX BakuuHy KoBuBak, Ha0mI101a10Ch TOBBIIEHUE TOTH
6azoduiioB B neikorutapHoil hopmye 10 0,5—1%. [1o pa3audHBIM JaHHBIM y B3POCIBIX
OU nons 6azopunoB B aelkonuTapHOn (popmysie MOXKET Kak HaxoAuThcs Ha ypoBHE 0%
[119], Tak u mocturath 5% [120]. [To HamuM COOCTBEHHBIM AAaHHBIM TOBBIIICHUE YPOBHS
6azo¢uioB 10 1% MoxkeT HAOMIOAATHCS y KIMHUYECKHU 310pOBbIX B3pocibix OU (Pucynox
6, [46]). st cpaBHEHUS, Y B3POCIBIX 3J0POBBIX JIFOACH 107151 0a30(pMIIOB B ICHKOIIUTAPHON
dbopmyne Tarke gocturaet 1% [122]. CraTHCTHYECKM 3HAYMMBIX Pa3IUddil  JTOTU
CErMEHTOSAIEPHBIX HEUTpOo(uUIOB B JelikouutapHoit ¢popmyne B kpoBu O, momyunBmInx
BakiuHy KoBuBak, v B KOHTPOJBHOI rpyIine B Xo/e Nepuoja HaOMI0eHUs BBISIBICHO HE
ObLI10.

Cratuctuyecku 3HaUUMBIX paznuuuil ypoBHa AJIT, menounoit docdarassl, oliiero
Oenka, anpOyMHHA, MOYEBHHBI, KPEATMHMHA, aMUJIa3bl, OOIIero OmnnpyOuHa, MPsIMOTO
owmpyouna, C-peakTHBHOTO Oe€iKa, KOJIMYECTBA JPHUTPOIMTOB, a TaKXKe JOJHU
NaJ0YKOSAAEPHBIX HEUTpodunoB, 6a30puiIoB, 203MHO(PHUIOB, MOHOLIMTOB M JIUM(OIIUTOB
neiikorutapaoi popmyne B kposu OU, monyuumux Bakuuny KosuBak, 1 B KOHTponbHOU
TpymIe BhISIBJICHO HE OBLIO.

Takum 06pa3om, ObLIIO YCTAaHOBJICHO OTCYTCTBHE IOCTOBEPHBIX OTIMUUN OIICHUBAEMBIX
napameTpoB Oe3omacHoctu B rpynmne OW, KOTOphIM ABYXKPAaTHO BBOAWIM BaKIMHY

KoBuBak, oT KOHTPOIBHOW FPYMIIHI.

3.2.2.2 Pe3ynomamul oyeHku ypoeus eupycrneiumpanusyrouwux anmumes Kk SARS-CoV-2

Y 00bIKHOBEHHBIX UZDYHOK, noJyyueuiux eakyuny KosuBax
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Pe3ynbTaThl CpaBHHTEIBHOW OIEHKH YPOBHSA CHENU(PUUECKUX IMOCTBAKIIMHAIBHBIX
BUpycHeUTpanu3ytomux antutea K SARS-CoV-2 y KHUBOTHBIX B 3KCHEPUMEHTAIBHOU U

KOHTPOJBHOM rpyme npuBeaeHs! B Tadnuie 9.

Tabnuna 9 — Pe3ynpTaThl CpaBHUTENBHOW OIEHKH YpPOBHA TMOCTBAKIIMHAIBHBIX
BUpycHeWTpamu3zyromux antuten kK SARS-CoV-2 B rpynne O, nosy4uBIIMX BaKLUUHY

KoBuBak

Turps! HeliTtpanusanuu Bupyca SARS-CoV-2 (uramm IIUK3S) ceiBopoTkamu
KPOBH KMBOTHBIX, NoJ1y4uBminx Bakuuny KosuBak, 1 B KOHTPOJIbHOI rpynmne

ID :xMBOTHOI0, IMOJI

/KuBoTHble, noayuusmue Bakuuny KosuBak

KonTtpouabnas rpynna
/1032 1es1eBOro aHTUI€Ha HA OJJHO )KUBOTHOE

3 MKr 6 MKT

4540, camen
2997, camka
0725, camka
2474, camka
0714, camka
2472, camen
0002, camka
2471, camen
2473, camen

/a4 mocJie BBeAeHUS MepPBOi 103bI BAKIUHbI
2960, camenn

<1:8 | <1:8 | <I:8 | <1:8 | <1:8 | <1:8 | <I1:8 <1:8 | <1:8 | <1:8 | >0,9999
7 | <1:8 | <1:8 | <1:8 | 1:8 | <l:8 | <l:8 | <l:8 | <I:8 | <1:8 | <L:8 |>0,9999
14 | 1:8 | 1:16 | 1:16 | 1:23 | 1:32 | <I:8 | 1:16 | <1:8 | <1:8 | <1:8 | 0,0583
21 | 1:23 | 1:128 | 1:64 | 1:64 | 1:64 | 1:45 | 1:91 | <1:8 | <1:8 | <I1:8 | 0,0083*
28 | 1:45 | 1:181 | 1:91 | 1:91 | 1:128 | 1:91 | 1:128 | <1:8 | <1:8 | <1:8 | 0,0167*
35 | 1:32 | 1:91 | 1:91 | 1:64 | 1:45 | 1:45 | 1:64 | <1:8 | <1:8 | <1:8 | 0,0083*
49 | 1:64 | 1:91 | 1:64 | 1:128 | 1:91 | 1:64 | 1:91 | <1:8 | <1:8 | <I1:8 | 0,0083*
* — CTATUCTUYECKHU JOCTOBEPHOE paznuune Mexay rpymmnamu (Mann — Yutau, p<0,05).

Y 0IHOT0 KUBOTHOTO, NOJy4YMBLIEr0 BakuMHy KoBuBak B 103€ 6 MKT, K 7 CyTKaM nociie
BBEJICHMUS TEPBOM J0O3bl BAKIMHBI HAOIIOJANOCh TOSBICHHE TOCTBAKIMHAIBHBIX
BHpYCHEWTpanu3yrmux anturel K Bupycy SARS-CoV-2 B tutpe 1:8.

VY mectu u3 ceMu KMBOTHBIX, MONy4yuBIINX BakiuHy KoBuBak, x 14 cyTtkam mocie
BBEJICHMUS TEPBOM 03Bl BakKIHMHBI HAOMIOJanach BbIPAOOTKA MOCTBAKIMHAIBHBIX
BUpycHeUTpanu3ytomux autures K SARS-CoV-2 B tutpax ot 1:8 1o 1:32. EnuHcTBEHHBIM

YKUBOTHBIM, Y KOTOPOT'O HE BBISBISUINCH BUpyCHENWTpanu3yromue anturena Kk SARS-CoV-2
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mmocJie mepBoro BBeaeHus Bakunabl KoBuBak, 0b110 xuBoTHOE 0714, y KOTOPOTO 32 ACHB 10
BBEJICHUSI TIEPBOM J03bI BAaKIIMHBI HAOTIOAJICS OTEK AUCTAIbHBIX (pajaHr MpaBOW BEpXHEH
KOHEYHOCTH B PE3yJIbTaTe MX 3alleMJICHUS MPYThIMU KJIETKH, a B 00pasie, MOIyIeHHOM
HEMOCPEICTBEHHO TEpe]l BBEJACHUEM IEPBOM J03bl BAKIMHBI, HAOIIOJANIOCH MOBBIIICHUE
KOJIMYECTBA JIEUKOLMTOB B KPOBH, YTO CBUIAETEIHCTBOBAIO O BOCHAIUTEIBHOM IPOLECCE,
BBI3BaHHOM TpaBMoW. Ha ocHOBaHMM maHHOTO HAOMIONEHHUS MOXXHO BBIIBUHYTH
MPEANOI0KEHNE O HETaTUBHOM BIUSHUU JIOKAJBbHOTO BOCMajieHUS Ha 3(PPEKTUBHOCTH
(dbopMHpOBaHUS MOCTBAKIIMHATILHOTO KMMYHHOTO OTBETA, OJJHAKO IOCTOBEPHOCTH JAHHOTO
MPEANONI0XKEHUS TPEOyeT NOMOIHUTEILHOTO YKCIEPUMEHTAIBHOTO MTOATBEPKIACHUS.

VYV Bcex cemu JKUBOTHBIX, MOTYy4YHBIINX BaknHy KoBuBak, k 21 cyTkam nocie BBeAeHUs
MEepBOM 1036l BaKIUHBI (7 CYTOK TMOCIe BBEJICHUS BTOPOM J103b1) HAOIIOAAIOCH MOSBIICHUE
MOCTBAKIMHAIBHBIX BUpYCHEeUTpamn3ytomux aHturen K SARS-CoV-2 (P=0,0083,
CTATUCTUYECKH IOCTOBEPHOE OTIIMYHE OT KOHTPOJIBHOM Ipynibl) B TuTpax oT 1:23 no 1:128.
VY )uBOTHOTO, NoJTyuuBIIEero BakuuHy KosuBak B 703€ 3 MKT, TUTp BUPYCHENUTPATH3YIOIIUX
antuten K Bupycy SARS-CoV-2 k 21 cyTkam mocie BBeACHHs MEPBOU J03bI BaKIUHBI (7
CYTOK IOCJI€ BBEJEHHUS BTOPOM J03bl) COCTaBUI 1:23; y )KMBOTHBIX, IMOJYYHUBIINX BaKLIUHY
B J03¢ 6 MKI, TUTP BUPYCHEUTPAIMU3YIOMIMX aHTUTEN coctaBuia ot 1:45 nmo 1:128
(CI'T=1:72).

Ha 28, 35 u 49 cyTku mnociie BBEIEHHS NEPBOM J03bl BAKLUUHBI y YKUBOTHOTO,
nonyuusliero BakuuHy KoBuBak B n03e 3 MKI, TUTp BUPYCHEHTPAIM3YIOMIUX AHTHUTEN K
SARS-CoV-2 cocraBun 1:45, 1:32 u 1:64, cCOOTBETCTBEHHO; y >KMBOTHBIX, MOJTYUYHUBIINX
BakUMHY B 103¢€ 6 MKkr, CI'T BUpycHelTpanu3yomux antures coctapui 1:114, 1:64 u 1:86,
COOTBETCTBEHHO.

Takum oOpa3om, cnocoOHOocTh BakiuHbl KoBuBak uHAynupoBath BBIPAOOTKY
cnenupuyecKkux BupycHenTpanusytonmx anturena K SARS-CoV-2 Obuta moaTBepikieHa Ha

1ab0paTOPHBIX IpUMaTaXx.



91

3.2.3 O0cy:xknenue

MHuorue 3apeructpupoBanHbie BakuHbl TpoTuB COVID-19 neMoHCTpUpyIOT BBICOKUI
YPOBEHb CHENU(UIECKOH MMMYHOT€HHOCTH M 3HAYUTEIBHO CHIDKAIOT YaCTOTY TSXKEIOrO
TeYeHUs 3a00JeBaHus, OJJHAKO ObLIO MOKA3aHO, YTO YPOBEHb MOCTBAKIIMHAIBHBIX aHTUTEI
co BpemeHeM cHikaetcs [123,124]. HeoOXoauMocTh BHEAPECHUS €KETOTHON U Jaxe erne
O0onee wyacToil OyCTEepHOM BaKIMHAIIMM B HEOJArOMPUATHBIX AMUAEMHUOIOTUYECKUX
YCIOBUSIX B psAlie CTpaH, BKIoyas Poccuro, 00ycioBmiia kpaiiHe BhICOKHE TpeOOBaHUS K
po¢uII0 6€30MaCHOCTH UCIIOJIH3YEMbIX BAKITHH.

NHaKTUBUPOBAHHBIE BAKIMHBI, TEXHOJOTUSA IPOU3BOJACTBA KOTOPBIX BKIKOYAET
HapabOTKy BUPYCHOHM CYCHEH3UMU B KYyJbTypax KIETOK C MOCIEAYIOIIe WHAKTUBAIUEH U
OYHCTKOH, IIMPOKO HUCIOJIB3YIOTCA BO BCEM MHUPE U XapaKTEPU3YIOTCS BBICOKMM YPOBHEM
6e3omacHoctu [87,125]. HecmoTps Ha B nenom Ooliee HU3KHE YPOBHU MOCTBAKIIMHATIBHBIX
BUpycHeuTpanusytomux anturen (HAT) B cpaBHeHuu ¢ BektopHbiMu 1 MPHK-Bakuinnamu,
MPUMEHEHUE WHAKTUBUPOBAHHBIX BaKUWH NPUBOAUT K JOCTOBEPHOMY CHHKECHHIO
3aboneBaemoct COVID-19 'y BakmuuupoBaHHbIX Juil [126]. Takum oOpazom,
WHAKTUBUPOBaHHbIE BakiuHbl 1potuB COVID-19 ontumaneHbl [ [UIAHOBOM
JOJTOCPOYHOM BaKIIMHALIMM, TPEOYIOIIEH EPUOUIECKOTO BBEIEHUS OYCTEPHBIX J03.

OcTtpas rnobanbHast HEXBAaTKa MPOPUIAKTUIECKUX BAKIMH, HAOMIOIaBIIAsCA B HaJale
MaHJIeMHuH, BbI3BaHHOM BHpycoM SARS-CoV-2, a Takxke ycnemHble KINHHYECKUE
WCCJIEIOBaHUS HECKOJbKUX WHAKTUBHPOBAHHBIX mpemnapatoB [87,125] oOycioBuiu
MEPCIEKTUBHOCTh Pa3pabOTKW OTEUECTBEHHONW HWHAKTUBUPOBAHHON BAaKIMHBI MPOTHUB
COVID-19. Panee B ®I'AHY «®HIUPUII um. M.II. YymakoBa PAH» (Mucturyr
MOJINOMUENNTA) C UCTIOJIb30BaHUEM OMOPEAKTOPHON TEXHOJIOTUU KYJIbTUBHPOBAHUS KIIETOK
Vero Obutn ycmemHO pa3pa0oTaHbl MHAKTUBUPOBAHHBIE BAKIMHBI MPOTHB KIIEIIEBOTO
suneanura [127] n monmomuenuta [128], a Takke mpoBeAeH aHainu3 BapuaHToB SARS-
CoV-2, nupkynupoBaBiuiux B Poccun Ha paHHUX 3Tanax pa3Butus nanjaemuu [129]. Takum
o0pa3oMm, B XO0jA€ pa3pabOTKH OTEYECTBEHHOW HMHAKTUBHPOBAHHOW [-MPOMUOIAKTOHOM
EIbHOBUPUOHHON BakuuHbl KoBuBak Obul  HMCMONB30BaH 3HAUUTEIBHBIM HAYYHO-
TEXHOJIOTUYECKUH 3a1€E.

Ha nmepBowM 3Tane JOKIMHUYECKHUX HccleqoBanuil BakimHubl KoBrnBak Ha mabopaTopHbIX

IpbI3yHAaX HaMHu OBLIO TMOKa3aHO OTCYTCTBHE IMPU3HAKOB OCTPOH, XPOHHUYECKOM,



92

PENPOIYKTUBHOM, SMOPHO- U PETOTOKCUYHOCTH, TEPATOTEHHBIX CBOWCTB B aHTEHATAIIbHOM
M TIOCTHAaTaJbHOM [E€PUOAE, a TAKXKE aUIepru3upyrommx cBoictB. Kpome Toro,
MPOTEKTHBHAS aKTUBHOCTH BakIMHbI KoBuBak Obliia moaTBeprk/ieHa HAMH B 9KCIIEPUMEHTAX
C 3apaXKE€HUEM CUPUUCKUX XOMSAKOB [41].

C nenbio o1ieHKH 0€30MacCHOCTH U celupUIecKoil akTuBHOCTH BakinHbl KoBuBak Ha
1abopaTOpHBIX MPUMATaX, €€ ABYKpPaTHO ¢ uHTepBajoMm 14 cytok BBomuiu cemu OU (3
camua u 4 camku). Tpem OU u3 KoHTpONbHOM Tpynmsl (2 camia u 1 caMka) B T€ K€ CPOKHU
BBOJAWIM TmpemnapaT 1uianebo. Jlamee ams KakIoro >KUBOTHOTO B O0EUX Tpymmmax
MCCJIEIOBAaHUS TPOBOAMIIN: €XKEIHEBHYIO OIICHKY OOIIETr0 COCTOSHUSA 3J0POBBS B Oajliax;
M3MEpPEHHE MACChI TeJla U PEKTAJIbHON TeMIlepaTypbl TPUK/IbI B HEAEII0; OMOXUMHUYECKHUM U
reéMaTOJIOTUYECKUI aHajlu3 KPOBU HEMOCPEJICTBEHHO NEPE] BBEICHUEM IEPBOW J103bI
BaKIMHBI, a Takxke uepe3 7, 14, 21 u 28 CcyTok; a TakKe OICHKY TUTpa CHenu(UuuecKux
BUPYCHEUTPAIU3YIOIIMX AaHTUTE]I HEMOCPEACTBEHHO MEpE] BBEICHHEM IEPBOW J103bI
BaKIIMHBI, a Takxe yepe3 7, 14, 21, 28, 35 u 49 cyTok.

B pesynbprate paboThl YCTAaHOBIEHO, YTO VY JKMBOTHBIX, MOJYYUBIIMX IMpenapar
WHAKTUBUPOBAHHOW IICIIPHOBUPUOHHOW OYHIIIEHHONW COpPOMPOBAHHOW KOPOHABUPYCHOMU
BakuuHbl KoBrBak, B CpaBHEHHH ¢ KOHTPOJIBHOW T'PYIIION OTCYTCTBOBAJIM CTaTUCTHYECKU
JOCTOBEPHBIE OTJIMYMSA OOIIEr0 COCTOSIHUSI 370pOBbA, MAacChl Tella, pPEKTaIbHOU
TEMIIepaTyphl, a TAK)Ke OMOXUMUYECKUX U T€MaTOJOTMUYECKUX MMOKa3aTeNIel KPOBU.

VY Bcex cemu )XKMBOTHBIX, MOMyunBIINX BakinHy KoBuBak kak B mo3e 3 Mkr (n=1), Tak
U B 03¢ 6 MKT (n=6), k 21 cyTkam mocie BBeJeHUs MepBoil 1036l (7 CyTOK MOCTE BBEICHUS
BTOpPOM J103bI) HaOMIOAANach BbIPAOOTKA MMOCTBAKIIMHAIBHBIX BUPYCHEUTPAIU3YIOMINX
antuten K SARS-CoV-2 B tutpax ot 1:23 go 1:128. Ha 28, 35 u 49 cyTku nocie BBeneHUS
MEepPBOM 103bl BAKLIHUHBI Y )KUBOTHOTI'O, NMOTy4YnBIIero BakunuHy KosuBak B 1o3e 3 MKr, TUTp
BUpycHeWTpanu3yromux anturen K SARS-CoV-2 cocraBun 1:45, 1:32 u 1:64,
COOTBETCTBEHHO; Y JKHMBOTHBIX, HOJYYMBIIMX BakumHy B gno3e 6 wmkr, CI'T
BUPYCHEUTpanu3yromux antuten cocrabui 1:114, 1:64 u 1:86, cooTBETCTBEHHO.

Ha ocHoBaHWU ONMHCAaHHBIX BBIIIE JAHHBIX, TOJIYYCHHBIX Ha JJA0OPATOPHBIX MpUMAaTax,
ObL1 caejlaH BBIBOO O Oe3zomacHocTH BakimHbl KoBuBak, a Takxke 0 ee CIIOCOOHOCTH
WHIYIIMPOBATh BBIPAOOTKY CHEIU(PUYECKUX BUPYCHEUTpanu3yrommx antuten K SARS-

CoV-2, 9T0 B COBOKYIHOCTH C JITaHHBIMH, MOJYYECHHBIMH Ha JJAOOPATOPHBIX TPhI3yHAX U
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KpOJIUKaX, MO3BOJUJIO OOOCHOBAaTh BO3MOXkHOCTH mepexona k I-II ¢daze kimHnueckux
HCCIIEIOBAHNM.

B xome xIMHUYECKMX HCCJICIOBAaHMI HaMH OBLIO IOKa3aHo, 4To BakiuHa KopuBak
obOnamana XOpoIeH TEePeHOCHMOCThI0O M O€30MAaCHOCTBIO. Y JIHI, KOTOpHIC OBLIN
CEpPOHETaTHBHbI MPH CKPUHUHIE, KaK B BO3pacTHoW rpynne 18—60 ner, Tak U B rpymnmne
ctapire 60 yier, mocse MOJIHOTO Kypca BaKIMHAIMHU OoJiee 4eM B 85% ciydaeB B CHIBOPOTKE
KpOBU BbIABISIUCH BUpycHenTpanusytomue anturena (CI'T 1:20 u 1:31, cooTBeTCTBEHHO)
[42]. Takum oOpa3zom, cnenuduaeckas akTUBHOCTh BakimHbl KoBuBak, ycTtaHoBiIeHHas ¢

ucnoias3oBanueM OU, B manpHelIeM Obli1a TOATBEPIKICHA B KITMHUYECKUX UCCIIEOBAHUSX.
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33 I/I3y‘leHI/le A0JTOCPOYHOIO CoO3peBaHUsd UMMYHHOI'0 0TBETA HA BHYTPUMbIIICYHOC
H HHTPAaHa3aJIbHO€ BBCACHUEC aneHOBnpycnoﬁ BeKTOpHOﬁ BaKIINHbI

nporuB COVID-19 Ha 00bIKHOBEHHBIX HTPYHKaX

B nmanHom pazgene omucaHo mnpuMmeHenue nadopatopHbix OW B AOKIMHMYECKHX
MCCJIeIOBaHUSIX O€30MACHOCTH U Crien(rueckor akTUBHOCTH aJICHOBUPYCHON BEKTOPHOU
BakiuHbel potuB COVID-19 Cnytauk V, pazpadorannoit ®I'bBY «HUIDOM um. H.O.
l'amanmen» MunsnpaBa Poccum, a TakKe NPEACTABICHBI pE3yJNbTaThl W3Y4YCHUS
JOJITOCPOYHOTO CO3PEBaHMs UMMYHHOTO OTBETAa HA MHTPAHA3AJIBHOE U BHYTPUMBILIEYHOE

BBeJIcHUE BakIMHbI CIyTHUK V.

3.3.1 MeToasbl

3.3.1.1 Jlabopamopnbwie rx»cugomHbsle U OUEHKA 00UL€20 COCMOAHUA UX 300P0B8bA 8 X00€

IKCnepumernma

Hccnenosanue 6b110 npoeaeHo Ha OU B Bo3pacTe 2—6 €T, pOJUBIINXCS U IOCTOSTHHO
conepkaBimxcsa B Jlaboparopun. 3a mecTs JHEH 10 Hayajga UCCIENOBAHUSA Y KUBOTHBIX
MPOBOAMIIM B3SITUE KPOBU C LEJIBIO OIEHKH COOTBETCTBHUSI KPUTEPHUSAM BKIFOUYECHUS.
Kpurtepusimu Bxmouenuss O B uccienoBanne ObUIN: HOPMaJbHBIE T€MATOJIOTHYECKUE U
OMOXMMUYECKHE MTOKA3aTeNu KPOBU; OTCYTCTBHUE aHTUTEN K aJICHOBUpYyCcaM THUIOB 5 u 26;
OTCYTCTBUE BHpycHeUTpanusyromux antuten K SARS-CoV-2. B oOmel cimoxHOCTH B
HCCIIeIOBaHNE ObLTH BKIFOUECHBI 12 )KMBOTHBIX (5 caMIlOB U 7 CaMOK).

HeranpHbie ycnoBust couepxkanuss OW, pexxum KOPMIIEHHSI, YCIOBHS TPOBEACHUS
AKCIIEPUMEHTATBHBIX MAaHUMYJISALNUNA, METOJUKN UICHTU(DUKAIIUU U OMPENETICHUS MACChl U
TEMIIepaTyphl Tela, a TaKKEe METOAHMKA OLIEHKH OOIEero COCTOSHMS XKUBOTHBIX B XOJI€
skcriepuMenTa onucanbl B ['maBe 1. ID KMBOTHBIX B TaONMIIAX COOTBETCTBYIOT YETHIPEM
nocJieAHUM IudpaM KoAa MOJKOKHOTO PagUOYHIa.

[Tpotokon uccnenoBanust ogo0pen studeckuM komutetom GI'AHY « ODHIIUPUII um.

M.II. YymakoBa PAH» (MHCTUTYT mOIMOMUENHTA).
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3.3.1.2. HmmyHnuzayusn 00bIKHOBEHHBIX UZPDYHOK AOCHOBUDPYCHOU 6CKMOPHOU 6AKUUHOU

npomue COVID-19 u nonyuenue oopazuos ouomamepuana

12 >kuBOTHBIX (5 caM1IOB M 7 caMOK) ObUTM paHJOMH3MPOBAHBI METOJOM CIy4YalHBIX
YUCes U pacipeesIeHbl Ha TPY IpyNIbl (110 4 )KMBOTHBIX Ha rpynny). JKUBOTHBIM U3 ITEpBOM
IPYIIIEI BHYTPMMBINIEYHO BBOAMIM 1/5 vemoBedeckoit mo3bl (2x10'" BupycHbIX wacTum)
MEPBOTO U BTOPOr0 KOMIIOHEHTOB (Ha OCHOBE PEKOMOMHAHTHBIX PETUIMKATUBHO-/1€(DEKTHBIX
aJICHOBHPYCOB THUIOB 26 M 5, COOTBETCTBEHHO) BakiuHbl CriyTHUK V [49] B OGenpeHHyo
MBIy TIpaBoi HWXHEH KoHEeYHOCTH B 00beme 100 mxn (Pucynok 13). Bropoii rpymie
WHTPAHA3aJbHO C MOMOIIbI0 ABTOMAaTUYECKOW MUIETKU BBOAWIU MO 50 MKI MEPBOro u
BTOPOrO KOMIIOHEHTa BakIuHbl CHyTHMK V B Kaxabelii HocoBoi xon (2x10'° BupycHbIx
YacTULl CYMMapHO Ha OJHO KMBOTHOE). IHTEepBaJI MEXK/ly BBEICHUEM NEPBOIO U BTOPOTO
KOMITOHEHTAa BaKIMHBI cOCTaBWI 24 aHS B 00eux rpynmnax. B Te ke OHU KMBOTHBIM M3
KOHTPOJBHOM TPyNmbl BBOIWIM TpemnapaT miaanedo (CTepWIbHBIA HM30TOHUYECKUN

(U3HOTOTUYECKU PACTBOP) KaK HHTPAHA3AJIbHO, TAK M BHYTPUMBIIIEYHO B TE€X K€ 00beMax.

: L] : L] L] L] L} 1 >

[lH1 nocne BBEAEHUA nepsoro 0 11 24 31 58 116 462 764

KOMMOHEHTa BakKUUHbI

B3sTe Ma3koB M3 NONOCTM HOCa *: + +F + + + o :

B3sTne 06pa3uoB CbIBOPOTKM KPOBM + + + + + + + +

B3satue o6pa3uos MIMK + + - + - - - -
Pucynok 13 — Cxema skcnepumenTa. CHHUMU CTpelKaMu 00O03HAYEHBI JHU BBEACHUS
MEpBOr0 M BTOPOro KoMmoHeHTa BakiuHbl CnytHuk V. MIIK — MoHOHYKI€apsl

nepudepudeckoi kpoBu. [nrocamu 0003HauEHBI THU B3STUSI COOTBETCTBYIOIIUX 00Pa3IoB

O6pa3ist kpoBu OU nmst o1IeHKH OMOXMMHUYECKUX U TeMATOJIOTUYECKUX MOKa3aTenei, a
TaK)K€ M3YUYEHUs HAMPSHKEHHOCTU CIEeHU(PHUUECKOro MOCTBAKIIMHAIBHOTO T'yMOPAIbHOTO U
T-k1€eTOYHOr0O UMMYHHOTO OTBETa OBUIM MOJyYEHBbI 0€3 MCIOIb30BaHUS AaHECTE3UH MyTEM
NyHKIMKA O€IPEHHOW BEHBI C HCIOJIB30BAHMEM TPEXKOMIOHEHTHBIX mmmpuieB (SFM,
I'epmanus) oovemom 2,5 M ¢ urnamu 27G. CyMMapHbI €TUHOBPEMEHHO MOJIyYaeMbIi
o0BbeM kpoBu He mpeBbian 3 mi (<8% o0beMa HUPKYIUPYIOUIEH KPOBH).

Ma3ku 13 oJIOCTH HOCA MOJTYYaId C MIOMOUIBI0 METUIIMHCKUX YPOT€HUTAIbHBIX 30HI0B

tuma A («Ilomumepusie uznenus», Poccus) m momemamu B 0,1 mMi docdaTHO-coneBOTO
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oydepa (Sigma-Aldrich), comepkaiiero KOKTeisib MHTHOMTOPOB MpoTenHa3 (Sigma-
Aldrich) u 0,1% a3una natpus.

B3sitrie 00pa3iioB KpOBU U CMBIBOB C MOJIOCTH HOCA MA3KOB Y JKUBOTHBIX HPOBOJIMIH B
OTJICIbHOM MTOMEIIEHUH ¢ UCKIIOYCHUEM BU3YAIILHOTO U Ay TUAIBHOTO KOHTAKTa C JPYTHMHA
*KUBOTHBIMH. [IporieTyphl He BRI3BIBAIH 3HAYUTEITHHOTO TUCTPECCA Y )KUBOTHBIX, IIOCKOJIBKY
JOBISE W 3a00p KPOBU SIBISIFOTCSI PYTUHHBIMH TIPOICIypaMU TPU BETEPUHAPHOM

Mouutopuare OU, comepxanuxcsi B 17a00paTOPHBIX YCIOBUSX.

3.3.1.3 Hccneooeanue cemamoniocuiecKux u OUOXumMuiecKkux nokazameJeil Kposu

B3situe 00pa3noB KpoBM 1T OLEHKM TE€MATOJIOTHYECKUX U OMOXUMHYECKHX
MOKa3aTesIel KPOBH AKUBOTHBIX, OJYYUBIINX aICHOBUPYCHYIO BEKTOPHYIO BaKI[MHY TPOTUB
COVID-19 CriyTHUK V BHYTPUMBILLIEYHO U HHTPAHA3aJIbHO, & TAKXKE B KOHTPOJBHOW rpyIe
MPOBOAMIIM HEMOCPEICTBEHHO IMEpPE]l BBEACHUEM MIEPBOr0 KOMIIOHEHTA BAKLMHBI, a TaKKe

yepe3 11,24 u 31 neHb B COOTBETCTBUM C METOJIMKAMU, OTMCaHHBIMU B ['naBe 1.

3.3.1.4 Hccneoosanue Hanpax3ceHHOCMU CchReyupuueckozo nocmeakuyuHaibhozo T-

KJ1emo4HOo20 ummynumema

YpoBeHb CcHeUPUIECKOTO MOCTBAKIMHAIBLHOTO T-KJIETOYHOrO HWMMYHHOTO OTBETa
OLICHUBAJICS B JIUMQPONPOIU(EepaTuBHOM TECTE B COOTBETCTBUU C METOJIUKOMN, U3II0KEHHON
B II 2.2.3.

AHanu3 ypoBHS IIMTOKMHOB B 00pa3iax OECKIETOYHOM Cpenabl, COOpaHHOM Mocie
MHKYyOaIuu KJIETOK CO CTUMYJamH, MPOBOAMIN C UCIOJb3oBaHMEM Habopa Non-Human
Primate Th 14-Plex ProcartaPlex Panel (Thermo Scientific, CIIIA) B cooTBercTBUU C

VHCTPYKUHSIMHU IIPOU3BOIUATEIIS.

3.3.1.5 Hccneooeanue ypoeusa u asuoHocmu cneyupuueckux noCmMeaKyuHaaibHbvIX
aHmumesn 6 CblGOPOMKE KPOGU U MA3KAX U3 NOJIOCHU HOCA 00bIKHOBEHHBIX UZDYHOK 6

UMMYHOEepMeHmHoM ananuse

PaGoTe! o OLCHKC YPOBHA 1 aBHUAHOCTH ITOCTBAKIIMHAJIbHBIX CHe]_[I/I(l)I/I‘{eCKI/IX AHTUTCEII

OBLTM TIPOBEIICHBI COBMECTHO C coTpyaHukamu JlabopaTtopmm wmukomiazm u Jl-dhopm
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oaktepuii ®I'BY «HULIDOM nm. H.®. 'amanen» Munzapasa Poccuun mog pyKkoBOJACTBOM
k.0.H. A.W. TyxBaTtynuHa.

[ns onpenenenus ypoBHs IgG x RBD SARS-CoV-2 B ceiBopoTke kpoBu OU
WCIIOJIb30BAIM TIpeABapuTeNbHO MNOKpbIThie RBD mramma Wuhan-Hu-1 (B.1.1.1) 96-
JyHOYHBIEC TUTaHIIEeThl u3 Habopa mist MDA, 3aperucTpupoBaHHOTO ISl KIMHUYECKOTO
npuMenenus B Poccun (PI'bBY «HULOM um. H.®@. I'amanen» Munzapasa Poccuun, P3H
2020/10393 2020-05-18). Jlnsa onpenenenust ypoHs 1gG k S-6enky (S1+S2 skTomomen)
SARS-CoV-2 ucnonp3oBanu pacTBOPHI AJsl MOKPHITUS 96-TyHOUYHBIX MUIaHIIETOB (Sino
Biological, KHP) na ocnoBe BapmantoB B.1.1.1 (Wuhan-Hu-1), B.1.617.2 (nenbta) u
B.1.1.539.5 (omukpon BA.5) B xomuuectBe 100 nr na nynky. Hmsa gerexuuu IgG OU
WCIIOJIb30BAIM OYMIIECHHbIE Kponnubu aHtutena K IgG 00e3bsiH, KOHBIOTUPOBAHHBIC C
nepokcuazont xpena (A2054, Sigma Aldrich, CILIA; pazseaenue 1:20 000). Jlns nerexiun
IgA OU ucnonp3oBaivi MOHOKJIOHAJIbHBIE aHTHUTENA, pacmo3Haronue anbda-1 u anbda-2-
TsoKENBIe 1enu IgA, mpencTaBieHHbIE KaK B MOHOMEPHOW, TaK M B MOJIUMEPHON Gdopme
(x10n 3B4 nr06e3H0 npegoctasieH A.0.H., mpod. M.I1. Camoiinosuu, I'BY « PHIPXT um.
ak. A.M. I'panoBa» MwunsapaBa Poccuu, paszseaenue 1:40 000). Paboter mo mombopy
JaHHOTO KJIOHA omucaHsbl B [aBe 2. [leTekuus curnaiga mpoBOAMIACE yTEM A00aBICHUS B
JyHKU pacTtBopa TerpamerunoensuanHa (Mmmynotex, Poccus). Komopumerpuueckuii
CUTHAJl U3MEpsyii ¢ ucnonb3oBanueM 450 H©HM  ¢QuiubTpa HaA  IUIAHIIETHOM
cnektpooromerpuueckom puaepe Multiscan FC (Thermo Fisher, CIIIA) mocne
nobasnenus cromn-pactopa (1M HaSOq; 50 Mk Ha TyHKY).

Jlnst OLIEHKW aBUIHOCTH AHTHUTEN HCIIOJNb30BAIM OIKCAHHBIE BhIMIE 96-TyHOUHBIC
wiadmeTts! 111 MDA ¢ npensaputensno HaneceHHbIM RBD unu S-6enkoM. CeIBOpOTKH
kpoBu OU BHOCHIIY B /IBE TyHKH TUTaHIIETa U UHKYOupoBaiu B Teuenune 60 mun. npu 37 °C.
3atem Ha 10 MUH. B OAHY U3 ABYX JIYHOK JOOABIISIN JEHATYPUPYIOIINiA pacTBOP (PocdaTHO-
coneBoi Oydep ¢ nobaBnenrneM 8M MoueBHHBI), @ B APYTYI0O — KOHTPOJIbHBIN (pochaTHO-
coJieBoi Oydep, mocie 4ero IIaHmeTbl IPOMBIBAIN 5 pa3 pacTBopoM (HochaTHO-COIEBOTO
oydepa ¢ 0,05% Tsunr 20 (ITandko, Poccms). Octampabie dTamel DA mpoBogmnm B
COOTBETCTBHUM C METOJIMKOU, onucanHoi Boie. Munekc aBunnoctu (MA, %) mist kaxxaoro

oOpasma ChIBOPOTKH KPOBU PACCUUTHIBAJICSA KaK OTHOIICHHUE ONTHYECKOW IIJIOTHOCTH B
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JIYHKE, COJEP KaBIIEH IEHATYPUPYIOIIUN pacTBOpP, K ONTHUYECKOW IUIOTHOCTH B JIYHKE,
CoJIeprKaBIIIe KOHTPOJIbHBIN Oydep, mpu TOM ke pa3BeneHnr ceiBOpoTKH [130].

Jnst monutopunra ypoBHs antuten kinacca [gG k N-O6enky SARS-CoV-2 B cbIBOpOTKE
KPOBH >KMBOTHBIX C LIEJIbI0 HUCKIIOUEHHS CIIyYaeB HE3aPETUCTPUPOBAHHOIO 3apaKEHUSI OT
MepCOHasa B YCIOBUSAX MAHAEMHUH UCIIOJIB30BAIM HAOOP )11 UMMYHO(DEPMEHTHOTO aHaIu3a,
3aperucTpUpOBaHHbIN Uil KIuHUYeckoro npumeHenus (Bekrop-bect, Poccust) ¢ 3ameHoi
AHTUBHJIOBBIX JIETEKTOPHBIX aHTUTE] HAa MOHOKJIIOHAJIbHBIE aHTUTENA, pacno3Haromue 1gG
OU (A2054, Sigma Aldrich, CIIIA; pa3senenne 1:20 000). OcTanbHBIC 3Tabl MPOBEICHUS

MDA cooTBETCTBOBAIIM METOIMKE, OIMMMCAHHON BBIIIIE.

3.3.1.6 Hccneooeanue yposusa eupycueiumpanuzyrouwyux aumumen k SARS-CoV-2 ¢

CbléOpoOmKe Kpoeu

PaGoTbl 10 OlleHKe MOCTBAKIIMHAIBHOTO CHCTEMHOT'0 TYMOPaTbHOTO MMMYHHOT'O OTBETA
y OWN Obimu mpoBeNEeHbI COBMECTHO C COTpyIHUKamu Jabopatopuu [ocygapcTBeHHOU
kojuiekuuu BupycoB ®I'BY «HUIOM um. H.®. I'amanew» MunsgpaBa Poccum mnon
pykxoBojicTBoM K.0.H. M.B. JlomkukoBoil B cooTBeTcTBUM ¢ npaBuiamu padotsl ¢ [IBA 11
TPYIIBI TATOT€HHOCTH.

[ns  ompeneneHuss ypoBHsA BUpycHeUTpanu3yromux aHturen K SARS-CoV-2
ucroiab3oBayim BUpychl BapuantoB B.1.1.1 (PMVL-1, mramm Wuhan-Hu-1, GISAID
EPI ISL 421275), B.1.617.2 (nenbta) u B.1.1.529.5 (oMuKpOH), BbIACIEHHBIE U3 Ma3KOB
Hocornotku naruenToB ¢ COVID-19 B MockBe u 3aienoHUpOBaHHbIE B ['0CYy 1apCTBEHHYIO
koJuiekuuio BUpycoB ®I'bY «HULIOM um. H.®. 'amanen» Munsapasa Poccun.

Kierkn Vero E6 (ATCC CRL-1586) xynastuBupoBamm B cpeae JIMEM (HyClone,
CIIA) ¢ noGasnenuem 2% dertanbHor Obrubeit chiBopoTKH (DBC; Capricorn Scientific,
['epManus), WHAKTUBUPOBAaHHOW HarpeBaHueMm, L-rmyramuna (4 MM) u  pactBopa
nennmuinaa/cTpentomuimaa (100 ME/mi, 100 mr/mm; [TarDko, Poccus). OGpasmbl
ceIBOpOTKH kpoBu OW MHAaKTUBHpOBaNIM MyTeM HHKyOamuu mpu temieparype 56 C B
teyeHue 30 MUHYT, MOCJE YEro MPOBOAMINA CEPUMHBIC ABYKPATHBIC Pa3BEACHUS B MOTHOU
cpene IMEM c no6asnennem 2% ObC, nHaKTUBUPOBAHHON HarpeBaHueM. 3ateM o0pa3iibl
CMEIMBAIM B cooTHoweHHH 1:1 ¢ BupycHOU cycnensuei, coaepxkamein 100 TCIDso

cootBercTByomIero Bapuanta SARS-CoV-2 B obmiem 00véMe 100 Mk 1 MHKYOHpOBaIu
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npu temmneparype 37 °C B teuenue 1 gaca. [lomydeHHYO cMech JO0OABISUIH K MOHOCIIOIO
kieTok Vero E6 n nnkyOupoBanu B Teuenue 96 vacos. L{I1D Bupyca B ki1eTKax Oll€HUBAIN
BU3YyalibHO. TUTp HEUTpanmu3anuu ONpeAessii Kak HauboJbIlIee pa3BeCHUE CHIBOPOTKH,

pu kotopom [II1D He Habmromancs B AByX U3 TPEX JTYHOK.

3.3.1.7 Cmamucmuueckuii anaiusz

CTaTUCTUYECKYIO OLIEHKY TIOCTOBEPHOCTH PA3IUYHI UCCIIETyEMBIX TApaMeTPOB 00IIEro
COCTOSIHUSA ~ 37I0pOBBS, TEMIlEpaTyphl Tejla, MacChl Tela, OHOXUMHUYECKUX U
reMaToJOTUYECKUX  [OKa3aTelled KPOBH  JKMBOTHBIX, TMPOBOAWIA C  TOMOIIBIO
nByx(akTopHOro aucrepcuoHHoro ananmsa (2-way ANOVA) ¢ mompaBkoii Geisser-
Greenhouse. CpaBHeHHE NPOBOAWIN C KOHTPOJIbHOM rpymmoil. [lpu MHOKECTBEHHBIX
CPaBHEHMAX MCIOJB30BANK THonpaBKy Sidak. CTaTHCTHYECKYIO OIEHKY JOCTOBEPHOCTH
pa3IUYMil UCCIIENyEMBIX MapaMeTPOB TUTPA BUPYCHEUTPATH3YIOUINX AHTHUTEN K BHPYCY
SARS-CoV-2 B OSKCHEpUMEHTAIIBHBIX M  KOHTPOJIBHOW TIpyIIE NPOBOAWINA C
UCIOJIb30BaHUEM TecTa MaHHa-YuTHU. JlOTIOMHUTENbHBIE TECThI, C MOMOIIBI0 KOTOPBIX
MPOBOJMIOCH CPAaBHEHHME MapaMEeTPOB HMMYHHOTO OTBETa, YKa3aHbl B MOAMHUCIX K
pucynkam. PacueTsl mpoBOIMIN € UCTIONB30BaHUEM IIporpaMMHOro odecneuenus: GraphPad

Prism 9 (v. 9.3.1, GraphPad, CIIA). Paznuuus cuntanucs noctoBepubimu mpu P < 0,05.
3.3.2 Pe3yabTathbl

3.3.2.1 Cpasnumenvnas oueHKa o00uUL€20 COCMOAHUA 300pP06bA, MACCHL Mena,
memnepamypsl mend, OUOXUMUYECKUX U 2eMAMOI0ZUYECKUX noKazameneil Kposu

HCUBOMHDIX 6 IKCREPUMEHMAIbHbLX 2pynnax

B uccnenoBanue B o6meit cnoxkHocty Obutn BKItoueHbl 12 OU (5 camiioB u 7 camok),
COOTBETCTBOBABIIUX KPUTEPHUSM BKIIOUEHHUS (HOPMAJbHBIE TI'E€MATOJIOTMUECKHE U
OMOXMMUYECKHE MOKA3aTeNu KPOBU; OTCYTCTBHUE aHTUTEN K aJICHOBUpYyCcaM THUIOB 5 U 26;
orcyTcTBUEe HeuTpanusyomux antuten SARS-CoV-2). KuBoTHble U3 NEpBOM TpYIIbI
(n=3) moy4YniIu BHyTPUMBIIICYHYIO UHBEKIUIO 1/5 4enmoBedecKoil 1036l MEPBOTO U BTOPOTO
xommnoHenTa Bakuuubl CriytHuk V (2x10'° Bupycubix wactun B 100 Mxi1) ¢ maTepBanom 24

aus1. JKUBOTHBIE U3 BTOPOU Tpyniibl (N=3) MOJYYHIA UASHTUYHYIO 103y MIEPBOTO U BTOPOTO
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KOMITIOHEHTa BakiuHbl CryTHUK V uHTpaHa3zanbHO (1o 50 MKJI B KaXKIblii HOCOBOM XOI,
2x10'° BUpyCHBIX 9acTHI] CyMMapHO Ha OJHO KHUBOTHOE). JKXHBOTHBIM U3 TPETHEH IPyIIIILI
(n=3) BBOMIM mpenapat mianebdo u BHyTpuMbIieyHo (100 M), u uaTpanazanbpHo (1o 50
MKJI B KaXJbli HOCOBOM XOJa) B T€ ’X€ JHU. B TeueHue HUCCIENOBAHUS Yy KUBOTHBIX
MIPOBOJIMIIH OIICHKY OOIIETO COCTOSIHUSI 3I0POBbsI, MACCHI T€JIa U PEKTAIBHONU TEMIIEPATYPHI.
Kpome Toro, Obumn mosydeHsl 0Opas3ibl KPOBU MJsi MPOBEACHUS T€MAaTOJOTHYECKOTO U
OMOXMMHUYECKOTO aHajin3a, a TaKkKe OILEHKH Chenuduueckoro rymopaibHoro u T-
KJIETOYHOTO MMMYHHOTO OTBETa Ha BHYTPUMBINIEYHOE M HMHTPAHA3aJbHOE BBEICHUE
BakUHUHbI CIIyTHUK V.

Onenky OOIIer0 COCTOSHUSI 370pOBbS BCEX JKMBOTHBIX NPOBOAWIM B Oanjax B
cooTBeTcTBUM ¢ Tabmumei 1 exeaHEBHO €O OHS, MPEAMIECTBYIONIECTO JHIO BBEIACHUS
MEePBOTr0 KOMIIOHEHTA BaKUWHBI. Pe3ynbTaThl CPaBHUTEIBHON OLIEHKH OOIIEro COCTOSHUS
310POBBS JKUBOTHBIX B SKCIIEPUMEHTAJIBHBIX I'PYIIIAX ¢ KOHTPOJIBHOMN I'PYIIION IPUBEICHBI

B Ta0Omure 10.

Tabnuna 10 — OOmias oleHKa COCTOSHUS 310POBbs )KMBOTHBIX B TPYMIaX, MOJyYaBIINX
aJICHOBUPYCHYIO BEKTOpPHYIO BakuuHy 1potuB COVID-19 BHyTpUMBIIIEYHO U
WHTpaHa3aJIbHO, & TAKXKE B KOHTPOJIBHOU IpyIie

Oo61uee cocrosinue, 0aJJ10B
ID xuBOTHOI0, IMOJI
Jun Il1ane0o BHyTpHuMBILIEYHOE BBEICHHE HNuTpana3ajnbHoe BBeJACHUE
= = = = = P P P = P = P
0 0 = 0 N N = o P* © g < A P*
-1 0 0 0 0 1 0 0 0 ns 0 1 0 0 ns
0 1 0 1 1 1 1 0 1 ns 0 1 0 0 ns
1 1 0 0 0 1 1 0 1 ns 0 1 0 0 ns
2 1 1 0 0 1 0 0 1 ns 0 1 1 1 ns
3 0 0 0 0 0 0 1 0 ns 0 0 0 0 n/a
4 0 0 0 0 0 0 1 0 ns 0 0 0 0 n/a
5 1 0 0 0 1 0 1 1 ns 0 1 0 0 ns
6 1 0 0 1 1 0 0 1 ns 0 1 0 0 ns
7 0 0 0 0 0 1 0 0 ns 0 0 0 0 n/a
8 1 0 0 0 1 0 0 1 ns 0 1 0 0 ns
9 0 0 0 0 0 1 1 0 ns 0 0 0 0 n/a
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10 1 0 0 0 0 0 0 1 ns 0 0 0 0 ns
11 1 0 0 1 1 1 1 1 ns 0 1 0 1 ns
12 0 0 0 0 1 0 0 0 ns 0 1 0 0 ns
13 0 0 0 0 1 0 0 0 ns 0 1 0 0 ns
14 0 0 0 0 0 0 1 0 ns 0 0 0 0 ns
15 1 0 0 0 0 0 1 1 ns 0 0 0 0 ns
16 1 0 0 0 0 0 0 1 ns 0 0 0 0 ns
17 0 0 0 0 0 1 0 0 ns 0 0 0 0 | n/a
18 0 0 0 0 0 0 1 0 ns 0 0 0 0 | n/a
19 1 0 0 0 1 0 0 1 ns 0 1 0 0 ns
20 1 0 0 1 1 0 0 1 ns 0 1 0 0 ns
21 1 0 0 0 0 0 1 1 ns 0 0 0 0 ns
20 0 0 0 0 0 0 1 0 ns 0 0 0 0 | n/a
23 1 0 0 0 0 0 0 1 ns 0 0 0 0 ns
24 0 0 0 0 1 1 1 0 ns 0 1 0 0 ns
25 0 1 0 0 1 0 1 0 ns 0 1 1 1 ns
26 0 0 0 0 0 1 1 0 ns 0 0 0 0 | n/a
27 2 0 0 0 1 0 1 2 ns 0 1 0 0 ns
28 1 0 0 0 0 0 1 1 ns 0 0 0 0 ns
29 0 0 0 0 0 1 1 0 ns 0 0 0 0 | n/a
30 0 0 0 0 0 1 1 0 ns 0 0 0 0 | n/a
31 1 0 1 0 1 2 1 0 ns 0 2 0 0 ns
32 1 0 0 0 1 0 1 1 ns 0 1 0 0 ns
33 1 1 1 0 1 0 1 1 ns 0 1 1 1 ns
34 0 1 0 0 1 1 1 0 ns 1 1 1 1 ns
35 0 1 0 1 1 1 1 0 ns 1 1 1 1 ns

* — NS — HET CTAaTUCTUYECKH 3HAYMMBIX OTIMYUN OT KOHTposbHOU Tpynmsl (P > 0,05);
n/a — CTaTUCTHYECKUN aHAJIN3 HEMPUMEHHUM H3-3a HYJIEBBIX 3HAUYCHUM.

CraTucTUYeCKH 3HAYMMbIE OTJIMYUS OOLIETO COCTOSIHUSI 3/I0pPOBbSl KMUBOTHBIX B
SKCHEPUMEHTAJIBHBIX TPYIIAaX OT KOHTPOJIBHOM IPyNIbl OTCYTCTBOBAJIM B TEYEHUE BCETO
MIEpHUOJIa UCCIEA0BAHMUS.

Maccy Tena >KMBOTHBIX OIPENEISUIM HEIOCPEICTBEHHO IIEpe]l BBEACHUEM IIEPBOTO
KOMIIOHEHTA BaKIMHEI, a Takxke Ha 3-i, 7-u, 11-i, 15-1, 17-i, 24-i1, 28-i, 31-i1 u 35-i1 neHb
IIOCJI€ BBEJCHUS INIEPBOrO KOMIIOHEHTA BAKIMHBI C IOMOIIBIO JJIEKTPOHHBIX BECOB.
TemmepaTypy Tena *KUBOTHBIX ONMPEAEISUIM B T€ K€ JHU, UTO U MACCY Teja, PEKTAIbHO Ha
MOCTOSHHONW TIyOMHE 2 CM, UCIOJNB3ys JJIEKTPOHHBIM TepMoMeTp. PesynbTaTs
CPaBHUTEJIBHOW  OLIEHKM MacChl Tela W  TEMIeparypbl Teda JKUBOTHBIX B
AKCIIEPUMEHTAIBHBIX TPYIIAax C KOHTPOJbHOW Tpymnmod mnpuBeneHsl B Tabmuue 11 u

Tabmune 12, COOTBETCTBEHHO.
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Tabnuna 11 — Macca Tena XUBOTHBIX B Tpylmnax, MOJYYaBIIMX aJCHOBHPYCHYIO
BEKTOpHYIO BakiMHy NnpoTuB COVID-19 BHYTpUMBIIIEYHO W MHTPAHA3AJIbHO, & TaKXKE B
KOHTPOJIBHOU TPYIIIIE

Macca tesa, r
ID :xMBOTHOI0, IMOJI

Tun Inaunedo BuyrpumbiineyHoe BBeAenue | MHTpaHa3ajJbHOe BBeleHHE
= = = = = P P P p P = P
o~ [*)) o < <
oS % IS = N N = o | P* x = X o | P*
o~ e) >~ ~ o~ >~ >~ >~ o >~ o~ e)
o (@\] S o o &) &) &) o &) o (@\]

0 420 | 400 | 400 | 490 | 390 | 370 | 380 | 480 | ns | 400 | 490 | 350 | 420 | ns
3 420 | 380 | 370 | 460 | 380 | 380 | 380 | 470 | ns | 390 | 480 | 370 | 405 | ns
7 420 | 390 | 360 | 450 | 390 | 370 | 370 | 470 | ns | 390 | 470 | 370 | 400 | ns
11 | 420 | 400 | 380 | 460 | 400 | 380 | 390 | 500 | ns | 410 | 480 | 380 | 420 | ns
15 | 420 | 380 | 370 | 450 | 395 | 380 | 370 | 480 | ns | 410 | 490 | 370 | 400 | ns
17 | 420 | 380 | 360 | 440 | 380 | 380 | 385 | 470 | ns | 405 | 495 | 380 | 405 | ns
24 | 400 | 360 | 370 | 460 | 380 | 380 | 370 | 490 | ns | 420 | 500 | 380 | 400 | ns
28 | 420 | 365 | 370 | 450 | 360 | 370 | 365 | 490 | ns | 415 | 480 | 370 | 400 | ns
31 | 420 | 395 | 400 | 470 # 380 | 380 | 380 | 500 | ns | 430 | 490 370 | 420 ns
35 | 410 | 380 | 380 | 470 | 370 | 385 | 370 | 500 | ns | 410 | 500 @ 370 | 400 ns
* — NS — HET CTAaTUCTUYECKH 3HAYMMBIX OTIMYHN OT KOHTpoJibHOU Tpynmsl (P > 0,05);

n/a — CTaTUCTUYECKHM aHAN3 HEIPUMEHUM U3-32 HYJIEBbIX 3HAUCHUU.

Tabnuna 12 — TemmnepaTypa Tena »KMBOTHBIX B TpyNnax, MOJY4YaBIIUX aJCHOBHUPYCHYIO
BEKTOPHYIO BakiuHy NpoTuB COVID-19 BHYTpMMBIIIEYHO W MHTPAHA3aJIbHO, & TaK¥KE B
KOHTPOJIBHOU TPYIIIIE

Temnepartypa teaa, "C

ID xMBOTHOI0, MOJI

JTan IInane6o BuyrpuMmeimieynoe seeenue | MHTpaHasajibHOe BBeIeHUE
= P P = = e e P = P = P
el ~ N (ag) < <t
&3 oo I 3 i I S s | P* | X S = oo | P*
o~ Ve) >~ ~ o~ > >~ >~ o >~ o~ Ve)
o (@) S o o S S S Pa) S o (@\

0 40,8 | 40,6 | 40,7 | 39,7 | 40,4 | 40,4 | 39,8 | 40,8 | ns | 39,4 | 39,9 | 40,4 | 40,6 | ns
3 39,9 | 40,8 | 40 | 39,8 | 39,8 39,8398 |40,5| ns | 39,8 | 40,3 | 40,3 |40,6 | ns
7 40,2 | 40,8 | 40,5 | 40 | 40,6 | 40,2 | 40,1 | 40,4 | ns | 39,8 | 40,8 | 41 |40,5| ns
11 |40,5]403|40,5|39,5]| 403 | 40,2 | 40,1 | 40,6 | ns | 39,6 | 40,6 | 40,5 | 40,5 | ns
15 |[39,8|40,8 |40,5| 40 | 404 | 40 | 39,7 40,3 | ns | 40 | 40,5405 | 41 ns
17 | 40,1 | 40,6 | 40,3 | 39,6 | 40,2 | 39,6 | 39,9 | 39,8 | ns | 39,5 | 40,2 | 41 |40,5| ns
24 | 40,540,5|40,7| 40 399 | 40 | 39,8 40,4 | ns | 39,9 |39,5|404 |40,7| ns
28 | 40,5 40,8 | 40,3 | 40,2 39,6 | 39,8 | 39,8 | 39,6 0,013 39,2 | 40,3 | 40 | 41 ns
31 | 40,7 | 39,9 40,3 | 39,5 | 40,1 | 40,2 | 40,1 | 40,4 | ns | 39,4 | 40,3 | 40,8 | 40,3 | ns
35 40,3 40,8 40 | 40 | 40,1 | 39,5 40,1 39,7 | ns | 39,6 40 | 40,8 | 41 ns
* — NS — HET CTAaTUCTUYECKH 3HAYMMBIX OTIMYHN OT KOHTpoJibHOU Tpynmsl (P > 0,05);

n/a — CTaTUCTUYECKHM aHAU3 HEIPUMEHUM U3-32 HYJIEBbIX 3HAUCHUU.
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B3situe 00pa3noB KpoBUM S OLEHKH TE€MaTOJOTHYECKUX W OHOXMMHYECKHX
MOKa3aTeJeld KPOBU KUBOTHBIX MPOBOJMIIM HEMOCPEACTBEHHO IEpE] BBEACHUEM IEPBOIO
KOMMOHeHTa BakuuHbl CoyTHuk V, a Takke yepe3d 11, 24 u 31 cyrtku. Pe3synbrarsl
CPaBHUTEJIBHOW OLEHKU HCCIEAYyEMBIX IOKa3aTelied B AKCIEPUMEHTAIbHBIX TpyHmax c

KOHTPOJBHOM rpymnmoi npuseaeHsl B Tabmnuue 13.

Tabnuna 13 — BuoxuMmuueckne M reMaTOJOTUYECKHE TOKa3aTeldd KPOBU J>KUBOTHBIX B
IpyIax, MNOJy4YaBIIMX aJICHOBHUPYCHYIO BEKTOpHYIO BakiuuHy mpotuB COVID-19
BHYTPUMBIIIEYHO U HHTPAHA3aJIbHO, a TAKKE B KOHTPOJIBHOM TpyIIIie

ITapameTrpsbl

ID :xMBOTHOI0, IMOJI

Tun ITnane6o BuyrpumbiimieyHnoe Beeaenne | MHTpaHasanbHOe BBeAEeHHUE
= = = = = e e e = e = P
T D~ N N <t <
=3 0o I = Q I S o | P* | =X S 3 © | P*
o~ e >~ ~ o~ >~ >~ >~ o >~ o~ e
o [\l S o o S S S Pa) S o [\l

AslannHamuHOTpaHcdepasa, en./n [pedgepencHblii nurepsad: 0,79-45,33]
0 14,1 43 | 63 | 48 | 38 | 72 | 46 | 6,2 | ns | &7 | 6,7 | 6,7 8 ns
11 6,6 123|116 42 | 46 | 73 | 27 | 93 | ns | 45 | 9,5 | 56,6 | 7,8 | ns
24 6,8 | 3,6 |236| 64 | 33 | 44 | 34 | 3,77 | ns | 3,5 | 46 | 56 | 7 ns
31 55 (57|67 | 27| 32| 32| 33 3 ns | 23 | 6,1 | 51 |12,8| ns
AcnaprataMmuHoTpaHcgepasa, en./Ja [pedepencHslii uaTepBas: 51,24-316,12]
0 |198,3/114,6/172,9|140,6(107,3|143,6/109,2|135,8| ns |184,2|147,3|152,8|141,5| ns
11 |131,9|141,7| 140 [102,9(100,9| 133 |233,1(127,7| ns | 101 |131,6|260,2|146,7| ns
24 (1333 115 |141,8|147,6/128,9/127,9|107,9|127,2| ns |104,1|119,6(127,6(129,9| ns
31 |139,5/130,8|132,4|108,3(114,6| 89,8 |107,8| 97,4 | ns | 93,5 |103,9109,2|126,2| ns
Ilesounas ¢ocdarasa, en./s [pedepencusniii nuarepsa: 44,00-426,25]
0 |158,31159,4|154,2| 89 |[112,1|98,3 |121,6(129,7| ns | 88,9 | 117 | 199 |191,3| ns
11 120 | 115 |121,7| 85,7 | 107 | 90,2 | 125 |127,4| ns | 115 |111,4{161,7|159,3| ns
24 |125,4/140,2|113,6|108,1|134,4/105,6|122,8|131,5| ns |153,6|117,1({190,5/160,8| ns
31 |127,81137,8|137,7| 96,5 [131,3| 97,2 | 104,8|126,6/ ns |155,7|106,6|173,7{163,9| ns
OO0wmmii 6en0K, r/n [pedepencHblii naTepBad: 41,1-74,8]
0 70,4 | 69,7764 | 73 | 70,9 | 70 | 68,3 |72,5| ns | 66,7 | 77,2 | 74,3 | 74,3 | ns
11 (72,1705 71,8 |73,6| 709 | 687|766 |734| ns | 696 | 71 |71,3|70,3| ns
24 | 7451702 729|763 | 73,9753 | 73,6 |732| ns | 74 | 752 78,6 |74,6 | ns
31 7221692 |77,5|783 (729|669 | 689|752 ns | 773 | 71 | 71,8 |74,4| ns
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Aub0ymuH, 1/1 [pedepencHblii natepsan: 10,77-57,88]

0 50,8 |50,62|51,46|45,81|48,48(47,06| 43 [49,12| ns |41,68|53,58(52,02(52,56| ns
11 |48,68|45,51|47,02(44,58|45,75142,29|45,03 |147,82| ns |40,42|46,47|46,2846,86| ns
24 |51,75/49,26|49,59|46,96|49,2349,87|45,65 49,12 ns |44,95|50,15|51,52|49,9 | ns
31 |49,75| 47,4 |50,86|46,57| 45,8 |43,76| 42 | 49,9 | ns |48,05|48,78|48,45|50,91| ns
MoueBuHa, MMOJIb/JI [pedepencHblil nHTepBaJ: 3,37-18,67]
0 4,04 |476|2,74|4,09 | 3,06|5,79]| 5,61 |497| ns | 522|779 3,36 |5,56| ns
11 [3,17]593 483|646 | 3,62 | 428 | 7,59 |531| ns | 3,98 | 5,45 | 3,93 |7,14| ns
24 | 3,02 |436|2,67|445| 327|438 5,09 | 424 | ns | 2,21 | 6,23 | 3,35 | 6,56 | ns
31 39 | 6,7 | 2,88 1 489|395 | 3,8 | 3,67 | 247 ns | 2,96 | 454 198 | 442 | ns
Tpurauunepuabl, MMoJIb/J1 [pedepencHsblii uHTepBa: 0,56—2,63]
0 1,270,799 0,93 | 2,09 | 0,69 | 1,14 | 0,48 | 1,18 | ns | 2,17 | 1,39 | 1,48 | 1,08 | ns
11 1.4 1,14 1,02 | 2,61 0,72 | 1,22 | 0,98 | 2,12 ns | 2,98 | 2,25 | 1,85 | 1,54 | ns
24 1,25/ 0,76 | 1,52 1299 0,85 | 1,29 | 0,72 | 2,13 | ns | 1,36 | 3,89 1,47 | 3,18 | ns
31 159074 1,24|259| 1,43 | 0,57 | 0,64 | 1,47 | ns | 1,08 | 2,26 | 1,16 | 0,8 | ns
Kpeatunu, Mmmoun/a [pedepencHblii uarepsai: 38,94-62,38]
0 57,8 149,7| 49,3 1419 50,9 52,8 | 39 | 44,7| ns 53,4 | 493 | 59,6 54,6 | ns
11 | 46,3 | 51,8 | 56,5 | 38,6 | 51,1 | 499 | 452 | 48 | ns | 51 | 458 66,6 49,2 ns
24 458 | 573 48 | 452 544 | 49 | 44,6 392 ns | 39,5 | 40,2 55,1 |555| ns
31 5331499 49 | 37,6 54,1 473 | 39,1 452 ns | 36,8 | 41,8 | 57,4 | 56,9 | ns
OO0mmii OnaupyouH, MKkMoJIb/a [pedepencHblii nuutepsai: 0,03—-4,24]
0 0,2 | 0,9 0 0 0,6 0 0 0 ns 1,3 0 0,6 | 0,2 | ns
11 0 0 0 0 1,3 0 0 0 ns 0 0 0 0 ns
24 02 02| 02 0 0 0 0,6 0 ns 0 0 0,2 | 0,2 | ns
31 0 0 0 0 0 0,2 0 0 |'na| 02 02 0 0 ns
IIpsimoii OnmpyOuH, MKkMoJIb/1 [pedepercHblii naTepBan: 0,0-1,3]
0 0,5 | 0,6 0 0 0,2 0 0 0,1 ' ns 1 0,503 05 ns
11 0,1 0 0,1 | 0,1 | 04 0 01 1 01 =ns | 05|02 04| 01| ns
24 | 0,1 0 0,1 | 0,5 05 0 0 0,3  ns 0 0 0 01| ns
31 0 0 0 04 04 0 0 0 ns | 04 | 07 0 01| ns
JpuTpOUMTHI, KI1eTok*10712/1 [pedepencHblii nuntepsan: 3,47-7,88]
0 7,67 | 6,83 | 7,25 | 7,82 9,19 | 5,25 | 5,67 | 8,24 | ns | 5,83 | 9,14 | 8,66 | 7,61 | ns
11 | 7,67|5,72 5,62 | 6,14 | 5,04 | 5,09 | 3,68 | 7,88 | ns | 7,35 | 6,83 | 7,77 | 5,51 | ns
24 7,776,772 7 | 7,07 994 | 833|539 8,68 ns | 616|931 7,14 7,77 | ns
31 |9,03]756|7.84]|9,17| 8,12 | 7,07 | 4,34 | 819 | ns 7 10,78| 7,28 | 6,3 | ns
JleiikouuThl, K1eTok*1079/1 [pedepencHslii muaTepBa: 2,72-10,85]
0 8,66 13,521 9,98 |12,99 12,34| 10,5 | 9,71 |10,24| ns | 11,16 5,78 | 8,27 |14,18 ns
11 6,69 6,83 8,53 | 8,01 10,89| 9,71 | 6,56 | 7,35 | ns | 13,91 9,32 4,99 | 6,96 | ns
24 8,79 6,43 | 6,56 | 8,53 | 8,4 |13,39| 5,78 | 6,56 ns |11,29| 4,99 8,01 |13,26| ns
31 |735]8,14 5,12 893 879 9,06 | 6,96 9,19 ns | 9,71 | 591 | 6,43 | 7,74 | ns

ITanouxkosinepHbie HeHTPOpUILI, % [pedepencHsblii nHTEpBa: 0,0—4,0]
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0 0 0 0 2 1 3 2 1 ns 3 1 0 1 ns
11 2 0 1 2 2 1 0 1 ns 2 1 0 0 ns
24 0 0 0 5 2 1 0 0 ns 2 1 0 0 ns
31 3 0 1 1 1 0 2 1 ns 1 1 1 0 ns

CermenTosiiepabie HeliTpoguisbl, % [pedepeHcHblii nnTepBan: 28,25-78,05]
0 47 55 | 37 | 48 | 55 | 40 | 47 45 ns | 67 | 48 | 67 | 55 | ns
11 59 | 38 | 44 | 66 | 65 | 52 | 56 33 ns 46 | 44 | 71 | 82 | mns
24 64 | 59 | 35| 59 | 73 | 66 | 54 25 ns 44 | 50 | 71 | 75 | mns
31 60 | 60 | 47 | 64 | 39 | 43 | 43 34 0,018 37 | 38 | 64 | 66 | ns
Bazodunasl, % [pedepencubrii nunrepsadn: 0,0-5,0]

0 1 1 0 0 1 0 1 0 ns 0 1 1 0 ns
11 0 0 0 0 0 1 0 0 ns 0 1 0 0 ns
24 1 1 0 0 3 1 1 0 ns 3 0 1 1 ns
31 0 0 0 1 2 7 0 1 ns 3 0 0 0 ns
JozuHopuiabl, % [pedepencusiii uaTepsas: 0,0-13,75]
0 0 0 0 0 0 1 1 0 ns 0 0 0 0 | n/a
11 0 0 0 0 0 0 0 0 | n/a 0 0 0 0 | n/a
24 0 0 0 0 0 0 0 0 | n/a 0 0 0 0 | n/a
31 0 0 0 0 1 0 0 0 ns 0 0 0 0 | n/a
MonounTtsl, % [pedepencHsblii natepBai: 2,0-17,05]
0 3 4 3 7 6 8 3 4 ns 4 3 3 6 ns
11 4 3 2 5 1 3 2 3 ns 3 5 2 3 ns
24 2 2 2 2 1 2 3 4 ns 5 2 3 2 ns
31 3 3 5 4 4 4 2 4 ns 3 4 2 2 ns

JInmdonurel, % [pedepencuniii unTepsai: 14,0-62,70]
0 49 | 40 | 60 43 | 37 | 48 | 46 | 50 | ns | 26 | 47 | 29 | 38 | ns
11 35 | 59 | 53 | 27 | 32 | 43 | 42 | 63 | ns | 49 | 49 | 27 | 15 | ns
24 | 33 | 38 | 63 34 | 21 | 30 42 71 | ns | 46 | 47 25 | 22 | ns
31 34 | 37 | 47 | 30 | 53 | 46 | 53 | 60 10,029 56 | 57 33 | 32 | ns

* — NS — HET CTAaTUCTUYECKH 3HAYMMBIX OTIWYUN OT KOHTposbHOU rpynmsl (P > 0,05);

n/a — CTaTUCTUYECKHM aHAU3 HEIPUMEHUM U3-32 HYJIEBbIX 3HAUCHUU.

Ha npoTsixenun uccienoBaHus TOJbKO B IBYX CIIy4asiX HaOJI0AaNOCh CTaTUCTUYECKU
JI0OCTOBEPHOE OTIMYHE B yPOBHE OIIEHUBAEMBIX MIOKa3aTeseil 6€30MacHOCTH BaKIIUHBI MEXKITY
AKCIIEPUMEHTATBHBIMU TPYTIIAMH U KOHTPOJAbHOM rpynnoii (Tabmuust 11-13). Ha 28-ii nenp
MOCJIe BBEJICHUS NIEPBOTO KOMIIOHEHTA BaKIIMHBI HAOTI01a710Ch CTATUCTHYECKH 3HAaUUMOe (P
= 0,013) cHmkeHne TeMmmepaTypbl Tela y KMUBOTHBIX, MOTYYUBIIUX BakuuHy CoyTHUK V
BHyTpuMBIIeYHO (B cpeanem Ha 0,8 °C), mo cpaBHEHHUIO C KOHTPOJIbHOM rpynmnoi. Kpome

TOTO, Ha 3 1-¥ IeHb TI0CIIe BBEICHHS ITEPBOT0 KOMITOHEHTA BaKITUHEI (7 THEH MTOCIEC BBEACHUS
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BTOPOTO KOMIIOHEHTA) B TPYIIIEC JXWUBOTHBIX, IMOJIYyYMBIIMX BakinuHy CrnyTHHK V
BHYTPHUMBIIIIEYHO, HAOIIOMATIOCh yBEIWYEHHWE IO JUMQOIUTOB B JICHKOIHMTAPHOU
dbopmyne (P = 0,029) ¢ KoMIIEHCATOPHBIM CTATUCTHYECKH 3HAYMMBIM CHUKEHUEM JIOJHU
cermeHTosaepHbIx HelTpodunos (P = 0,018) mo cpaBHEHUIO ¢ KOHTPOJIBHOU Tpymnmoil. B
000WX ciydasXx 3HAUYCHHS MMapaMeTPOB HAXOIUIUCh B paMKaxX pedepeHCHBIX 3HAYCHUHN IS
MIPUMATOB JAHHOTO BUJA. Y Ka3aHHbIC HAOIIOICHHUS MOTYT CBHICTEIHCTBOBATh O PA3BUTHU
MMOCTBAKIIMHAILBHOTO WMMYHHOTO OTBETa W COOTBETCTBOBAJIM IMOOOYHBIM 3P dheKrTam
BaKIIMHAIINY, HAOTIOJaBIIUMCS Y JTIOJICH B KIIMHMYECKUX NCCIISIOBAHUSIX BAaKITUHBI CITy THHK
V [131,132]. JIpyrue CTaTUCTUYECKH 3HAYMMBIC OTIWYHSA B OOIIEM COCTOSIHUHU 3J0POBBSI,
Macce Tena, TEMIIepaType Tejaa, TeMaTOIOTHIECKUX M OMOXMMUYECKHUX TTOKA3aTeIsIX KPOBU
KUBOTHBIX B JKCIIEPUMEHTAIBHBIX TPYNIax OT KOHTPOJBHOW TPYMIBbI OTCYTCTBOBAIW Ha
MPOTSHKEHUN BCETO Tiepuoaa HabmogeHus. Takum oOpa3oM, MPUMATHI B IIEJIOM XOPOIIIO
MEPEHOCUIIN KaK BHYTPHUMBIIIIEYHOE, TAK W WHTpPaHa3aIbHOE BBEICHHE BaKIIUHBI CITyTHHUK

V.

3.3.2.2 Pe3yrvmamul oueHku ypoeHa cneuuduueckozo T-K1emouynozo uMMyHHO20

omeema HA UHMPAHA3AIbHOE U 6HYmMPDUMbLUIEUHOE 66edeHue 6AKUUHDbI CnymHuK V

JIst OLIeHKM HAMPSHXKEHHOCTH MOCTBAKIIMHAIBHOTO T-KJIETOYHOTO MMMYHHOTO OTBETA
o0pas31ibl IeTbHOW KPOBH KMBOTHBIX, MOTYYMBIINX BakMHy CnyTHHUK V (JBa KOMIIOHEHTa
C MHTEpPBAIOM 24 CYTOK) BHYTPUMBIIIEUHO (n=4) M WHTpaHa3ajdbHO (n=4), a TaKkxke B
KOHTPOJBHOM rpymmne (n=4) ObUTH MOJy4YeHbl HEMOCPEACTBEHHO Mepe]] BBEICHUEM ITEPBOTO
KOMITOHEHTA BaKIIMHBI, a Takke uepe3 11 cyTok u uepe3 31 cytku (7 cyTok mocie BBEeICHUS
BTOPOIO  KOMIIOHEHTa  BakiuHbl, Pucynok 13). VYpoBenp cnenuduyeckoro
MOCTBaKIIMHAILHOTO T-kneToyHoro UMMYHHOTO OTBETa OLICHUBAJICS B
mumponpoaudepaTUBHOM TECTE TMOCJI€ AHTUTEHHOM CTUMYIJAIMA MOHOHYKJIEapOB
nepudepuueckoii kposu (MIIK).

Crumymsimuio MITK mpoBogunu  S-6enkom SARS-CoV-2 (S1+S2 skromomen). B
KaueCTBE MOJIOKUTEIBHOTO U OTPHUIATEIbHOTO KOHTPOJIsS B TUM(pOnpoaudepaTUBHOM TECTE
MCIOJIb30BAIM KOHKaHABAIMH A U TOJHYIO CPEJly, UCIIONIb30BABIIYIOCS NP KyJIbTUBALIUU
KJIETOK, COOTBETCTBCHHO. YpOBeHb crerupuueckoir mpomupeparuun CD3'CD4" wu

CD3"CD8" T-1uM(pouuTOB BBIpaXaad KaK J0J0 KJIETOK, KOTOPBIE JEIUINCH OJUH pa3 u



107

0oJiee B OTBET HA AHTUTECHHYIO CTUMYJIALNIO. AHAIN3 YPOBHS [IUTOKHMHOB, CEKPETHPYEMBIX
MMMYHHBIMH KJIETKaMH, MTPOBOJIMIN B 00pasiax OECKIECTOYHOM cpelbl, COOpaHHOMN MOCIe
WHKyOaluu KJIETOK C aHTUreHoM. Pe3ynbraThl oOIleHKH YpOBHS crernududeckoro T-
KJIETOYHOTO HMMMYHHOIO OTBE€Ta HA HWHTPAHA3AIBHOE W BHYTPUMBIIICYHOE BBEICHUE

BakuuHbI CiyTHUK V npencraBiieHsl Ha Pucynke 14.
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Pucynox 14 — VYpoBensb aHtures-crnenupuueckoir mnpomudepannn CD3'CD4" wu

CD3"CD8" T-kieTok, a Taxxe ypoBeHs npoaykiu MPH-y, DHO-a, NJI-4 u NJI-23 mocie
anturenHon pectuMyssiud MITK  OOBIKHOBEHHBIX WMIPYHOK, MOJYYMBIIMX BaKIIMHY
CnyTtHuk V (1Ba KOMIIOHEHTa ¢ HHTEpBaIoM 24 cyTok) BHyTpuMmbIiieyHo (B/M, n=3) unu
naTpanazanpHo (M/H, n=4), a Taxxke B koHTpodbHOU Tpymme ([lmamedo, n=4). YpoBeHb
aHTUreH-crennduaeckoit nponmdpeparmu (A) CD3*CD4" u (b) CD3"CD8" T-mumdonutos
y ’KHMBOTHBIX B 9KCIIEPUMEHTAJIBHBIX Ipymmnax nocie ctumysanun S-6eaxkom SARS-CoV-2.
VYposens npoaykiuu (B) uarepdepona ramma (MDH-y), (I') pakTopa Hekpoza omyxosnei
anbpa (OPHO-a), (1) unrepneiikuna 4 (MJ1-4) u (E) unrepneitkuna 23 (MJI-23) MIIK
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KUBOTHBIX B DKCIMEPUMEHTAIBHBIX Tpynnax mocie crumymsiuu S-6enkom SARS-CoV-2.
OKpy>KHOCTSIMU MOKa3aHbl 3HAYEHUS TSI KAKJOTO OTIEIBHOTO KUBOTHOTO, CTONOAaMHU —
CpelHUE 3HAYEHUS NJsl KaXJAOW TPYyMIMbl, BEPTUKAIbHBIMU JIMHUSIMU — CTaHJApTHbHIE
OTKJIOHEHHUS. Onenky CTaTHUCTHYECKOU 3HAYUMOCTH pasmuuHii MEXKITY
HKCIIEPUMEHTAIBHBIMU TPYIIAMH MPOBOAWIN C MOMOINbIO TecTa ManHa-YutHu (# —
p < 0,05). MuHIMalIbHOE 3HAYEHUE HA OCU Y COOTBETCTBYET MpEAEITy JAETEKIUU METOa

OnHo xuBOTHOE, moiyumBIee BakiuHy CnyTtaHuk V BHyTpumbimedHo (0701, camka),
OBLJIO MCKITIOUEHO M3 aHAJIM3a HAMpPSHKEHHOCTH MOCTBAKIIMHAIBHOTO T-KJI€TOYHOro OTBETa
Mo TpUYUHE (OPMUPOBAHUS CTYCTKOB B TOJYYEHHBIX OOpaslax LEIbHOM KpPOBU U,
COOTBETCTBEHHO, Hm3Koro Bbixoga MIIK, HemoctatouHoro st  NpPOBEACHUS
mumbonponudepaTuBHOro TecTa. lloBbIlIEHHAs CBEPTHIBAEMOCTh 00pa3lloB KpPOBH,
nonydaembix oT OW, sBHseTCs MIMPOKO pPacIpOCTPAHEHHBIM SIBICHHEM U OIHUCaHa
UCCIEN0BAaTENsIMHA, NPOBOJMBIIMMHU LHUTOMETpHYEeCKMi aHanu3 kposu OW [133].
BuyTpumbiliedHOe W HWHTpaHa3albHOE BBeJAeHUE BakiuHbI CHyTHUK V  BBI3BIBAJIO
nponndeparuio antTured-crenuduaeckunx CD4™ (0,65% u 1,08%, coorBercTBeHH0) 1 CD8™
(0,68% u 1,29%, coorBeTcTBeHHO) T-KIeTOK B nepudepuueckoii kposu OU k 31-m cyTkam
MoCJie BBEACHHS TMEPBOrO KOMIIOHEHTA BaKIUHBI (7 CYTOK IIOCJIE€ BBEACHHS BTOPOTO
KOMIIOHEHTa, PucyHok 14A).

[Tocne mHTpaHa3aNbHOTO BBEACHUS BAKIMHBI B IUPKYJIUPYIOMIEH KPOBU >KUBOTHBIX
HAOJNIOANIOCh TOSIBJICHHE OONbIIeH JONMM aHTUreH-cnenupuyeckux T-KIeToK 1o
CPaBHEHHUIO C BHYTPHUMBIIICYHBIM BBEJCHUEM, OJHAKO HAONIOAaeMble pa3iuyusi HE ObLIU
CTaTUCTHYECKH 3HaUUMbl. OyHKIMOHATbHAS aKTUBHOCTh AHTUTECH-CIIEIIM(PUIECKUX KIETOK
XapaKTepu30BaJlaCh HAa OCHOBAaHWUU aHAJIM3a YPOBHS CEKPEIUH psjia LUTOKUHOB. Y
KUBOTHBIX, MOJTYUYUBIIUX BaKIMHY MHTPAaHA3AJIbHO, HAOMIOIAJICS CTATUCTUYECKH 3HAYMMO
0osee BbhICOKUH ypoBeHb crienupuueckort npoaykuuu Thl (MOH-y, ®HO-a), Th2 (NJI-4)
u Thl17 (MJI-23) uurokuHOB mocie aHtureHHoW ctumyssinuu MIIK B cpaBHeHun c
KOHTpOJbHOI rpynmoit (Pucynok 14b).

KoHueHnTpanum [HUTOKMHOB, BaXKHBIX JUISI  XapaKTEPUCTHUKU  CHEHU(UUECKOTO
MOCTBAaKIMHANBHOTO T- W B-omocpenoBaHHOTO HMMYHUTETa, HO HE3HAYUTEIHHO
MOBBIMIABIINXCS MOCe aHTUTeHHON cTuMyJsiuu MITK KUBOTHBIX B 9KCTIEpUMEHTAIbHBIX

rpymnmax, npeAcTaBieHbl Ha PucyHnke 15.
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Pucynox 15 — YpoBeHb NpOAyKIIMU ITUTOKUHOB MOCTE pecTUMysiuu S-6enkom SARS-
CoV-2 MIIK OU, nonyuuBmux BakuuHy CryTHUK V (Ba KOMIIOHEHTa C UHTEpBAJIOM 24
CYTOK) BHYTPUMBIIIEYHO ((PpUOJIETOBBIE OKPYKHOCTHU, N=3) WM UHTPAHA3AIHHO (3EJICHBIE
OKPYXHOCTH, n=4), a TAK)K€ B KOHTPOJBHOU Ipymie (cepbie OKpyKHOCTH, n=4). B 3aronoske
KaXXJI0M MaHeNu yKa3aHbl [IUTOKUHBI, YPOBEHb KOTOPBHIX U3MEPSIIU B KyJIbTYpaJIbHOU Cpelie.
OKpy>KHOCTSIMU MOKa3aHbl 3HAYEHUS TSI KAKJIOTO OTIEIBHOTO KUBOTHOTO, CTONOIaMHU —
CpelHUE 3HAYEHUS NJs KaXJAOW TPYNIMbl, BEPTUKAIbHBIMU JIMHUSIMU — CTaHJApTHHIE
OTKJIOHEHHUS. Ouenky CTaTHUCTHYECKOU 3HAYUMOCTH paznu4mii MEXKIY
AKCIIEPUMEHTAIBHBIMU TPYIIIIAMUA MTPOBOJIMIHN C MOMOIIBIO TecTa MaHHa-YUTHU (TaKOBbIE
OTCYTCTBOBaJM). MHUHMMAalIbHOE 3HaUY€HHE HA OCU Y COOTBETCTBYET Mpeaeny ACTEKIUU
MeToJa
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Takum o0Opa3oM, Kak BHYTPUMBIIICYHBIN, TaK W HHTPAHA3AIbHBIA MyTh BBEICHUS
BakiuHbl CoyTHUK V TOpUBOAUIN K (DOPMHUPOBAHMIO BBIPAKEHHOTO CHEIU(PUUECKOTO
MOCTBAKIIMHAIBHOTO T-KiIeTouHOro MMMyHHOTO oTBeTa y OU ¢ BoBneuennem CD3"CD4" u
CD3"CD8" k1eToK, OJHAKO CTATUCTHYECKH 3HAYMMOE B CPAaBHCHHH C KOHTPOJBHOM
rpynmnoit crenuduueckoe nosbiiieHue ypoBHs npoaykuud Thl, Th2 u Thl7 uuroxkunos
nocyie antureHnoi crumyssiun MITK HaGmromanock TONBKO y KUBOTHBIX, MOTYYHBIIMX

BAKIIMHY MHTPAHA3AJIbHO.

3.3.2.3 Pe3ynomamul uzyueHus OUHAMUKU POPMUPOBAHUA CREUUPUUECKO20 TOKATbHO20
MYKO3a1bHO020 U UEHMPATbHOZ0 2YMOPAIbHO20 UMMYHHO20 OMEema Ha UHMPAHA3AIbHOE

U GHympumbsluieiHoe 66edeHue 6AKUUHDbI CnymHuK V 06vikHOGEHHBIM UZDYHKAM

BBuay 3HAUMUTENBHBIX Pa3MYUi B aHATOMUU BEPXHHX JIBIXATEJIbHBIX IMyTEH, a TAKKE
3 PEKTUBHOCTH TPE3CHTAIIUN AHTUTEHOB CO CIM3HMCTBHIX O00OJOYEK HOCOBOW TOJIOCTH
MeXAy JoAbMH U TpbidyHamu [134,135], maGopartopHble HpPUMATHI MPEACTABISAIOTCA
HamOoJee aIeKBaTHOM 1a00paTOPHOM MOJIETBIO JJI CPABHEHUS! YPOBHS HYMMYHHOTO OTBETA,
WHIyUMPYEMOro IPpU BHYTPUMBIIIEYHOM U HHTPAaHA3aJIbHOM BBEJCHUHU BAKIMH.

B XxoAe cpaBHUTEIBHOIO aHajiu3a MOKa3aTeliel HANpPsHKEHHOCTH MOCTBAKIMHAIBHOTO
JIOKAJIBHOTO MYKO3aJbHOTO T'yMOPajibHOTO MMMYHHOTO OTBETa OBLJIO yCTAaHOBIEHO, YTO
TOJIKO MHTpPAHA3aJIbHBIA MyTh BBEJACHUS BakiMHbI CIyTHUK V TPHUBOIWI K BBIPaOOTKE
neTexktupyemoro ypoBHs aHTH-RBD IgA Ha cnu3ucteix o6onoukax monoctu Hoca OU. CI'T
anTu-RBD IgA B rpynmne >KMBOTHBIX, MOJTYYMBIIMX BaKUWHY CHOyTHUK V HHTPaHA3aJbHO,
JOCTUT MaKCUMyMa Ha 58-i JIeHb moclie BBeACHHS MepBoro kommnoHneHnTa Bakuuuel (CI'T =
35) u 3aTeM OIMyCTHIICS HUXKE Mpeenia AeTeKuu Metoaa k 462-my nnio (Pucynok 16A), aro
MOJATBEPAWIIO TMPEIANOJOKEHHE O TOM, 4YTO JIOKalnbHbIM [gA-0TBEeT, BBI3BaHHBIN
BAKLMHALIMEH, UMEET OIPAaHMYCHHYIO NPOJNOJLKUTENBHOCTH [136]. Kak u ypoBeHnp IgA B
Ma3Kax M3 HOCOBOW MOJIOCTH, ypoBeHb aHTU-RBD IgA B cwiBopoTke kpoBu OU mocie
WHTPaHAa3aJIbHOT O BBEJICHUS BaKIIMHBI KPATKOBPEMEHHO MOBBICHIICS, JOCTUTHYB MaKCUMyMa
Ha 116-i1 nenp mocie BBeaeHus nepBoro kommnoHenTa Bakuuasl (CI'T = 141), mocie gero
764-My [HIO CHHU3WICS [0 3HAYEHUW, CTAaTUCTUYECKH HEOTIMYUMBIX OT 3HA4YCHUH,

HaOmromaBmmxcs 10 BakiuHanuu (Pucynok 16b). MHTpana3anpHOE BBEJCHNE BAKIIUHBI HE
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MpHUBENI0 K (POPMHUPOBAHUIO CTATUCTUUECKU 3HAYMMOTO MOBbIIIeHHs ypoBHs aHTu-RBD IgG
B cMbIBax ¢ mojoctu Hoca OU (Pucynok 16B).

BuyTtpumsbiiednoe BBeneHue BakimuHbl CrnyTHUK V HE MpuUBEIO K BbIpabOTKe
neTeKTupyeMbix ypoBHel aHTH-RBD IgA B Maskax u3 monoctu Hoca (Pucynok 16A),
onHako TUTpbl aHTH-RBD IgA B chiBopoTke kpoBH kuBOTHBIX (Pucynok 16B), a Takxke
tutpsl cnenupuuecknx IgG B Maskax u3 momoctu Hoca (Pucynox 16B) moctostHHO
MOBBITIATKNCH C TCYSHUEM BPEMEHHU M JOoCTUTIIM TTUKOB Ha 764-i (CI'T 566) u 462-i1 (CI'T
119) nenb, cooTBeTCTBEHHO. UTOOBI y4E€CTh BO3MOXKHYIO BapHaOCIHHOCTH B TPOIEAYPE
3abopa 00pa31oB, TakKe orleHuBaIN o0muid ypoBeHb IgG B Ma3kax uz HocaHa 7, 116 u 764-
W THM TOCJIE BBEJCHMS MEPBOr0 KOMIIOHEHTAa BakUMHBI. HopManmu3anus HeTeKTHpPyEeMOTro
ypoBHs aHTH-RBD IgG na oOmyto koHuentpamuio IgG B mMONMydeHHBIX Ma3Kax,
BBIPKEHHYIO B MKI/MJI, TOJATBEPIUIIA PE3YIbTAThl, OMIMCAHHBIEC BHIIIIE.

OueHKy HanpsyKeHHOCTH CUCTEMHOTO T'yMOPAJIBHOTO MOCTBAKIMHAIIBHOTO UMMYHHOTO
OTBETA Ha MEPBOM 3Tare NPOBOJIWIM ITyTeM n3mepeHus Turpa antu-RBD IgG B ceiBopoTKE
kpoBu OU, T.x. paHee OblIa MOKa3aHa UX KOPPETSALUSA C YPOBHEM UMMYHHOMW 3aIllUTHI OT
COVID-19 y mogeit [100]. JonrocpouHslii CpaBHUTEIBHBIN aHAIN3 CHEHUPUIECKOTO
CUCTEMHOI0 T'yMOPaJbHOI0O MMMYHHOI'O OTBETAa Ha BHYTPHMBIIIEYHOE M WHTPAHA3AJIbHOE
BBegeHne OM Bakiuubl CnoyTHUK V' MOKazal psii 3HAYUTENbHBIX PATUUYUI MEXIY
uccaenyembeimu rpymnmnamu (Pucynox 17).

Bo-nepBrix, Tutpsl antu-RBD IgG Obutn B 11€710M BBIIIIE€ BO BCEX TOUKaX HAOIIOICHUS B
rpynne OW, nonyuuBminx BakuuHy BHyTpumbiiniedHo (Pucynok 17A). Ilpu stoMm
CTAaTUCTHYECKH 3HAYMMbIC Pa3INuus MEXKIy IpynnaMu Habmonanucek ¢ 116-ro qHs mocne
BBeAeHUs niepBoro kommnoreHTa BakiuHbl (CI'T 30444 npotus 673) u coxpaHsSauch 10 764-
ro mus (CI'T 25600 npotus 336).

Bo-Bropeix, muk antu-RBD IgG naGmiogancs na 58-it gens (CI'T 2263) mocie
WHTPAHA3aJIbHOTO BBEJICHHS BaKLIMHBI, TOTJA KAK BHYTPUMBIIIEYHOE BBEACHUE MPHUBOIHUIO
K OTCPOYEHHOMY M MPOJOHTUPOBAHHOMY Makcumymy ypoBHs cnerudpuyeckux IgG (CI'T
30444 xak na 116-#, Tak u Ha 462-i1 ACHB).

B-tpetpux, B HanOosiee mo3AHEW Touke HaOmoAeHHs (AeHb 764 MOcie BBEICHUS
MEepPBOr0 KOMIIOHEHTa BakUMHBI) B rpynmne OW, moiayyuBIIUX BaKIUHY WHTPAHA3AIbHO,

HaOmoanocy 3HauutenbHoe cHuxkeHue ypoBHs antuten (CI'T 336, pasmuums ¢
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KOHTPOJBHOM IPYMION CTATUCTHYECKH HE3HAYMMBI), TOrAa Kak B rpynmne OU, nomyunBmiei
BaKI[MHY BHYTPUMBIIIEUHO, HA0II01aJI0Ch JINIIb HE3HAYUTEIbHOE CHUKEHUE YPOBHS aHTH-

RBD IgG (CT'T 30 444 u 25600 na 462-i1 u 764-it 1eHb, COOTBETCTBEHHO).
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ﬂHM nocne seBeeHnsa NepBoro KOMMNOHeHTa BakUMHbI
Pucynox 16 — Jloarocpounsiii crnenuduyueckuii JOKAJIbHBIA T'yMOpadbHbI UMMYHHBIN

orseT y OU, nonyunBmux BakuuHy CryTHUK V (J1Ba KOMIIOHEHTa C MHTEPBAJIOM 24 CYTOK)
BHyTpuMbIIeyHO (B/M, n=4) unu unrtpanaszansno (U/H, n=4), a Takxke B KOHTPOJIbHOU
rpynne ([Inane6o, n=4). Yposens IgA, cnemudpuunsix k RBD S-6enxka SARS-CoV-2,
OLICHMBAJIM B Ma3Kax U3 MOJIOCTH Hoca (A), a Takke B cbiBOpoTKe KpoBH (b). YpoBens anTu-
RBD IgG Takxe m3Mmepsaun B Ma3kax u3 monoctd Hoca (B). OkpyXHOCTSMU TMOKa3aHbI
3HAUEHUA I KaKJOTO OTACIBHOrO KUBOTHOTO. CTONOIAMH U BEPTUKAJIbLHBIMHU JTUHUSMU
nokazanel CI'T nmma kaxmoit rpynmbl U 95% JIM, coorBeTcTBEeHHO. CTAaTHUCTUYECKU
3HAUYMMBIE OTJIMYUS OT TMOKa3aTeNel, MOJYYEHHBIX A0 BBEACHHUS BakiuHBI (neHb 0)
o0o3HauyeHsl 3Be30ukamu (* — p < 0,05, ** — p <0,01; HemapameTpudecKuii mapHbIA TECT
®pugmMana, MHOKECTBEHHbIE CPaBHEHHS MPOBEJCHBI C HMCIOIb30BaHMEM TecTa J[aHHA).
MuHuManbHOE 3HAaYeHHE Ha OCH Y COOTBETCTBYET MPEEITy ACTEKIIMU METO1a
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ABUJIHOCTh AHTHUTEN SIBIICTCS OJHUM M3 BAXKHBIX MAapaMETPOB, YKA3bIBAIOIIUX HA UX
co3peBanne. Panee ObLTO TOKa3aHO, YTO y JIFOJICH CHJIa CBA3BIBAHUS aHTUTEHA C AaHTUTEIIAMHU
YBEJIMYMBACTCS CO BpeMEeHeM Kak mocie uHdpekunu, BbizBanHo SARS-CoV-2, tak u mocie
BaknuHanuu [137-140]. B xome maHHOW pabOTHI OIEHHWBAIHM JOJITOCPOYHBIC M3MECHEHUS
ABUJIHOCTA  TIOCTBAKIIMHAIBHBIX  AHTUTEN,  CHOPMHUPOBAHHBIX B  pe3yJibTaTe

BHYTPHUMBIIIEYHOTO M WHTpaHa3aibHoro BBeneHus OU Bakumubl CnytHuk V (Pucynox

17B).

BHYTpuMBILIEYHOE BBEAEHME WHTpaHasansHoe BeBeaeHue
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Pucynokx 17 — Jlonrocpounsiii cnenupuIecKuii CUCTEMHBIA T'yMOpajIbHbIi UMMYHHBIN

orseT y OU, nonyunBmux BakuuHy CryTHUK V (J1Ba KOMIIOHEHTa C MHTEPBAJIOM 24 CYTOK)
BHyTpuMbIieyHoO (B/M, n=4) unmu unrtpanaszansno (U/H, n=4), a Takxke B KOHTPOJIbHOU
rpynne (Ilnane6o, n=4). Yposens (A) u unaekc aBunnoctu (b) 1gG, cnenuduunsix kK RBD
S-6enka SARS-CoV-2 B ceiBopoTke KpoBu OU; ypoBeHb BUPYCHEUTPAIU3YIOMINX aHTUTEN
(BHA) x SARS-CoV-2 (BapuanT B.1.1.1.) (B) B ceiBopoTke kpoBu OU (B) u oTHOImIEHUE
ypoBast BHA k yposuio antu-RBD IgG (I'). OkpyXHOCTSMHU TOKa3aHbl 3HAYEHUS IS
KaXJIOT0 OTAeIbHOTO )uBOTHOTO. CTonmbmamu moka3anbel CI'T (A,B) nu6o cpemnnee (b).
BeprukansabivMu tuaUSIMEU TIoKazaHsl 95% U (A,B), mubo ctangaptHoe oTkionenue (b,I).
CTaTuCTUYECKH 3HAYUMBIE OTJIMYUA OT MOKa3aTesel, OMyYeHHBIX IO BBEACHHS BaKIIMHbI
(mewn 0), ob6o3HaueHbI 3Be3M0ukamu (* — p < 0,05, ** — p < 0,01, *** — p < 0,001;
HenapaMeTpuuecKnuii mapHeli TecT dpuamaHa, MHOKECTBEHHBIE INONAPHBIE CPABHECHUS
MpPOBEICHbl C wucnoib3oBaHueM Tecta Jlanna). Touku HaOMOIEHHUS, B KOTOPBIX
HAOJIOMANIMCh CTATUCTUYECKU JOCTOBEPHBIC pPA3IUuMsl MEXJIy TPYNIaMH >XUBOTHBIX,
MOJIYYMBIINX BaKIIMHY BHYTPUMBIIIEYHOTO U MHTpaHa3adbHO, 0003HAYEHBI perieTkamu (#
—p <0,05, ns — cTaTUCTUYECKN HE3HAUUMBbIE PA3TU4Hsl; ABYX(PaKTOPHBIN JUCTIEPCUOHHBIH
aHaJu3 C afnoCTePUOPHBIM TeCcTOM ThIoKM). MwuHMMaTbHOE 3HAaYeHWEe Ha Och Y
COOTBETCTBYET Mpeeiy AETEKIIMU METO1a
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HNA antu-RBD IgG B ChIBOPOTKAaX KpOBH B Ipymnie NPpUMaTOB, MOJYYUBIINX BAKLIUHY
BHYTPHUMBIIIEYHO, TMOBBIIIAJICA B TEUEHUE BCETO MEPUOaa HAOIIOACHUS U IOCTUT CPETHErO
3nauenusa 0,90 k 764-My QHIO MOCie BBEACHUS MEPBOTO KOMIIOHEHTa BakiuHbI (PucyHok
17b). IlpumeuaTensHO, 9YTO B HambOoOJee MO3AHEH TOYKE HAOIIOMCHUS MPU HCCIICIOBAHUU
00pa310B CHIBOPOTKH KPOBU JIBYX U3 YETHIPEX >KMBOTHBIX YPOBHU ONTUYECKOM MIOTHOCTHU
B JIyHKaX ¢ MHTaKTHBIMU 00pa3iiamu u o0pas3iamu, o0padotanHbIMU 8M MOYEBUHOM, ObLIN
onuHakoBeiMu (MA = 1), 4TO CBUAETENBCTBOBAIIO O KpaiiHE BbICOKOW adduHHOCTH
cnenu(pUYECKUX MOCTBAKIIMHAIBHBIX aHTUTEN. MIHTpaHa3aibHOE BBEICHUE BAaKIIMHBI TAKKE
MpUBEJIO K NOBBIICHUIO A co BpemeHeM, oiHako Ha 462-ii neHb cpennuii MA B naHHOU
rpynme ObUT HUXKE, YeM B TPYIITE )KUBOTHBIX, MOJYYUBIINX BaKIIMHY BHyTpuMbIedHo (A
0,76 mpotus 0,81, COOTBETCTBEHHO), a 3aTeM cHuU3MICS 10 0,61 k 764-my nHIO.

Bupycueittpanusyromue anturena (BHA) urpatot BaxkHyio posib B MIMMYHHOH 3alllUTe
npotuB SARS-CoV-2, npu 3ToM ypoBeHr BHA B KpoBU KOppEIUPYET ¢ YPOBHEM 3aILMTHI
ot COVID-19 [141]. Ha nepBoM »3Tane JaHHO# pabOThI ObliIa MPOBEICHA OLICHKA TUHAMUKHU
n3menenus: yposHss BHA k SARS-CoV-2 Bapuanta B.1.1.1 (D614G), poacTtBeHHOro
mrammy Wuhan-Hu-1, wucnonb3oBanHoMy mnpu pa3pabotke BakuuHbl CoyTHHK V.
WNuTpana3aibHOE BBEICHNUE BAKIIMHBI IPUBEIIO K BEIPAOOTKE OTHOCUTEIBHO HU3KOTO YPOBHS
BHA y OUN (Pucynok 17B) — crarucTuyecKkd 3HAYMMOE NOBbIMIEHHWE ypoBHA BHA
Ha0II01aNI0Ch TONBKO Ha 116-i m Ha 462-if AeHb MOCIe BBEACHUS MEPBOTO KOMIIOHEHTA
BakiuHbl (CI'T 28 B 006oux ciyuasx). BHyTpuMbllieuHoe BBeJI€HHE BaKIIMHBI MIPUBEIO K
BbIpaOOTKE 3HAUMTENBHO Oosiee BbICOKHMX ypoBHe BHA — cratucTHuecku 3HaUMMBbIC
OTJINYMA KaK OT KOHTPOJBHOM TIpPYMIbl, TaK M OT TPYNNbl, MOJYyYUBIIEH BaKUUHY
MHTpaHa3aidbHO, Habmoaanucy HaunHas ¢ 116-ro nusa (CI'T 1522), mpu sTom ypoBerr BHA
MPOIOJKAT HapacTaTh Ha MPOTSHKEHUH BCETo mepuoja Haomoaenus 1o 764-ro qus (CI'T
6089).

Jst 6onee moapoOHOTO ONMKUCAHUS PA3NUUNN TUHAMUKY U3MEHEHHs ypoBHeW aHTH-RBD
IgG u BHA, nabmomaBmasics y OW, mnomyyuBmuMX BakIUHY WHTpaHa3ajdbHO U
BHYTPUMBILIEYHO, OBbUI TMPOBEJACH pacyeT WHACKCA HEeUTpaIu3ymollell aKTUBHOCTU
ceiBopoTKH (cooTtHomienne BHA/antu-RBD 1g(G), koTopeiii cuuTaeTcs OJHUM U3
MapaMeTpoB, U3MEHSIOMIMXCS MPH CO3PEBAaHMU T'yMOPAJbHOIO OTBETA M BIMSIOIIUX Ha

s pexruBHOCTS MMMYHHOM 3ammThl 0T COVID-19 [142,143]. B 06eux rpymmax >KHBOTHBIX,
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MOJIYYMBIINX BaKIMHY, HaOm0gan0ch noBeinenne cooTHomeHnuss BHA/IgG ¢ teuenunem
Bpemenu (Pucynox 17I'). B rpymme OW, nonyuuBHIMX BakIHMHY BHYTPHUMBIIIEYHO,
HaO0JII01ANIOCh TOCTOSAHHOE ToBbIIeHne cooTHomeHuss BHA/IgG Bmiote no mokasarens
0,25 B Hambosee oTaaneHHON Touke Habmoaenus (764-it aens). UHnekc HeTpanusyromein
AKTUBHOCTU CBIBOPOTKM B Tpymme OV, moaydyuBHIMX BakLMHY HHTPAHA3aJbHO, JOCTUT
MakcuMyMa Ha 462-ii aeHb (cpemnee 3Hadenme B rpymme — 0,07) ¢ mociaemyronum
camkennem 10 0,06 Ha 764-i1 1eHb, YTO BCE €II€ CTATUCTHYECKH 3HAYMMO OTJIMYAJIOCh (P <
0,01) oT ypoBHS JTaHHOTO TTOKa3aTels B paHHel Touke HaOmoaeHus (11-i nensp).

Hanee B rpynmax OMW, nonyunBmmx BakiuHy CHyTHUK V BHYTPUMBIIIEYHO U
WHTpaHa3aJdbHO, OBLI TMPOBEACH KOPPENALMOHHBIM aHamu3 MEeXAy hapaMeTpaMu
TYMOPAJIbHOTO UMMYHHTETA: ypoBHAMH crieninpuueckux IgG u BHA, nunaexkcom aBugHOCTH
cnemupuyeckux antu-RBD IgG u uHmekcoMm HeHTpanmu3yromeid akTUBHOCTH CHIBOPOTKHU.
AHanu3 mpoBeIu C UCIMOJIb30BaHUEM 00pa3lloB CHIBOPOTKH KPOBH, MOJYyUYEHHBIX Ha S58-ii,
116-ii, 462-i1 u 764-ii THU TIOCJIE BBEAECHUS IEPBOrO KOMIIOHEHTA BAKI[MHBI.

Y OHN B rpynnax, NOJYYMBIIMX BAKIMHY BHYTPHUMBILIEYHO W HWHTPAHA3AJIbHO,
(GbopMHPOBATKUCH Pa3UYHbIC MATTEPHBI KOPPENAIMHA B Mapax HCCIEIyeMbIX MapaMeTpOB:
tutpa auTu-RBD IgG u tutpa BHA (Pucynox 18A); turtpa BHA u unnekca aBugHoOCTH
antu-RBD 1gG (Pucynok 18B); mHaekca HelTpanmusyromeid akKTUBHOCTU CHIBOPOTKU U
unaekca aBuaHoctu anTu-RBD 1gG (Pucynok 18B); a Takxke TuTpa U MHAEKCAa aBUAHOCTU
autu-RBD IgG (Pucynok 181'). B rpynne OU, mony4uBImIMX BakUWHY BHYTPUMBIIIECYHO,
HAOJIOIANINCh CTATUCTUYECKU 3HAUYMMBIE TMOKA3aTeNd KOPPENSALHUU BO BCEX YKa3aHHBIX
napax HapaMmeTpoB, YTO COTJACyeTcs C OMyOJWKOBAHHBIMU JIAHHBIMU, MOJTYYEHHBIMH C
WCIIOJb30BaHUEM CBIBOPOTKM KpoBu mrojeid [144—146]. Hanporus, B rpynne OU,
MOJIYYMBIINX BaKIMHY MHTPAHA3aJIbHO, KOPPEJSIUsS He Habmoasach HU B OJHOM mape
napaMeTpoB. BaXHO OTMETHTh, 4YTO 3HAYEHUs BCEX KOPPEIHUPYIOIUX IapaMeTpOB
MOBBIIAIKNCH MOMAPHO C TEUEHUEM BPEMEHH TOJIBKO B TPYNIE >KMBOTHBIX, MOJIYYUBIIAX
BAKLWHY BHYTPUMBIIIEYHO. [[0oydeHHbIE PE3yabTaThl IOJUEPKUBAIOT PA3IUYMS B IPOLECCE
CO3pEeBaHUs MMMYHHOTO OTBETa, (OPMUPYEMOrO B pE3yJNbTaT€ BHYTPUMBIIICYHOU U

WHTPAHA3AIbHOW BAKIIMHALIUU.
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[Hu nocne BBeaeHUsA NepBoro
KOMMOHEHTa BaKLUUHbI

Pucynox 18 — Xapaktepuctuka co3peBaHus CIEUPUIECKOTO CUCTEMHOTO TYMOPAJIbHOTO
MMMYHHOTO OTBETa Y OOBIKHOBEHHBIX HTPYHOK, MOJYy4HMBIIMX BakuuHy CrnyTHUK V (1Ba
KOMIIOHEHTa C MHTEpBajoM 24 cyTok) BHyTpuMbiieuHo (B/M, n=4) unn uHTpaHazanbHO
(U/H, n=4), a Taxxe B KoHTpoabHOI rpymie (Ilnanedo, n=4). Ananu3 xkoppeisiun B mapax
napamMeTpoB TYMOPAJIbHOTO HWMMYHUTETA, MPOBEJACHHBIM C HCIOJb30BaHUEM O00Opa3lioB
CBIBOPOTKH KpOBHU, MOJNYy4YeHHbIX Ha 58-i, 116-i, 462-ii u 764-i1 THU MOCIi€ BBEICHUS
MEPBOT0 KOMIIOHEHTA BaKIMHBI, TPOBOJUICS CyMMapHO JJ1sl 00euX rpynin (JIEBBIN CTOIOCIT),
OTJIEJBHO VISl TPYTIIBI )KUBOTHBIX, OMYUYHUBIIUX BAKIIMHY BHYTPUMBIIIECYHO (IIEHTPAIbHBIN
CTONOEI) W OTAENBbHO JUIsl TPYMIbl XUBOTHBIX, MOJYYMBIIMX BaKIMHY HHTPAHA3AIbHO
(mpaBbiit cronben). 'paduku koppensiuuu mexay Tutpamu antu-RBD IgG u tutpamu BHA
npotuB uHpeknuonnoro SARS-CoV-2 (Bapuant B.1.1.1.) (A). I'paduku koppensuuu
MEXAYy TUTpaMH BUpycHenTpanusyoomux antuten (BHA) u unaexcamMu aBUHOCTH aHTH-
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RBD IgG (b). I'paduku koppensauuu MexAy HHACKCOM HEUTpaU3YIOIIeH aKTUBHOCTU
ceiBopoTku (TuTp BHA / Tutp antu-RBD IgG) un unnekcom aBunnoctu antu-RBD IgG (B).
I'padukn xoppensmuu mexay Tutpamu antu-RBD IgG u nanekcom aBumgnoctu anTu-RBD
IgG (I'). VHTeHCHMBHOCTH IIBETa COOTBETCTBYET pAa3jIMYHBIM CPOKaM TOCIE BBEICHUS
BaKIMHBI (YKa3aHO B JiereHie). [loka3zaHbl TUHUS PETPECCUU, HellapaMeTPUUeCKUe 3HAUYCHUS
r u p CnupmeHa (3HaUUMble YPOBHU KOPPEJSIIIUU BBIACICHBI >KHPHBIM MIPUPTOM).
MuHHManbHOE 3HAaU€HUE Ha OCH Y COOTBETCTBYET MpPEAeIy NETEKIUHU 11 KOJTUYECTBEHHBIX
IoKasarenen

Jlanee Obuta mpoBemeHa oOIeHKA crocoOHOCTH BakmuHbl CIyTHHK V, BBEICHHOU
BHYTPUMBIIIEYHO W HMHTPAHA3aJIbHO, MHAYLUUPOBATh (OPMHUPOBAHUE KPOCC-PEAKTHBHBIX
BUPYCHEUTPAIU3YIOIIMX aHTUTEN K HOBbIM BapuantaMm SARS-CoV-2. Ha nepBom 3Tane B
CBIBOPOTKaX KPOBH JKMBOTHBIX M3 BCEX OJKCIEPUMEHTANbHBIX TPYMHI METOJIOM
MMMYHO(QEPMEHTHOTO aHaln3a ObUIO TPOBEACHO OIpEACiCHHEe TUTPOB AHTHUTCH-
CBSA3BIBAIOIIMX aHTUTeN K S-Oenky Bapuanta B.1.1.1 (wramm Wuhan-Hu-1),
TOMOJIOTHYHOTO IITaMMYy, HCIIOJNB30BAaHHOMY MpHU pa3paboTke BakimuHbl CmyTHUK V, a
TaK)Ke TeTepoIOrHYHbIX BapuantoB B.1.617.2 (menpta) u B.1.1.529.5 (omukpon BA.S). C
MCIIOJIb30BAaHUEM 00pa3oB CHIBOPOTKH KpoBu OU, momyuenHsix Ha 116-it u 764-i1 nHU
MoCJie BBEJICHUS TMEPBOTO KOMIOHEHTA BAaKIMHBI, OBLJIO yCTaHOBIEHO, 4TO TUTPHI IgG,
cneruuyHbIX K S-0enky mramma Wuhan-Hu-1, y KUBOTHBIX, MOJYYMBIIUX BaKIIMHY
BHYTPHUMBIIIEYHO, ObUTH CTAOMIIbHBI Ha IPOTsKEHUU IuTenbHoro Bpemenu (CI'T 36204 na
116-it u 764-ii nuu). B rpynme >KUBOTHBIX, MOJYUMBIIMX BaKIMHY HHTPaHA3aJIbHO,
HaO0JII0IANIOCh CTATUCTHYECKH HEJAOCTOBEpHOE cHmkeHue ypoBHa antu-S I1gG (CI'T 951
npotuB 566 nHa 116-it u 764-i1 auu, coorBeTcTBeHHO). Ha 116-if AeHBb y >KUBOTHBIX,
MOJIYYHMBIINX BaKIIMHY KaK BHYTPUMBIIIEYHO, TAaK U HUHTPAHA3AIbHO, B CPABHEHUH C TUTPOM
IgG, cnemmduunbix k S-Oenky romojoruyHoro Bapuanta B.1.1.1. (CI'T 36204 u 951,
COOTBETCTBEHHO), TUTP IgG, cnennduunbix k S-0enky rereponoruynoro Bapuanta SARS-
CoV-2 nenbra (B.1.617.2; CI'T 30444 1 672, COOTBETCTBEHHO), CTATUCTUYECKHU TOCTOBEPHO
He oTinyancs, Toraa kak TUTp 1gG k S-6enky rereponoruuynoro Bapuanta SARS-CoV-2
omukpon (B.1.1.529.5; CI'T 15221 u 400, coOTBETCTBEHHO) OB CTAaTUCTUYECKHU
noctoBepHo HmKe (p<0.05) (Pucynok 19A). Ha 764-i1 neHp y >KMBOTHBIX, MOJYYUBIIAX
BaKI[MHYy BHYTpHUMBIIIEYHO, TUTpbl IgG K S-Oenkam romonormyHoro (B.1.1.1) wu

rereposiornunbix (B.1.617.2 u B.1.1.529.5) BapuantoB SARS-CoV-2 cpaBusuck (Bce CI'T
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36204). Cratuctuyeckd 3HaYyuMble paziauuus Mexay turpamu IgG x S-Oemkam Tpex
MCCIIEJOBAHHBIX BAPUAHTOB Y KUBOTHBIX, IOJYYHBIINX BAKIIUHY UHTPaHA3AJIbHO, HA 764-ii

nenb orcytctBoBanu (CI'T 566, 400 u 283 nns Bapuantos B.1.1.1, B.1.617.2 u B.1.1.529.5,

cooTBeTcTBeHHO) (Pucynok 19b).
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Pucynok 19 — JlonrocpouHas OIEHKa KpOCC-BapuaHTHON peakTuBHOCTH IgG,

cnerupuyeckux K S-6enky SARS-CoV-2, u Bupycueritpanusyromux anturen (BHA) y OU,
nonyynBmuX BakuuHy CoyTHuk V (IBa KOMIIOHEHTa € HMHTEpBAIOM 24 CYTOK)
BHyTpuMbIlIeyHO (B/M, n=4) unu unrtpanaszansHo (U/H, n=4), a Takxke B KOHTPOJIbHOU
rpynne (Ilnane6o, n=4). Tutpsl cnenupuuecknux IgG k S-6enxkam SARS-CoV-2 Bapuantos
B.1.1.1 (uramm Wuhan-Hu-1), B.1.617.2 (nenpta) u B.1.1.529.5 (omuxpon BA.5) na 116-
i (A) u 764-i1 (b) nau mocne BBeaeHUSI IEPBOTO KOMIIOHEHTA BaKIIUHBL. [ OpU30HTAIBHBIMU
nuausiMu niokazanbl CI'T u 95% JIM. CraTtuctudeckasi OllEHKA JOCTOBEPHOCTU Pa3IUYUM
Mexay Tutpamu IgG k Bapuantam SARS-CoV-2 npoBoaunnacs ¢ mnomomnesro Tecta Kpackena-
Yonnuca, MHOXECTBEHHBIE TOMAPHBIE CPaBHEHUSI MPOBEJCHBI C HCIIOJIB30BAHUEM TECTa
Janna. Tutpet BHA k SARS-CoV-2 BapuanToB B.1.1.1, B.1.617.2 u B.1.1.529.5 na 764-ii
JICHb Y KUBOTHBIX, MMOJYYUBIINX BAaKIIMHY BHYTPUMBIIIEYHO U UHTpaHa3anbHO (B). Tutpsl
BHA x SARS-CoV-2 BapuantoB B.1.1.1, B.1.617.2 u B.1.1.529.5 y XHUBOTHBIX,
MOJIYYMBIINX BaKIUHY BHYTPUMBIIIEYHO, Ha S58-i, 116-i1, 462-it u 764-ii neup (D).
CTaTUCTUYECKYIO OLIEHKY JTOCTOBEPHOCTH paznnuuii Mexay turpamu BHA Ha 58-i neHsb ¢
MOCIIEAYIONIMMH TOYKaMHU HAONIOACHMS, a TakKe MEXAy TpynmnamMu >KUBOTHBIX,
MOJIYYMBIIMX BAKIMHY BHYTPUMBIIIEYHO U WHTPAHA3AIBHO, MPOBOAWIN C MOMOIIb0 U-
kputepuss Manna — Yutau. CtonOuamu 1 BepTUKaJIbHBIMU JTMHUSAMU noka3aHbl CI'T 1 95%
JI, coorBeTcTBeHHO. OKpYXHOCTAMH TMOKa3aHbl 3HAYEHUS I KaXKJIOTO OTACIBHOIO
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KUBOTHOTO. MUWHHMalIbHOE 3HA4€HUE Ha OCH Y COOTBETCTBYET IMPEAEIY JCTEKIHH.
CTaTUCTUYECKH TOCTOBEPHBIE PA3JIMUMS MEXKAY IPyHIIaMU TOKAa3aHbl PEIIETKAMM.

OreHka Kpocc-BapuaHTHOU peakTuBHOCTH BHA B KoHIIE nepuona Habmoaerus (764-i
JIeHb) TIOKa3ajda, 4YTO IO CPAaBHEHMIO C WHTPAHA3aJIbHBIM BBEJCHUEM BaKIIMHBI
BHYTPHUMBIIICYHAS] BAKLIIMHALIAA [IPUBEJa K BRIPAOOTKE 3HAUUTENBbHO O0siee BRICOKUX (0oiee
yeM B 100 pa3) tutpoB BHA kak nmpotuB romosiorngHoro Bapuanta SARS-CoV-2 B.1.1.1,
TaK ¥ MPOTHUB reTepoJorndHbIxX BapuantoB B.1.617.2 u B.1.1.529.5 (Pucynox 19B). Ha 764-
i IeHb B CBIBOPOTKE KPOBH BCEX KUBOTHBIX, MOJYUUBIINX BAKIIMHY BHYTPUMBILIECYHO, ObLIN
obonapyxxensl BHA (CI'T 34) k reteponoruunomy Bapuanty B.1.1.529.5 (omukpon BA.S),
KOTOPBIN HE MUPKYJIUPOBAT Ha MOMEHT BakiuHanuu OU, Torna kak B rpymnme >KUBOTHBIX,
MOJIYYMBIINX BaKIMHY MHTpaHa3anbHO, BHA k Bapuanty B.1.1.529.5 oTcyTcTBOBAIH.

[TockonbKy TOJIBKO BHYTPUMBIIIEUHAs BaKIIMHAIMS MTpuBena K popmupoBannio BHA ko
BCEeM IpoTecTupoBaHHbIM Bapuantam SARS-CoV-2 B koHile nepuoja HaOMoACHUS, gajee
OblJJa TPOBEJCHA OIIEHKA IWHAMUKH BBIPAOOTKH KPOCC-HEUTPAIM3YIOMIMX AHTHUTEN Y
KUBOTHBIX, MOJYYMBIIMX BaKUWHY BHYTPUMBIIIEYHO, ¢ 58-r0 mo 764-ii JIeHb mocie
BBEJICHUS TIEPBOro KoMmroHeHTa BakuuHbl (Pucynok 19T17). [IpoBeaeHHbIN aHAIN3 MTOKA3all,
YTO C TEYCHHEM BPEMEHHU HEMPEepPhIBHO MOBHIMIANKCH THUTPphl BHA He Tonbko mpoTuB
romosioruuroro mramma B.1.1.1 (¢ CI'T 269 na 58-it nens go CI'T 6089 na 764-ii nenn), HO
U MPOTHUB reTepoiaorudyHbix mrammoB B.1.617.2 (¢ CI'T 95 na 58-it aens qo CI'T 4305 na
764-i1 nenn) u B.1.1.529.5 (c neonpenensiembix ypoBueit Ha 58-it gens 1o CI'T 34 na 764-i

JICHbD )

3.3.3 O0cy:xknenue

beictpoe pacnpoctpanenue SARS-CoV-2 u nocneayroniee MOSBICHUE MHOXKECTBA
KaHauaaTHeix BakiuH npotuB COVID-19, ocHoBaHHBIX Ha pas3HbIX MmiIargopmax u
BBOJMMBIX pa3HbIMU MYTSAMH M B Pa3HbIX J03aX, MOCTABUIU TMEpe] MMMYHOJOTaMu
MHO>XECTBO BOMPOCOB, CPEAM KOTOPHIX OJUH U3 HAUMEHEE M3YyUYECHHBIX — JIUTEIHHOCTD
MOCTBAaKIIMHAILHOTO UMMYHHTETA.

bbu10 mokazaHo, 4TO psii MapaMeTpoB TYMOPAJIbHOTO UMMYHHUTETA, TAKUX KaK TUTPHI
IgG nmpotuB RBD u S-6enka, Tutpet BHA n adpduHHOCTE/aBUAHOCTD aHTUTEN, SIBISIOTCS

cypporatisiMi Mapkepamu 3amutbl or COVID-19 [141,144,145,147—-151]. bonee Toro,
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3HAYEHUSI HEKOTOPBIX M3 3TUX NAapaMeTpOB, TAKHE KaK aBUIHOCTh aHTUTEN, TUTp BHA n
KpOCC-HEUTpanu3yoiiasi akTUBHOCTh aHTUTEN NPOTUB SARS-CoV-2, MOryT NMOBBIIIATHCS C
TEYECHUEM BPEMEHHU IOCJIE€ BaKIMHAIMM WM UHQUIMPOBAHUS B PE3yJIbTaTe€ CO3PEBAHUS
adpunnoctu antuten [152]. B 3TOM KOHTEKCTE OLIEHKA JOJITOCPOYHOW MMMYHOT€HHOCTHU
BakiuH mpotuB COVID-19 «kpaitHe BocTpeOoBaHa Kak nisi pa3paOOTKHM HOBBIX
KaHJAUJATHBIX BaKUMHHBIX MPENApPaTOB, TaK W JJIS IJIAHUPOBAHUS KaMITAHWI BaKLIMHALWU,
HaIlpaBJICHHBIX HA JOJITOCPOYHYIO 3AIIUTY HaceleHus. B To e Bpems, TaKue UCCIe10BaHus
BECbMa PEIKH BBUAY 3HAUUTENBHBIX TPYJ03aTpatr, OONBIION IIUTEIBHOCTH U BBICOKOU
ctoumMocTH. llocTostHHas UHMPKYJANUS HOBbIX BapuaHTOB SARS-CoV-2 B momyisiuu
JIOJIEH, a TAK)KE MPOOJDKAIOIIASCS MACCOBAsI BAKLIMHALIMS M PEBAKLIUHALIUS TONOJIHUTEIBHO
YCIHOXKHSIOT JOJTOCPOYHOE HCCIIEIOBAHUE IMOCTBAKIIMHAIBHOTO MMMYHHOI'O OTBETa B
yejoBeueckou nomynsamnuu [153].

Jlns  angexkBaTHOW OICGHKW CHEeNU(PUISCKOW HWMMYHOTEHHOCTH U 0€30MacHOCTH
MyKO3aJbHBIX BakKIMH TpeOoBajgach JgabopaTopHas >KMBOTHAs MOJEIb C BBICOKUM
TPAHCISILMOHHBIM ~ MOTEHLIHAJIOM, IO3BOJISIIOIIAS  OLEHUTh YPOBEHb  AKTHBALUH
MYKO3aJIbHOTO, TyMOPAJIBHOTO U T-KJIIETOYHOTO OTBETA, & TAKXKE METOJIUKH, IMO3BOJISIIOLINE
MPOBECTH  TaKyl  OLEHKY. J[As  OLEHKM  JOJATOCPOYHOTO  CHEHU(UYECKOro
MMOCTBAKIMHAIIBHOTO HMMMYHHOTO OTBE€Ta € HAJEKHBIM HCKIIOYEHUEM  BIIHSHUSA
HE3apEeTUCTPUPOBAHHBIX ciydaeB wuHbumupoBanuss SARS-CoV-2 Ha wucciemyembie
napameTpsbl, B JaHHOU paboTte ucnosb3oBanu koaounto OU, onucannyto B ['mase 1. Panee B
JaHHOW TJIaBe ObUIM OMHCaHbl (HaKTOPBI, OMPENENSIONe HeBocIpuuMYuBOCTE OU K
3apaxkeHutro  SARS-CoV-2, opHako H3y4y€HHE CO3PEBAHUS  IOCTBAKI[MHAIBHOTO
TYMOPaAJIbHOTO MMMYHHOTO OTBETa B YCJOBHSX MPOAOJDKABIICHCS maHAEeMHUH TpeOoBajo
JOTNOJHUTEIBHOTO MOATBEPKACHUS OTCYTCTBUS BIUSHUSA HE3apPETUCTPUPOBAHHBIX CIy4aeB
MHOUIMPOBAHUSL >KUBOTHBIX OT TEPCOHANa MPHU €KETHEBHOM YXOJ€ M BETEPUHAPHOM
oOcnykuBanuu. B TeueHue Bcero mnepuona HAOMIOIEHUS >KUBOTHBIX COJIEpPKald B
M30JMPOBAHHBIX YCIOBHUSX B BHBapuu, 000pymoBaHHOM i padoTsl ¢ IIBA, mpu 3ToM
MepCOHa BHUBAapHs HCIOJb30BAJI CPEJICTBA WHIAMBHAYaJbHOM 3aIUThI, BKIIOYAS 3AIIUATY
OpraHoB nbixanus. Takke y BCEX XUBOTHBIX B TE€UEHHE BCEro IMepHoja HaOIIOIACHUS
MEePUOINYECKU TTPOBOMIN UCCIe0BaHNE ypoBHA anTuTen kiacca [gG k N-6enky SARS-

CoV-2 B ceiBopoTKe KpoBH. MccimemoBaHne MPOBOIWIN C HCIOJIB30BaHWEM Habopa s
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MMMYHO(QEPMEHTHOTO aHalli3a, 3aperHCTPUPOBAHHOTO ISl KIMHUYECKOTO MPUMEHEHUS
(Bekrop-bect, Poccus), ¢ 3amMeHON aHTUBHIOBBIX JETEKTOPHBIX AaHTHUTEN Ha
MOHOKJIOHAJbHBIE —aHTUTena, pacnozHawmme I[gG  OU  (Sigma-Aldrich, CIIA),
noaoOpanHbie B Xoe padbot, onucanubiX B ['nase 2. Cinyuaes 3apaxenuss O SARS-CoV-2
B XO/JI€ BCETO Mepuo/ia HaOIIOACHHS BBISIBJICHO HE OBLIO.

[Ipy wW3ydyeHHH MNOCTBAaKUMHAIBHOTO HWMMYHHOIO OTBETa C MCIOJIb30BAHHEM
7a00paTOPHBIX  KUBOTHBIX HEOOXOAMMO YYMTHIBATh PEJIEBAHTHOCTb MOJCIH H
TPaHCJISIIIMOHHBIN MOTEHIIMAJ TOJy4aeMbIX TaHHbIX. B x0/1€ paboThl, OnMcaHHOM B JAHHOM
pasnene, ObUIO MOKa3aHO, YyTO BHYyTpuMbImieyHoe BBeAeHue OU Bakumuabl CrnyTHuk V
MPUBEIO K BBIPAOOTKE CHEUU(PHUUECKHMX AaHTUTEN U TMOCIEAYIOUIEMY HEMPEepPhIBHOMY
MOBBIIIEHUIO HMX aBUAHOCTH M KPOCC-HEUTPAIM3YIOLIEH AaKTUBHOCTH B OTHOUIEHUU
rereposorndHblx BapuaHToB SARS-CoV-2 ¢ TedyeHMeM BpeMEHHM, 4YTO COTrJlacyercs ¢
pe3ynbTaTaMu psfa OMyOJIMKOBAaHHBIX JOJTOCPOYHBIX KIMHUYECKUX HCCIIEI0BAaHUN
[137,138,154]. B TO € BpeMsl, y MBbILIEH, KOTOPBIX IIUPOKO UCIOJIB3YIOT I MEPBUYHON
OLICHKU CHEeIU(PUIECKON MMMYHOTE€HHOCTH W MPOTEKTUBHOW AKTUBHOCTU KaHJUJATHBIX
BAKLIMHHBIX IpEenapaToB, JHHAMUKA U3MEHEHUS aBUJHOCTH MOCTBAKIIMHAJIBHBIX aHTHUTEI
3aMETHO OTIMYAeTCs] OT TaKOBOW y MPUMATOB (BKJIIOYas uyejoBeka). B omybmukoBaHHOU
HaMU CTaThe OBLJIO MOKa3aHo, yTo y Mbiel TuTpel IgG k RBD nocne BHyTpUMBITIIEYHOTO
BBeZIcHU BaKIIHBI CITyTHUK V 0CTaBaIuCh CTAOMIBHBIMU B iepuo/1 ¢ 77-ro 1o 134-it neHs,
IpU 3TOM HHAEKC aBUIHOCTH aHTU-RBD IgG nocturan nuka B nepuona ¢ 35-ro o 49-i1 neuHs,
a 3aTeM 3aMeTHO CHWXaics K 91-my nmuro [77]. HabGmromaembie BumocmenupuydecKue
pa3nu4us MOTYT OBITh BBI3BaHbI, IOMUMO MPOYETO, 00JIee KOPOTKOH MPOAOIKUTEIEHOCTHIO
KU3HU MBIIICH, KPaTHOW pa3HULEd B CKOPOCTH OMOXMMHUYECKUX mporeccoB [155] u
3HAYUTENbHOUN pa3HUIel B KoiauuecTBe B-kietok [156].

OaHUM U3 OTIWYUTENbHBIX HAOMIOJACHHM, CIENaHHbBIX B X0/1€ pa0OThI, OMUCHIBAEMOI B
JAHHOM pasJiesie, IBISETCS TOJATOCPOYHOE COXPAHEHUE BBICOKUX ypoBHEN aHTU-RBD IgG B
ceiBOpoTKe kpoBu OU mocie BHYyTPUMBIIIEYHON (HO HE MHTPaHA3aIbHOM) BAKIIMHAIIUH, B TO
BpeMsI KaK y JIIOJel MOCTBaKIMHAIbHBIE 1g(G, Kak NpaBuio, I€MOHCTPUPYIOT TEHACHIIUIO K
CHIDKEHHIO ¢ TeueHueM Bpemend [ 157]. Panee B psiae paboT 6p110 OKA3aHO, YTO, B TO BPEMs
KaK OO0IIMe ypOBHHM aHTUTCHCBS3BIBAIOIIMX AHTHUTEN CHIDKAIOTCS CO BPEMEHEM 3a CUeT

(dbpakiuu ¢ HU3KOH aBUIHOCTHIO, YPOBEHB AaHTUTEN C BEICOKON aBUHOCTBIO 00Jiee CTaOuIIeH
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[142,158,159]. Takum o6Gpa3oM, OTHOCHTEIHHO BBICOKHI HAOFOAABIIUNCS HAMU WHICKC
aBunHocTH aHTU-RBD IgG B chiBopoTkax OU mociie BakIIMHALMH, a TAK)KE €ro JOCTOBEPHAs
koppemsiius ¢ Tutpamu aHTH-RBD 1gG (Pucynok 18I7), MoxkeT 0O0BSICHUTH CTaOMIBLHOCTD
anTu-RBD IgG y )KMBOTHBIX, MOJYYUBIIMX BaKLUHY BHYTPUMBIIIEYHO. MICXOTHO BBICOKHUI
uHIekc aBugHOCTH aHTH-RBD IgG, HabmomaeMpli TOCIe BHYTPUMBIIIIEYHON BaKIIMHAIIAN
OMU, MokeT OBITH CBSI3aH C OTHOCUTEIBLHO BEICOKOM MCII0JIL30BAaHHOM 10301 BakIMHEL. Hamu
OBLIIO TIOKA3aHO, YTO J103a BaKIIMHBI BIMSIET HA AuHAMHUKYy n3MeHeHus A antu-RBD IgG y
Mbiiei. Bonpmas no3a (10° BupycHBIX yacTHI) IpuBoAUIa K BEIpaboTke antu-RBD IgG ¢
0onee BeICOKMM WA 1o cpaBHeHMI0 ¢ MeHbmieidl mo3oit (10% BupycHex wactum) [77).
[TonydeHHbIE JaHHBIE CBUACTEIBCTBYIOT O TOM, YTO MOCTBAaKIMHAIBHOE CO3PEBaHUE
TYMOpaJbHOIO HMMMYHHOIO OTBETa 3aBUCHUT HE TOJBKO OT KOJIMYECTBA 103 BAKLIHHBI
[144,146], HO W OT 03Bl BAaKIMHHOI'O AaHTHUICHA. TeM HE MEHee, HCOOXOIUMBI
JOTIOJIHUTEIIbHBIE JETANIbHBIE UCCIECIOBAHMS IS ONPEIEICHUS MEXaHU3MOB, JIEKAIINX B
OCHOBE  B3aUMOCBSI3M  MEXJAy JO030M AaHTUIEHAa W JWHAMHKOW  CO3PEBAaHMSA
MOCTBAKIMHAIIBHOTO TYMOPAJIbBHOTO UMMYHHOI'O OTBETA.

Hamu BriepBbI€ TPOJAEMOHCTPUPOBAHO, YTO UHTPAHA3AIBHOE BBEJCHUE aICHOBUPYCHOM
BeKTOpHOW BakuMHb MpoTuB COVID-19 Takxke WHAyUUpPYET CO3pEBaHUE aABUIHOCTHU
CBIBOPOTOYHBIX aHTUTEN. Y OW, monyumBmmx BakuuHy CHyTHUK V HHTpaHa3aJbHO, B
1[eJI0OM Ha0JII01aI0Ch MEHEE BBIPAKEHHOE U OTHOCUTEIBHO KPATKOBPEMEHHOE MOBBIIICHUE
HEUTPAJIU3YIOIIE aKTHUBHOCTH ChIBOPOTKM M yBenuuenue WA antu-RBD IgG mno
CPaBHEHHIO C TPYIIION JKUBOTHBIX, BAKIIMHUPOBAHHBIX BHYTPHUMBIIIEYHO. M3-3a HU3KHX
TUTPOB CHIBOPOTOYHBIX BHA, OUEHHWTH NHHAMUKY H3MEHEHHsI KPOCC-HEUTpaIU3YyIOLIEH
AKTUBHOCTH CBIBOPDOTKHM KPOBHU JKHBOTHBIX, IOJYYMBIIMX BAKIMHY HWHTPAHA3aJIbHO, B
otHoweHnH BapruaHToB SARS-CoV-2 oka3zanock HeBO3MOXKHBIM. [Ipy 3TOM y KUBOTHBIX U3
JAHHOM Tpynmbl TUTPbl aHTU-S IgG mpoTHMB BceX TPEX MPOTECTUPOBAHHBIX BAPUAHTOB
SARS-CoV-2 —B.1.1.1 (Wuhan-Hu-1), B.1.617.2 (neapta) 1 B.1.1.529.5 (omukpon BA.5)
— CHM3WIUCh Mexay 116-m m 764-M nHSIMU mociie BBEACHUS NEPBOTO KOMIIOHEHTA
BAaKIMHBI, B OTJIMYUE OT TPYMIMbl >KUBOTHBIX, MOJYUYHUBIIUX BAKIHMHY BHYTPUMBIIIEUHO.
WNuTpana3anpbHOe BBEIEHHWE BAKIMH BBI3BIBAET B IEJIOM 00JIe€ HHU3KHA CHCTEMHBIN
TYMOpaJbHbI HIMMYHHBIN OTBET y JIOJEH 110 CPAaBHEHUIO C BHYTPUMBILIIEYHBIM BBEJACHUEM

[160], 9TO MOXET OBITh CBA3AHO C €CTECTBEHHOW MMMYHHOM TOJIEPAHTHOCTHIO CIIM3UCTON
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000JIOUKH, a TaKXKe C pa3IuuMsIMU B OMOpacCIpeleNieHUH BaKIUHBI MPU HCIIOJIb30BAHUU
pasnuYHBIX MyTed BBeAeHUs. JluMmdouaHas TKaHb, aCCOLMMPOBAHHAS C HOCOTIOTKOM,
MPEACTaBIAECT COOOM TPETUYHBIM JUMQPOUIHBII OpraH W SBISIETCS OCHOBHBIM MECTOM
MpEe3eHTAllMM aHTUTeHa TpU HMHTPAHA3AJIbHOM BaKIMHAIMKM, B TO BpeMs Kak
BHYTPHUMBIIICYHAS BaKIIMHALIMS TPEUMYIIECTBEHHO HAIEJIEHA Ha BTOPUYHBIC TUM(OUTHBIC
Oprasbl, TaKue Kak cene3eHka u aumdarudeckue y3ibl [161,162]. TlockonbKy TpeTHYHbBIE
nuM(GOUIHBIC OPTaHbl HE PaBHBI BTOPUYHBIM 10 CBOUM (YHKIIUSAM, pa3Mepy U CIOKHOCTH,
MOXXHO TPEJIOJIOKUTh, YTO HaAONI0JaeMoe HEeOOJIbIIOE M OrPaHUYEHHOE MO BpPEMEHU
noBsIlIeHre uHaekca aBugHoctu IgG y OU, monyurBIIMX BaKIIMHY HHTPAaHA3aJIbHO, MOKET
OBITH CBA3aHO C ()YHKIIMOHATHHBIMH OTPAHUYCHUSIMU B MPOLIECCAX CO3PEBAHMS AHTUTET B
TepMHUHANBHBIX LIEHTpax B-KIeTOok B TPeTHUYHBIX JUMQPOUIHBIX opranax [163,164]. s
JI0Ka3aTeIbCTBA J3TOM TUIOTE3bl HEOOXOJUMBI HCCIEAOBAHMS MEXAHU3MOB CO3PEBAHUS
MOCTBAKIIMHAIBHOTO TyMOPaJbHOTO HWMMYHHOTO OTBETa, KOTOPBIE MO3BOJIST BBISICHUTH
MPUYUHBl HECTAaOMJIBHOCTH MYKO3aJIbHOTO M CHCTEMHOTO MMMYHHOTO OTBETa MpHU
MHTpaHa3aJIbHOM BaKIMHALIWU.

Panee Almendro-Vazquez m coaBT. ObUIO MOKa3aHO, YTO HamW4due T-KIETOYHOTO
MMMYHHOTO OTBeTa, crienuduunoro k S-6enky SARS-CoV-2, obGecreunBaer 3amury OT
sokenoro TedeHus COVID-19 [101]. barogapst Hamnuuio 0TpabOTaHHBIX METOIUK OIICHKU
cneruduyeckoro T-knerounoro ummynurera y OU, onucannbix B ['maBe 2, Hamu B X0/€
M3JI0)KEHHOW B JJAHHOM IJIaBe pabOThI OBLIO MOKA3aHO, YTO KaK BHYTPUMBIIICYHBIN, TaK U
WHTpaHa3aJdbHbI MyTh BBeAEHUS BakUuHbI CryTHUK V NPUBOAMIA K (POPMUPOBAHUIO
BBIPAKEHHOTO CHENU(UUECKOr0 MOCTBAKIIMHAIBHOTO T-KI€TOYHOTO MMMYHHOTO OTBETA Y
OU ¢ BoBaeuenrem CD3"CD4" u CD3"CD8" k1eToK, 0OJHAKO CTATUCTUYECKU 3HAYMMOE B
CpPaBHEHHUH C KOHTPOJIbHOM TPYyMIOi criennduueckoe noBkilieHne ypoBHs mpoaykuuu Thl,
Th2 u Th17 uuroxknnoB nocne anturenHou crtumynsauuun MITK Habmronamoch TONMBKO y
KUBOTHBIX, MOJTYYUBIIUX BaKIIMHY HUHTPAHA3AIBHO.

[Ipn AOATOCPOYHOM W3YYEHUH MOCTBAKIIMHAIBHOTO HMMMYHHOTO OTBETa BBIOOD
PEIEBaHTHBIX JTa0OPATOPHBIX MOJEICH CTAaHOBUTCA elle Oosee BaKHBIM [165]. YauTeiBas
3HAUUTEIbHBIC PA3IN4Usi B MOPQOJIOTUA U (PU3UOIOTHU BEPXHUX JbIXaTEIbHBIX MyTeU
MEXAYy TPbI3yHAaMU U NpPHUMAaTaMH, BKJIIOYas YETHIPEXKPATHYIO Pa3HUILy B COOTHOILICHUU

mIomaan CIUM3HUCTBIX ITOKPOBOB IIOJIOCTHM HOCA K O6L€My TCIAa, BI/II[OCHGI_[I/I(l)I/I‘IeCKI/IC
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OCOOCHHOCTH MBIIIEH MOTYT 3HAYUTEIBHO CHIXKATh HX PEJIEBAHTHOCTh IPHU OILICHKE
cnenupruyYecKol MMMYHOT€HHOCTH BaKIMH, MpUMEHsSEeMbIX HHTpaHazanbHO [134]. Tax,
HAM{ TOKa3aHO, YTO MPU HHTPAHA3AIBHOM M BHYTPUMBIIICEYHOM BBEICHHUM MBIIIAM
BakiuHbl CrnyTHUK V HaOMIOMAINCh CXOXKHME YPOBHU NOCTBaKIuHAIBHBIX 1gG [43].
AHanornyHO, MHTPAHA3AJIbLHOE U BHYTPUMBILIEYHOE BBEACHIE XOMAKAM BAKIIMHBI HA OCHOBE
anenoBupyca mummnanze (ChAdOx1, nCoV-19, AstraZeneca) mpuBOAMIO K BBIPaOOTKE
cxoxux ypoBHell aHTH-S IgG B ceiBopoTke kpoBu. I[lpm sTtom pesynbratel [ ¢azbl
KIIMHAYECKUX MCCIEOBAaHUN TMPOJAEMOHCTPUPOBATIN 3HAUYUTEIBHYIO DPAa3HUIy B TUTpPAX
anTu-S IgG B chIBOpOTKE KpoBU Ntojei, monyunBmnx BakiuHy ChAdOx1 unTpanazanbHo
u BHyTpuMbIieyHo [160,166]. B xone paboT, onrcaHHBIX B JaHHOM pa3zelie, IoKa3aHo, YTo
y OM tutpsl 1gG, cneunduunnix kak k RBD, Ttak u x S-6enky SARS-CoV-2, mocine
WHTpaHa3aIbHOM BAKIIMHAIIMU OBUIM HIJKE, YEM IMOCJI€ BHYTPUMBIIICYHOU. Takum 006pazom,
HEO0OXOAMMOCTh MPUMEHEHHSI Ja0OPATOPHBIX MPUMATOB JJIsI TIOATBEPIKACHUS PE3YIbTATOB
OLICHKM HMMYHOT€HHOCTH HWHTPAaHA3aJdbHO BBOAMMBIX BaKIMH, MOJYYEHHBIX C
HCIOJIb30BAaHUEM T'PBI3YHOB, MPEJCTABISETCS YCTAHOBICHHBIM (DAaKTOM, TIOITBEPKACHHBIM
Kak JJUTEepaTypPHbIMU UCTOUYHUKAMU [167], Tak U pe3yJibTaTaMU SKCIIEPUMEHTOB, OITMCAHHBIX
B JAaHHOM pa3Jelie.

Cpenu HedemoBeK0OOpa3HBIX MPUMaToB BeI0Op O miis JOATOCPOYHBIX MCCIICIOBAHUI
MOCTBAKIIMHAILHOTO IMMYHHOT'O OTBETa MOXET ObITh 00YCIOBJIEH HECKOJIBKUMH OOIIUMU
dakTopamu, BKIIOUas UX HEOONBIIOW pa3Mep, OTHOCUTEIHHO HEOOJBIIYI0O CTOMMOCTH U
OTHOCHUTEJIBHYIO TIPOCTOTY COJAEPKaHUS B JIaOOpaTOPHBIX ycnoBusix. [lokazanHas HaMu U
JAPYTUMH HAyYHBIMU TPYIIAMU CXOXKECTh aHATOMHUHU U (PU3MOJIIOTMH UMMYHHOU CHUCTEMBI
OWU u yenoseka [46,72] oOycnaBnuBaeT MUPOKYIO MpuMeHUMOCTs OU B OMOMETUIIMHCKHUX
MCCJIEIOBAHUSX, BKIIIOYAs JOKIMHUYECKUE UCIBITAaHUS OE30MacHOCTU U crenuduueckon
AKTHBHOCTH TPOTHBOBUPYCHBIX BakiuH [41,59,168]. Ognako, kak u Il TIOOOU apyroi
AKCIIEPUMEHTAIBLHOU MOJIEIH, MIPH INTAHUPOBAHUH SKCTIEPUMEHTOB HEOOXOJUMO YUUTHIBATh
BHUocenuduIeckrue ocooennoctu [156].

BaxxHbIM OrpaHMYeHHEM OMUCAHHOW B JAHHOM paszfene paboThl SBISETCS TO, YTO
MEXaHU3M HaOII0aeMOro co3peBaHus aQGUHHOCTH AHTUTENl U PACHIUPEHHS UX KPOCC-
HEUTPAIN3YIOIIEH aKTUBHOCTH B OTHOIIIEHUH TOMOJIOTMYHBIX M T€TEPOJIOTUYHBIX BAPUAHTOB

SARS-CoV-2 ocrancs HeyTouHeHHBbIM. Panee ObUIO MOKa3aHO, YTO /JIsI CO3PEBAHMUS
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adh(UHHOCTH aHTUTET HEOOXOUM aHTUTEH, CIIOCOOHBIN MEPCUCTUPOBATH B T€PMUHATIBHBIX
IEHTpax B TEYEeHHE anuTenbHoro BpemeHu [168]. Hampumep, BupycHble Oenku u
HYKJIEHHOBBIE KHCIIOThI MOTYT COXPAHATHCA B KHILIEUHUKE PEKOHBAJIECLIEHTOB, IEPEHECIINX
COVID-19, B teuenne MecsieB, o0ecrneunBas UCTOYHUK aHTUTEHA I TEPMHUHATBHBIX
ueHTpoB [169]. B 1aHHOM HCClIe1IOBaHUM UCTOYHUK AHTUT€HA JJIsI TEPMHUHAIBHBIX LIEHTPOB
OCTAETCsl HEU3BECTHBIM.

N3BecTHO, yTO nuMepHas ¢popma IgA, mpUCYTCTBYIOMIAs HA MOBEPXHOCTU CIU3UCTHIX
000JI04eK, MPOSIBISIET OOJiee BBHICOKYIO aBHAHOCTh M HEUTPATU3YIOUIYI0 aKTUBHOCTH IO
CPaBHEHHUIO C MOHOMEpHOH (OpMOH, KOTOpash MPEHMYIIECTBEHHO OOHAPY>KHMBAETCS B
ceiBopoTke KpoBu [170,171]. N3-3a orpaHM4eHHON JTOCTYNMHOCTH AHTUTEN K Pa3IuYHbIM
m3otunam anturen OW, eme OJHUM OrpaHUYEHHWEM JIAHHOTO HCCIeoBaHUs Oblia
HEBO3MOXHOCTh OTJIEJIFHO U3MEPUTH TUTPHI paznudHbix Gopm IgA. B sTom uccnenoBanuu
MBI KCIIOJI30BAIM aHTHUTENA, pacro3Haromme ode ¢popmbl aHTureHcnenupuueckoro IgA,
m00e3HO0 mpenocTaBieHHbIe 1.0.H., mpod. M.I1. CamoitnoBud.

Takum oOpa3om, B xoae pabOTHl, OMUCAaHHOW B JAHHOM pa3felie, BIEpPBbIC ObLIN
MOJIYYEHBI JI0KAa3aTebCTBA TOrO, YTO BHYTPUMBILIEYHOE W WHTPAHA3AIbHOE BBEICHUE
aJICHOBUPYCHOM BekTOopHOM BakiuHbl TpoTuB COVID-19 unayumpyer BbIpabOTKY Yy
1a00paTOPHBIX MPUMATOB CHEHMU(UUECKUX AHTUTEN C TOCIEAYIOIIMM CO3PEBAHHEM HX
adpunnoctu. Takke yCTaHOBIEHO, YTO BHYTpUMbIIIeuHas BakuuHauus OW mpuBoaut K
(GOpMHUPOBAHUIO YCTOMYMBOTO CHUCTEMHOTO TYMOPAJbHOTO WMMYHHUTETa C IMOCTOSHHBIM
MOBBIIIICHUEM TIOKAa3aTeNIe CO3pPEeBaHMsI aHTUTEN (aBUIHOCTA M KPOCC-HEHUTpAIM3YIOMIEH
AKTUBHOCTHU B OTHOLIEHWH T'OMOJIOTHYHBIX M F€TEPOJIOrMYHbIX BapuaHToB SARS-CoV-2) Ha
NpoTsKeHuu Oosee AByX jer. Hapsiny ¢ oOmuM CHIKEHHEM MAaTOT€HHOCTH COBPEMEHHBIX
BapuanToB SARS-CoV-2, cBuzerenscTBa CO3peBaHus NOCTBAKIIMHAIBHOTO TYMOPAIbHOTO
MMMYHHOTO  OTBETa TMO3BOJIAIOT  JIydllle TMOHATh MEXaHU3Mbl  (OPMHUPOBAHUSA
MOMYJISIMOHHOTO UMMYHHUTETA IPOTUB MAHIEMUYECKHUX 3a001€BaHUM U OyAyT MOJIE3HBI IPU

IMIaHUPOBAHUU KaMIIaHUM 10 IJ_II/IpOKOI\/'I BaKIIMHAIIUM HACCIICHU .
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3.4 3akiI04eHNe IJIaBbI

Onucannas B I'maBe 1 xononuss OU, poauBHIMXCA W MOCTOSIHHO COJEpKAIIUXCS B
1a00paTOPHBIX YCIOBUAX, AKTUBHO UCTIOIH30BAIACh B XOA€ JOKIMHUYECKUX UCCIEIOBAHUIMA
BakiuH npotuB COVID-19, pazpaborannsix B Poccuun.

B nepBom paznene JaHHOM TIU1aBbl onucaHo npumeHeHne OW B NOKIMHUYECKHX
MCCJIEIOBAHUSX MHAKTUBUPOBAHHOW [B-IPOMUOIAKTOHOM ILIETbHOBUPUOHHONW OYHUIICHHOU
copOMpoBaHHOW  KopoHaBHpycHOM BakinuHbl KoBuBak mpomsBomctBa OI'AHY
«OHIMUPUIT um. M.II. UymakoBa PAH» (Muctutyr monmmommenuta). Ha ocHoBanum
JaHHBIX, TOJIYYEHHBIX C ucnoyib3oBanueM OU, Obl crienad BEIBOA O 0€30MaCHOCTH BaKITMHBI
KoBuBak, a Takke O ee CHOCOOHOCTH HMHAYIUPOBATH BBHIPAOOTKY CHEHU(DUUECKHX
BUpycHeWTpanuzyromux aHntuten K SARS-CoV-2, 4ro B COBOKYNHOCTHM C JaHHBIMU,
MOJIyYCHHBIMA Ha Ja0OpaTOpPHBIX TPBI3yHaX M KPOJHMKAX, MO3BOJHIO OOOCHOBAThH
BO3MOXHOCTH nepexoja K [-1I ¢aze knmanueckux uccienoBaHuu.

Bo BTOpOM paznene naHHOW TJaBbl OMHCAHO MpuUMeHeHue madoparopHsix OU B
HCCJIEIOBAaHUAX O€30MacHOCTH M CHenu(pUueckod aKTHBHOCTH HMHTpPAaHA3IbHOW U
BHYTPHUMBIIIEYHOU (HOPMBI aJCHOBUPYCHOM BEeKTOpHOM BakiuHbl mnpotus COVID-19
Cnytauk V, pazpaborannoit ®I'bY «HULOM um. H.®. 'amanen» Munszapasa Poccun, a
TaKK€  MPEJCTABICHBbl  PE3yJbTaThl  W3YyYEHHS  JIOATOCPOYHOrO  CO3pEBaHUSA
MMOCTBAKIMHAIBHOTO HMMYHHOTO OTBETA.

OnucanHple B JaHHOW TIJIaBe pe3yJbTaThl OIMyOJMKOBAaHBI B >KypHanax Emerging
microbes and infections [41,43] u Frontiers in Immunology [77], a Takke mpeaCTaBICHBI
aBTOPOM B BHJIE€ YCTHBIX JOKJIAJ0B Ha PSAE€ POCCUHUCKUX U MEXKIYHAPOIHBIX HAYYHBIX
KOH(EpEeHITNH, BKIIIOYAs IJICHAPHBIN JTOKJIA Ha MEXIYHApOIHON KoHbpepeHnn Virology
Africa, mpomenmeit 15-18 ampens 2024 1. B 1. Cremnen6bom, IOxHO-Adpukanckas

Pecny6nuka.
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IJTABA 4. JkcnepuMeHTaJIbHOE MOAEJIMPOBaHNe HH(EKIMH, BbI3bIBA€MOH BUPYCOM
renarurta E, u onenka cnenupuieckoil aKTUBHOCTH KAHAUIATHOM PeKOMOMHAHTHOMI

BaKIIUHBI IPOTHUB BUPYCHOI'O Irermarura E Ha 00bIKHOBEHHBIX HTI'PYHKaX

N3yuenne wmHorux acnektoB BI'E-undexkmum u pa3paboTka BaKUMWHHBIX U
TepaneBTUYECKUX MPENapaToB MPOTUB BUPYCHOTO renatuta E TpeOyIoT moncka aeKkBaTHbBIX
71a00paTOPHBIX JKUBOTHBIX MOJENEH, BOCHPUUMYHUBBIX KO BCEM 3HAYUMBIM T€HOTHUIIAM
BUpyCa W BOCIPOM3BOJSIIMX OCHOBHBIE JTalbl pa3BUTHS HWHOEKIUU Y YeJIOBEKa
(penponykuust BUpycCa, MPEUMYIIECTBEHHO NOPAXKAEMbIe OpraHbl, JIIUTEIBHOCTh
3a00J€BaHMS U T.11.).

B nannoli TaBe mpencTaBieHbl Pe3yNbTaThl pa3padOTKH SKCIEPUMEHTAIBLHON MOACIN
JUISL OLICHKU CTIeNU(PUUECKO aKTUBHOCTH TEPANEBTUYECKUX IMPENapaToB M KaHIUJATHBIX
BAKLIMH NpOTHUB BHpycHoro remaruta E Ha ocHoBe OM, a Takke onucaHbl pe3yJbTaThl
UCTIBITAHUM KaHIUAATHOW PEKOMOMHAHTHOM BaKIMHBI MPOTHB BHUpyCcHOro remaruta E ¢

UCIOJIb30BaHUEM pa3pabOTaHHON MOJENN.

4.1 O0630p JUTEpPATYPHI

4.1.1 XapakrepucTuKa Bo30yaurTesast BAUPycHOro renarura E

Bupyc renatuta E (BI'E) sBnsieTcst HanOosiee 4acToi MpUYMHOM OCTPOTO renaTuTa BO
MHOTHX pErHOHax MHpa, Bbi3biBag Oosee 20 muH undexuuid u 6onee 40 ThIC. cmepTei
exerogno [172]. BI'E renotunoB (I'T) 1 m 2 uupkynupyeT TOIBKO B YEJIOBEYECKOMH
MOMYJISIMY U BBI3BIBAET BCIIBIIIKK OCTPOM MH(EKUUU ¢ BOAHBIM IyTeM nepenayu. ['T3 u
I'T4 BI'E B OCHOBHOM MEPENAIOTCA 4YEIOBEKY aJMMEHTAPHBIM IyTEM OT AUKHX U
CEIIbCKOXO3AMCTBEHHBIX JKUBOTHBIX, NPEUMYIIECTBEHHO CBUHEH, B MPOMBILIIEHHO
pa3BuThIX cTpa”ax [173], rae B mocieaHue roabl MPOUCXOAHUT YBEIMYEHHE KOJIUYECTBA
aBTOXTOHHBIX ciry4yaeB uH¢puuupoanusi BI'E [174].

3a mocnegHee IECATWIETHE IOSBWINCh HOBBIE JIaHHBIC, CBUICTEIBCTBYIOIIHE O
uupkysinnu BI'E B cTpaHax ¢ yMEepeHHBIM KIMMAaToM, B TOM 4duciie B Poccuu, rae ciyyan

renatuta E panee He peructpupoBaiuch [175], a Takxke o nepegaye BI'E oT xKuUBOTHBIX
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yenoBeky u nupkyysinuu BI'E y MHOTMX BUIOB JOMalTHUX KUBOTHBIX, BKIIOYAs IBIILUIAT U
cBuHel [176].

BT'E otnocutcs k poxy Orthohepevirus A cemeiictBa Hepeviridae u umeeT He MeHee
BocbMU ['T, msiTh u3 kotopeix (BI'E1-4 u BI'E7) cnocoOGHbI BbI3bIBaTH MHDEKIUIO Y JFOIEH
[177,178].

Bupuonsr BI'E, oOnapyxuBaembie B kenuu U (pexanusx, UMeroT auamerp 32-34 HMm
(Pucynok 20) u He umeroT 000JI0YKH, TOTAA KaK B KPOBH OHU MOTYT LUPKYJIHPOBATH B

JTUNUAHON Karcyne (kBa3uobonouke) [179].

KancuagHei 6enok Keasu-o6onoyka

T=3

Pucynok 20 — Crpykrypa dactun Bupyca remaruta E [ViralZone, llIBeiapckuii ”HCTUTYT

ououndopmatuku, [lBeinapus]

I'enom BI'E mpencrasnen onnouenovyeyHoit mitoc-PHK nnunoit 7,2 Thic. ocHOBaHM
(Pucynok 21) [180]. Otkpsitas pamka cuuteiBanus (OPC) 1 BI'E kogupyet HecTpyKTypHbIE
OenKH, KOTOPBIE YYaCTBYIOT B PeIUIUKAINU BUpycHOro renoma, OPC2 koaupyeT KarncuaHbIi
oemok, a OPC3 — perynaropaslii  QocomnpoTent, KOTOPbIA  MOAYIUPYET
MPOTUBOBUPYCHBIM HMMMYHHBIH oTBeT [181-184]. Taxke Obuta wuneHTuduIMpoBaHa
nonosHutenbHas pamka cuntbiBanuss OPC4 B coctae OPC1 BI'E I'T1. OPC4 konupyer
oJIvH 0eok ¢ MosekysspHoit maccoit 20 k/la, koTtopsrit yckopsiet penpoaykuuio BI'E I'T1

in vitro ¥, BO3MOXKHO, CITOCOOCTBYET HETaTUBHBIM HMcxo0aaM renaTtuTa E y mamuenTos [185].



129

MonunpotenH OPC1 OPC2
5@ AraRAAARAL 3
OPC3
? ?
Heeanon. PHK-3aBucumas
’ TR i PHK nonumepasa
5 € AARARAAARAR 3'
HetouHoe
CkaHWpoBaHWe . . | KancuaHbIA GEnok
- | CekpeTopHbIA KancuaHbIi 3
L Benok
Cy6reHomHasa PHK 5’ (@) AAAARAAARAA
OPC3
Pucynox 21 — Opranusamnus resoma Bupyca rematuta E [ViralZone, IlIBeiinapckuii
uHCTUTYT Ounoundopmartuku, lIBelinapusi]. MtnTP — meruntpancdepaza; OPC —

OTKpPLITasA paMKa CUMTBIBAHHA

OPC2 «komupyer KamcuaHbli Oenok waccon 72 kJla, coctosamuit u3z 660
AMUHOKHUCJIOTHBIX (aK) OCTaTKOB ¢ TUAPO(POOHBIM yyacTKkoM oT 14 no 34 ak Ha N-KkoHIIE,
KOTOpPbI  (PYHKIIMOHMPYET KaK CHTHajJbHAs TOCIEAOBATENbHOCTh, PETYIHPYIOMIAs
cekperuio OPC2 [186]. bemok OPC2 (60PC2) cymectByeT B pa3iMuYHBIX (QopMax:
kancuanas popma OPC2 (OPC2C), koMnoHeHT MH(EKIMOHHBIX YaCTHII, U CEKPETHPyEMas
OPC2 (OPC28%), koTopast IPUCYTCTBYET B IIMKO3UIMPOBAHHON M YKOPOYEHHOM (opmax
[187,188]. ®opmer Genka OPC2S sBisrorcs Hanbomee pacpOCTPAHEHHBIMH AHTUTEHAMM,
OoOHapy>KMBaeMbIMU B KPOBM HWH(QUIHMPOBAHHBIX TMAIMEHTOB, M MPEACTaBISAIOT COOOM
OCHOBHYIO MUIIEHB JIJI1 UMMYHHOTO 0TBeTa npotuB BI'E, BeicTymas B kauecTBE aHTUT€HOB-
MPUMAHOK, TIPH ATOM aHTHTENA, CBA3aBIIHECS C cekpeTtupyembiMu (popmamu OPC2, He
y4acTBYIOT B HEWTpaIu3auuu WHQPEKIMOHHBIX BUpHOHOB [189]. Bemox OPC2C
TPAHCIUPYETCS HAuMHasg C BBICOKOKOHCEPBATUBHOIO BHYTpeHHEro kojgoHa AUG,
pacronokeHHoro uepe3 15 komoHoB mociie craproBoro kojmoHa AUG, ¢ KOTOporo
HaunHaeTcss TpaHcnsuus Oemka OPC2S. Tlpomykr OPC2C nmmmen  curHambHOM
MOCJIEIOBATENILHOCTU U HE cekpeTupyercs. [lpu skcnpeccun in vitro KamncuIHBIN O€IOK
camocobupaercs B BUpycomnoaoousie yactuiisl (BITY), koTopbie mpu cOOpke ymakoBBIBAIOT
supycHyro PHK [190]. ITpu stom OPC2C yuacTByeT B CBA3BIBAHUH KJIETOYHOTO PELENTOPA,

WHTEpHAIU3AIMN BUPYCa U BEICBOOOXKICHUH reHOMa B IUToIasmy [191].
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4.1.2 lloTeHUHAJIbHbIE AHTUTEHBI VIS Pa3pad0TKH BaKIMH NPOTUB renatura E

OPC2€ comepxutr Tpu QyHKIMOHAIBHBIX HoMeHa: S (ak 118-313), P1 (ak 314-453) u
P2 (ax 454-606), taxxe HaszpiBaembid E2s [192]. 54 C-xonmeBwsix ak octatka 00PC2
MPEANOIOXKUTEIPHO HM3MEHSIOT KOH(opMmaiuioo Oenka, SKCHOHHUPYS TOTOJHUTEIbHBIC
SMUTONBI, cBs3bIBaromue aHturena [193]. B3ammopnelictBue aomeHoB E2s mHuUOmupyer
romoaumepusanuio 00OPC2 B kamcomepsl, KOTOpbIE 3aTeM COOMpAIOTCS B BUPYCHYIO
yactully. BupycHas wuH(pekus uHUIUUpYETCa B3auMopeicTBueM romoammepa E2s ¢
kietkamMu xo3simHa [192,194,195]. PexomOunantHpie Oenku OOPC2 Takke MoOTryT
dbopmuporats BITY. Ykopouennas ¢ N- u C-xonna Bepcus 600PC2, cogeprkamias ak 14—608
(p595), obpasyer uxocasapuueckue BITY ¢ yucnom tpuanrymsiuu (T), pasasiM 3 (n=180),
HAMOMUHAIOLME HATUBHBIE BUPHOHBL;, p495, mpeacrasnstomuii co6oit ak 112-606 60PC2,
obpasyet BuproHomnogo0usie nkocadapudeckue BITU ¢ T=1 (n=60) [189]. Kak yxe Obu10
ckazaHo BeImie, E2s (ak 459—606) oOpa3yeT MI0THBIE TOMOJAUMEPHI, TIPH 3TOM yIJIMHCHUE
E2s na 66 ak Ha N-kon1e (ak 394-606) nononauTenbHo cTabunusupyet E2s, mo3Bossst emy
o0pa3oBwIBaTh Tekcamepsl B pactBope [196]. E2s, nomomaeHHsIi 26 ak 10 p239 (ax 368—
606), moxxetr camocobupatscs B BITU auamerpom 20-30 um [197]. laxke kopotkuii pl79
(ax 439-617) camocobmupaetcst B BITU pazmepom oxono 20 am [198]. dopmuposanmne BITH
Tak)ke ObUIO OMUCAHO JUIsl OONBIIOrO KOoJaudecTBa mpou3BoaHbIXx 600OPC2, yKOpoUeHHBIX HA
N-konue: ak 439-617, 394-606, 368—-606, 112—-606 [197-199] (Pucynox 22).

OPC2¢ 06namaeT BBICOKOM MMMYHOT€HHOCTBIO U, B oTimuame ot OPC23, unayumpyer
dbopmupoBanne BHA mpu skcneprMeHTanbHOM BaKIMHAIMU JIA0OPATOPHBIX KUBOTHBIX
[200]. Dmuroner BHA nokanu3oBansr Ha C-koHIle Oenka mo ak 458—607 B npenenax E2s u
JydIlle BCEro NpejcTaBieHbl B KoHTekcTe romoaumepoB u BITY [200]. Ucnonb3ys
MOHOKJIOHAJIbHBIE aHTUTENA MBIIH K KancuanoMmy Oenky BI'E, Zhang u coaBT. mokasanu,
YTO OCHOBHBIE JMHUTOIBI BUPYCHEUTPATU3YIOIIUX AHTUTEN OOpa3oBaHbl HECKOIbKUMU
MOCJEA0BATENBHOCTAMUA aK Mexay nosioxkeHusmu 470 u 606, KO-TOKaIu3yeMbIMH IpU
mynbTuMepu3anuu [201], B To BpeMst Kak CHHTETHUECKHUE MEeNTUAbL, monydeHusie u3 600PC2,
Y peKOMOWHAHTHBIC onunenTu bl JyiuHou MeHee 100 ak He uHayIMpyIoT BeipaboTky BHA
[202], moaTBepxkaas, uto snuTomnbl HelTpanu3auuu BI'E sBistoTcs koH(bOpMaIMOHHBIMHY, a

HE JTUHEUHBIMHU.
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Pucynox 22 — Ilpou3Bognbie KamcuaHoro Oenka Bupyca rematuta E, cmocoOHbIe

dhopMupoBaTh BHPYCOMOMOOHBIE YACTHIBI. p595, dbopMupyrommii 4acTUIBI, CXOIHBIE C
HATUBHBIMU BUPHOHAMH (aJanTUPOBAHO U3 cTaThu Yamashita u coasT. [195]); E2s,
dbopmupyronuii  cTabWIbHBIE WMMYHOTEHHBIE romoaumepel [194]; Tpm  Oenka,
WCIIOB3YEMBIX B KaHIWJATHBIX BaKIMHHBIX Tpemnaparax, MOMIEAINNX 10 KIMHUYSCKUX
uccinenoanuii: pl179 [198], p239 [197] u p495 [199]; u p551, nonyyeHHslit Hamu [6]

Bricokas wummyHorenHocts BIIY, 00pa3oBaHHBIX YKOpPOYEHHBIMHM Ha N-KOHIIE
Bepcusimu  00PC2, coxpansronmumu ak  470—606, 3aBUCHT OT WX CIOCOOHOCTH K
nomumepuzanuu [197-199]. Ummynorennocts BITY, cocrosmux u3 ak 368—606 60PC2, y
MbllIe okazanach B 240 pa3 Bblllle, 4eM UMMYHOTE€HHOCTh aumepHoro E2s [197]. bonee
toro, BITY, o6pazoBanusie ak 368-606 O60PC2, Takke HUHIyIUpOBadud MOIIHBIN T-
KJIETOYHBII OTBET, OTCYTCTBYIOIIHUN y )KMBOTHBIX, UMMYHHU3UPOBaHHbIX E2s, HECMOTps Ha
TOT ()aKT, YTO MOCIEAOBATEILHOCTh T-KJIETOYHOTO 3MUTONa Oblia OOIEH T 3TUX JBYX
nMMmyHoreHoB [203]. bonee Bbicokass MMMYHOreHHOCTh BIIY 1o CpaBHEHHIO HE TOJIBKO C
MOHOMEpPHBIMH, HO M C JUMEPHBIMH CTPYKTypaMH OOBACHSIACH NPEUMYIIECTBAMU
OJTHOBPEMEHHOM MpPE3CHTAIIMN Ha MOBEPXHOCTH YACTHI[ HECKOJBKUX BHUPHUOHOIMOJAOOHBIX
SMUTONOB IO CPAaBHEHHID C OrPAHUYEHHBIM YHCIOM DSIHTOIOB, IPEICTAaBICHHBIX
uMMyHoreHamu, He popmupoBaBiumu BITY [198]. Takas npe3eHTanus HHAyLHUPYET Kak B-
KJIETOUYHBI OTBET, Tak W T-kieTouHslii orBeT Thl-Tuma m He Tpedyer ao0aBlIEHUSA
agptoBanTa [203], 49To moaTBepkmaeT OoJjiee paHHWE BBIBOABI, caenaHHbie st BITY,

00pa3oBaHHBIX HYKJICOKAIICHIHBIM OekoM BHpyca remaruta B [204]. B memom 3to nenaer



132

dbopmupoBanne BIIY kpuTHdeckuM dTaroM, OMNPEACTSIONIMM  HUMMYHOT€HHOCTh
npousBoaHbIX 00OPC 2 BI'E u ux cnocoOHOCTs MHAYLIMPOBaTH BeIpaboTKy BHA.
AHTHTENa, BRIpabaThIBaéMble IPOTHB PEKOMOMHAHTHBIX OEIKOB, CoAepKalux ak 452—
617 O60PC2, nposBIsIOT HEHUTPATU3YIOIIYI0O AKTUBHOCTH B OTHOIIEHUU Pa3IAYHBIX
reHotunoB BI'E, 4to ykaspiBaeT Ha TO, 4yTO 3MUTON(bI) MEPEKPECTHO-HEUTPATU3YIOIINX
AHTUTEN HAXOMATCA B Hpenenax KoncepsatuBHo# C-konuepoi wactu 60PC2¢ [202]. D1o
MO3BOJISIET MPEANOIOKUTh, UTO BakIMHBI HA ocHOBE OOPC2 onnoro renotuna BI'E Oyayt

3¢ HEeKTUBHBI 715 IPEIOTBPAILICHUS 3apaKeHus Apyrumu renotunamu [205,206].

4.1.3 KanauaaTHble BAKIMHBI NPOTUB renatura E

XoTs ObUI0 omucaHo OoJiee YETHIPHAAIATH KAaHAUAATHBIX BaKLMH MPOTUB renatuta E
[207], TOJBKO TpH M3 HUX MPOILIA KIMHUYECKHE ucciaeaopanus. p495 (ak 112-608 60PC2
I'T1 BT'E), pekomOuHanTHBIN Oemok Maccoi 56 k/la, popmupyrommii BITY mpu sxcnipeccun
B KJIETKaX HaCEKOMBIX, TOKa3aJl XOPOIIyt0 0e30macHOCTh U 3 dekTuBHOCTH B XoAe 11 da3n
KinHu4Yeckux uccnenoanuii B Henane [208]. Kanaugatnas BITU-conepxkamas BakiimHa
p179 (ak 439-617 60PC2 BT'E I'T4), monydennas B 6akTepuaabHON CHCTEME IKCIIPECCHH,
OplTa paspaboraHa u m3ydeHa B | ¢aze knmmHuueckux ucciaenoBanuii B Kurae [198]. Ota
KaHIWJATHAs BaKlMHA TMOKa3ajga Oe30MacHOCTh M XOPOIIYI0 TEPEeHOCUMOCTh, U €€
KJIIMHAYECKUE UCCIIeI0BAaHUS MMPOIOIIKAIOTCs B uccienoBanusix 11 ¢assi [198].

EnuHcTBEHHAs KOMMEPUYECKH OCTYMHAs B HACTOAIIEE BPEMsI BaKI[HA ITPOTUB T'eMaTUTa
E ocHoBana Ha pekoMOMHAaHTHOM OeJKe, MPEACTABIIAIONIEM CO00 MOCIeI0BATETLHOCTD aK
368—606 60PC2 BI'E I'T1, skcnpeccupoBannyto B E. coli (HEV-239, Hecolin®, Xiamen
Innovax Biotech, Kurait). HEV 239 nunensupoana u noctynaa B Kutae u [lakucrane [209]
¥ HA HACTOAIIMHA MOMEHT HE mpouuia npekBanudukanuio BO3 ans ucnonb3oBaHUs B
SHJAEMUYHBIX PETHOHAX W JUIsl KynupoBaHUs Berblmek [210]. MIMMyHOr€HHOCTh BaKLIMHBI
HEV-239 onienuBanu B cepuu uccnenoBanuii I, II u III ¢pa3e1 [211,212], B x01€ KOTOPBIX OHA
MoKasajia JIuTelnbHyr0 (He MmeHee 4,5 ner) 3amury OT rematuta E B uenoBeueckoi
nonyisituu ¢ mupkyhaupyromum  BI'E I'T4 [213].  JnuTenbHOCTh  AETEKIUU
MOCTBAaKIIMHANBHBIX ~ aHTUTEN  ObUla  aHAJOTMYHA  JUIMTENBHOCTH  JETEKLUU
noctTuHpeknnoHHbIX antuten [214]. Uudopmanus 06 >s¢pdexkruBroctn HEV-239 nportus

renatuta E, BbI3BBaHHOrO reHOoTHUNaMu, OTHYHBIMH OT [ T4, ckymma. B III ¢ase
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uccinenopanuit HEV-239 npeacrapiiensl qannbie o 3amuTe ot renatuta E, Beizannoro ['T1,
910 OBUTO OXkmMmaemo, mockoabky HEV-239 monydena na ocaoBe 60PC2 BI'E I'T1 [212].
AHaM3 C MOHOKJIOHAJIBHBIMM AHTUTENIAMHU MOKa3ajl, YTO y NAUWEHTOB, IMOJIYYHBIINX
BakiuHy HEV-239, BripabarbiBanuch MepeKkpecTHO HEUTpaIu3yIolue aHTUTENa MPOTUB
BT'E [210]. Tem HE MeHEE, SKCTIEpUMEHTATBHBIE T0Ka3aTenbcTBa dppekTuBHOCTH HEV-239
npotuB ['T2 u I'T3 BI'E orcyrcrBytor. Kpome Toro, Oplia HEOJHOKPATHO MOKa3aHa
BO3MO>XKHOCTb dbopmMupoBaHus TeHOTHUII-CIIEU(PUIHBIX BUPYCHEUTPATIU3YIOIINX
MOHOKJIOHAJbHBIX AHTUTEN, a TAKXKE 3HAUYMTEIIbHbIE BapUalUMyd PEAKTUBHOCTU AHTHUTEIL,
BbIpa0aThIBAaEMbIX  TOCJI€  BaKIMHAIMU  O€TKaMH, TOJYYCeHHBIMA HA  OCHOBE
nocneaoBareabHocTel paznuunbix reHoTunoB BI'E uenoBeka u sxuBoTHbIX [215-217].
OtcyTcTBHE ITOCTYNHBIX BakUMH NpoTuB BI'E Hapsamy ¢ HEAOCTaTKOM AaHHBIX O
CHOCOOHOCTH BaKIMH 3alUIIaTh OT Trereposiorumueckux reHorunoB BI'E ompenemnstor
HEOOXOIMMOCTh JaJbHEHIINX YCUIUN MO pa3paboTke 3(P(HEKTUBHBIX YHHUBEPCATbHBIX

mpoUIaKTHIECCKUX BakIuH poTuB ['E.

4.1.4 J1abopaTtopHble in vivo MoJeJ i MHPEeKINH, BbI3bIBA¢MOil BUPycoM renatura E

Pa3paboTka HOBBIX BaklMH MNpPOTUB Temaruta E TpeOyeT Hamuuusl aJeKBAaTHBIX
71a00paTOPHBIX JKUBOTHBIX MOJIETIEH, MO3BOJSIONIMX BOCIPOU3BOJUTH 3apaKEHHE BCEMU
TeHOTUIIAaMH  BUpPYCa, CIOCOOHBIMU  BbI3BIBaTH WHGpekmuioo y moxaein. Ilpu
HKCIIEPUMEHTAIBLHOM BOCHPOU3BEACHUN WHOEKIUU MPEANOYTUTEIHHO COOTBETCTBUE
OCHOBHBIX JTaloOB pPa3BUTUS HMHQPEKUUU Yy HCIOIB3YEMOTO BHJA >KUBOTHBIX (IIyTh
3apak€HWsi, OpraHbl, B KOTOPBIX HPOUCXOJMWT PENPOAYKLHsS BHpPYyCa, IATOTECHES,
JUTUTETLHOCTH 3a00JIEBaHUS U T.J.) TAKOBBIM y YEJIOBEKA.

OcHOBHBIMH J1a00PATOPHBIMH KUBOTHBIMU, UCTIONB3YEMBIMU JIJIS1 SKCIEPUMEHTAIBHOTO
BocripousBeAeHus BI'E-mndexnuu B HacTosimee BpeMs, SBISIOTCS SBAHCKHE MaKaKd
(Macaca fascicularis) n makaku-pesycol (Macaca mulatta) [218,219]. BriepBbie manHbIE O
Bo3MoxHOcTH miepefaun BI'E ot undummpoanHoro no0poBoJiblla SBAHCKUM MaKakaM
MyTeM BHYTPUBEHHON HWHOKYJISIIMU BHpYycCcolepKamero (eKalbHOro 3KCTpaKTa, ObLIN
npeacTaBieHbl nepBooTkpeiBarenieM BI'E nm.H., mpod., akagemukom PAMH M.C.
banasuom B 1983 r. [220]. C Tex mop ObUI0 MHOTOKPATHO MOATBEPKICHO, YTO KaK SIBAHCKUE

MaKakKy, TaK MW MAaKaKu-pC3yChbl MABJIIAIOTCA HAACKHBIMHU MOACKIMU OJIs1 OLCHKH
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3¢ PEeKTUBHOCTH KAaHAMIATHBIX BakIuH TpoTtwB Tematuta E [202,221]. Makaku-pe3ycsl
takxke BocpuumunBbl K ['T1 u I'T4 BI'E [222].

OpHako, HECMOTPS Ha Psii HECOMHEHHBIX MPEUMYIIECTB, 00€ YHNOMSHYTHIE MOJEIU
TaKXe MMEIOT omnpezeneHHble HepoctaTtku: BI'E He nupkynupyer y sSIBAHCKHX Makak U
MaKaK-pe3ycoB B ECTECTBEHHOM cpejie 0OUTaHMsl, a KITMHUYECKUE NposiBlieHus renatura E y
3TUX >KUBOTHBIX OrpAaHUYEHBI. TakKe MOJEIb MAaKaK HE BOCHPOM3BOJIUT XPOHHYECKUU
renatut E, HaOmrogaemslii y JI10/ieil ¢ 0Ca0JIeHHBIM UMMYHHUTETOM, HHPUIIUPOBaHHBIX [ T3
BT'E [221]. Kpome Toro, pabota ¢ MakakamMH OTJIMYACTCS TPYJAOEMKOCTHIO M BBICOKOU
CTOMMOCTBIO, & TAaKK€ YacTO OCIJIOXKHSAETCS HAJIUYMEM Yy >KUBOTHBIX COIYyTCTBYIOLIEH
MATOJIOTUH, CBSA3aHHOW C OOJBIION MPOJOIDKUTEIBHOCTBIO JKU3HH W TMPAKTHUYECKOU
HEBO3MOYKHOCTBIO COJIEPKAHUSI KPYIHBIX KOJIOHUN B M30JIMPOBAHHBIX YCIOBUSX PAaOOTHI C
nmaroreHamu [223].

B03MOXXHOCTH 3KCIEPUMEHTAIBLHOTO BOCTIPOU3BEIeHUS HH(EKITNH, BbI3biBaeMoi [ T3 u
I'T4 BI'E, 6p11a paHee 1moka3aHa HaMH Ha KapJIUKOBBIX JOMAIITHUX CBUHBSX [224]. Kponmku
taxke BocnpuuMuuBkl K ['T3 u I'T4 BI'E [225], oqHako HEBOCIIPUUMYUBOCTh YKa3aHHBIX
BUJIOB K HamOosiee matoreHHbIM Juisi 4enoBeka ['T1 u I'T2 sBasercs ux cepbe3HbIM
HEJI0OCTaTKOM B Ka4yeCTBE JJaOOpaTOPHBIX Moenei [226].

BT'E-undexuust Obia ycmemrHo BocmpousBeAeHa B HWHCTUTYTE NOIMOMHUENIHTA B
1990-x rr. Ha ycatbix TamapuHax (Saguinus mystax) — MEIKUX IMpUMaTax U3 CEMEHCTBa
Urpynkoseie [218,227,228], omHako S3TOT BHJ MNPUMATOB OoJjiee HE paspemieH K
MCIIOJIb30BAaHUIO B OMOMEIUIIMHCKUX UCCIEAOBAHMSIX.

ON wumerT psa NOperMyLIecTB Iepe] MakakaMd M TaMapuHaMH B KAadeCcTBE
IKCTIEPUMEHTATIBHBIX )KUBOTHBIX, BKJITI0Uast HeOombmoi pazmep (300500 T), 6omee HU3KYIO
CTOUMOCTbH, OTHOCHUTEIbHYIO MPOCTOTY COJEP’KaHUS W Pa3BEACHHUS B HEBOJE, OBICTPYIO
CMEHY TOKOJIEHUH ¥ BO3MOXXHOCTb UCITOJIb30BATh JIOCTYIIHBIE PEareHThl, IPEIHA3HAYEHHbIE
sl paboThl ¢ OMOMaTepHalioM, MOJYYeHHBIM OT 4denoBeka [13-15,229]. B otnuuume ot
OOJBIIMHCTBA APYTUX BUIOB mpumaToB, y OU vacto HaOmMI0gaeTCS POXKICHUE NBYX WU
Oonee Onm3HENOB [5], YTO MO3BOJISIET IUIAHMPOBATH SKCIEPUMEHTHI C OJM3HELOBHIM
JU3aiTHOM, 3HaYUTEJIbHO MOBBIIIAS CXOAUMOCTb PE3YJIbTATOB.

[Tonyyennsle panee B.D. Ilonmemyk u COaBT. 3KCHIEPUMEHTAJIbHBIC JAHHBIC II0

3apaxeHuto OW BHpyCHBIM MaTepuaioM, BBIACICHHBIM U3 (ekanuii OOJBHOTO B XOJIE
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BembIiky renatuta E Ha Tepputopun Keipreickoit PecniyOnuku B 1980-x ronax, mokasainiu,
9TO0 OMOXUMHMUYECKHN Tpoduiab MHOEKIUU y 3THX MPUMATOB COOTBETCTBOBAJ KapTHHE
octporo renatuta E. [lepBoe nossimenue aktuBHocTH AJIT u ACT 65110 3aduKkcupoBano
Ha 2- ®w 3- HemensIx IMOCie OHKCIEPUMEHTAILHOTO 3apa)XeHus, a BTOpoe, Oolee
BBIpQXKEHHOE TIOBBIIIICHWE HaOmomamock Ha 5-7-i Hepeme. [lukoBas aKTHMBHOCTH
TpaHCaMWHA3 KaK MHUHHMYM B 2 pa3a TMpeBbIIIaNa BEPXHIOIO TPAHUIy PEPEPEHCHOTO
uHTepBasia. Jkckpeunst BI'E ¢ kanom BnepBble peructpupoBanack Ha 7—14-e cyTku nocie
3apaxkeHusi U coxpassinack B TeueHue 8§ Held. PHK BI'E B chIBOpoTKe HE BBIABISAIACH HA
MPOTSHKEHUU Beero nepuoaa Habmoaenus [230].

CpaBHUTEIBHBIN aHAMHU3 MOKa3ai cxoxkecTh TeueHuss BI'E-undekuun y pa3Hbix BUI0B
o0e3psiH. Y OU, kak u paHee y TaMapHHOB U SIBAHCKHX MakKak, MH(EKIUs MpOsBIAIACh
noBeiienreM aktuBHOCTH AJIT, ACT u apyrux pepMeHTOB, TPaIUIIMOHHO UCTIONB3YEMBIX
B KauyeCTBE MapKEpOB MOPAXKEHUS MEUECHU NPU BUPYCHBIX rematutax. [lpu 3TOM OBLIO
nokaszano, uto y OU BI'E-undexuus npotekana Oosee TsKENO, YEM y TaMapHUHOB, YTO
MPOSBIISIIOCH 00Jiee BHICOKUM YPOBHEM IMEUEHOUHBIX (PEPMEHTOB B OCTpoi (paze. Y Bcex
TpeX BHUJOB 00€3bsH HaOmoAanoch 0oee dYeM JBYKPAaTHOE TMOBBIINICHUE YPOBHS
MEYCHOYHBIX (PEPMEHTOB B CHIBOPOTKE KPOBHU IO CPABHEHMIO C MCXOAHBIMU 3HAYCHUSMU
[227,228,230].

Takum oOpazom, BBHIY BBICOKOTO TOTeHITMana nmpumeHennss OV st miccinenoBaHuit
KaHAWJATHBIX BAaKUMHHBIX MpPENapaToB NPOTHUB BUPYCHOro remarthura E, OlEHKa
BO3MOKHOCTH DKCIIEPUMEHTAJILHOTO BOCIIPOU3BEACHHS BUPYCHOTO renatura E, BBI3BaHHOTO
pasimunbiMu ['T BI'E, Ha moxenn OW, mpencraBisuiack Ba)KHOW Hay4YHO-IIPAKTUYECKOU
3aayeii, OJHAKO JUIsi TOJATBEPKACHUS aJeKBATHOCTH MOJEIN TpeOOBalIoCh JETaIbHO
oxapakTepu3oBaTh HMHGEKIMOHHBIN Tiporiecc y OMW, BkiIouas BBISBICHHE CANTOB

pEeNpOAYKIIMU BUPYCA.
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4.2 JxcnepMMeHTaIbHOE MOAeJIMPOBaHNe HHpEeKIHNH,

BbI3bIBAEMOI1 BHPYCOM remaTura E, Y 00bIKHOBEHHBIX HI'PYHOK

[lenpto paboOT, OMUCAHHBIX B JAaHHOM pasjaene, ObUIO0 AIKCIIEPUMEHTAIBHOE
BocrpousBerenne BI'E-undexnun y OU ¢ ommcanueM OCHOBHBIX BUPYCOJIOTHUECKHX U
OMOXMMUYECKUX XapaKTEPUCTHK renatuta E y JaHHOTO BHJA )KHMBOTHBIX, BKJIIOYAs CAMTHI

PEIUIMKAlMU BUPYCHOTO T€HOMA.

4.2.1 MeToasbl

Jloxanmuzanuio perunkanuu reHoma BI'E Ha pannHeil u mo3anel cragusx MHGEKIHH
m3ydanu Ha AByx OW (camer m camka), pOAMBIIMXCA M MOCTOSHHO COACPKABIIUXCS B
Jlabopatopuu. Jleranpubie ycnoBusi cogepxkanus OW, pexuM KOpMJEHHS, YCIOBUS
MPOBENCHUS  HKCIIEPUMEHTANbHBIX  MAHUITYJSIUN, METOAMKH HUJICHTU(UKAIUU U
OTIPEJICICHUS] MAaCChl U TEMIIEPATYPHI Tela, a TAKXKEe METOJMKA OIICHKU OOIIET0 COCTOSHUS
KUBOTHBIX B XOJ€ d3KcmepumeHnta omucanbsl B ['maBe 1. Ilporokon wmcciemoBanusi ObLI
onobpen Otuueckum komuretoM OI'AHY «OHIUPUIT um. M.II. UymakoBa PAH»
(MHCTUTYT MONMOMUEITHTA).

N3onst BI'E, ncnonb30BaHHBIN A1 S9KCIIEPUMEHTAIBHOTO 3apaK€HUs1, ObUT BBIACIICH OT
007pHOTO BO BpeMsl Bcrblliku renatuta E Ha tepputopun Keipreisckoit Pecriy6nuku 1980-
x rozax [230]. ’KuBOTHBIX 3apa)aiud OAHOBPEMEHHO BHYTpUBEHHO (0,7 MII) U TEepOpaIbHO
(0,3 M) crepunm3zoBaHHbIM puibTpanueit 10% dexaabHbIM SKCTpakTOM, coaepskamum BI'E
I'T1. O6pa3usl kpoBH B 00beMe 1 MIT MoTydasid €KeHeAeNbHO B 00beMe 2 MJI IIMPULIEM
(SFM, I'epmanus) ¢ urmnoii 27 G u3 6enpeHHON BeHbI, 00pa3Iibl Kaja — €KETHEBHO yTPOM
nepes; OYNCTKOM MOII0HA KIIETKH.

Hammune PHK BI'E B Qexanusax omnpegensiiu merogom [P ¢ oOpatHoi
tpanckpunuueir (OT). OOpa3ipl CHIBOPOTKH HUCIOJB30BAIM JJIsi BBISIBICHHUS AHTUTEIN
kmaccoB IgM u IgG x BI'E (antu-BI'E), PHK BI'E u nns usmepenus ypoBHSA
onoxumudeckux mapkepoB ¢pyukuuu nedeHu (ACT, AJIT u nakrarneruaporenass: [JIJI]).

CoeiBopotounblie anTU-BI'E kimacco IgM u IgG onpeaesnsiii ¢ mOMOIIbIO TOTOBBIX TECT-

cucteM sl uMMyHO(pepMmeHnTHOro aHanmm3a (JlmarHoctmueckume cuctembl, HrokHMI
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Hosropon) HAC-UDPA-AHTU-HEV-M u JAC-UDPA-AHTU-HEV-G, COOTBETCTBEHHO,
COTJIACHO MHCTPYKLHH MPOU3BOIUTEINS.

PHK BI'E Beimensnu u3 o0pa3ioB OCBETICHHBIX IKCTPAKTOB (PEKAIHH, CHIBOPOTOK U
TKaHEe ¢ UCMOJIb30BaHMEM HAOOPOB, MPEIHA3HAUYCHHBIX JJISl BBIJCICHHUS HYKJICHHOBBIX
KHCIOT U3 KIMHUYEeCKuX oOpasuoB (Habop mans Beigenenus [JHK/PHK w3
CBIBOPOTKU/TIIa3MbI  KpoBHU, JluTex, Poccusi) cormacHO WHCTPYKIMH TPOU3BOAMUTEIIS.
[Tonyuennsie oOpasupl PHK wucciaegoBamm merogom OT-IIIIP ¢ mabopom mpaiiMepos,
paspaboranHbix Meng u coasT. [231] u mogudunupoBanusix 1.6.H., mpod. K.K. Kiopersnom
(Tabmuma 14). Hnsa BesBaenust mmoc-tiened PHK BI'E mpoBogmmm OT ¢ BHEmHWM
obpatHbIM npatimepoM; munyc-1ienib PHK BI'E BBISBIIsUTH ¢ TOMOIIIBIO BHEIITHETO MPSMOTO
npaitmepa. [lonyuennas nocine OT kIHK (5 mxi) cnyxuna matpuneit B 1 paynae [P ¢
napoii BHemHux npamMepoB. [Ipoaykt 1-ro paynaa ITLP (1 mki) ciyxun maTpuieit s 2-
ro payuzaa [1I[P. O6e peakumuu mpoBoauau B cMecH (25 MKi) ciiemyromero coctasa: 10 MM
Tpuc-HCI (pH 8,3), 2 MM MgCl;, 0,25 MM kaxxnoro tHT®, 0,1 MmxM kaxaoro mpaiimepa u
5 en. mommmepasbl Taq. Ob6a paysma I[P mpoBogmmm mo ciemyromeMy HPOTOKOMY:
nenatypanus B teuenue 30 ¢ npu 94°C; omxur npaitmepa 30 cex nipu 45°C; snonrauus 1
MuH 1ipu 72°C, 35 NUKIOB; U OKOHYATEJIbHAS JIOHranus B Teuenure 7 MuH npu 72°C. Yuer
pesyabpTara BToporo paysaa [P mpoBoanmu meTomom snekrpodopesa 10 MK MpoayKTOB
B 2% arapo3HoM reje ¢ 3Tuaui OpoMuaoMm. JIiMHA aMIUIMKOHA, MTOJTYYEHHOTO BO BTOPOM

paynne [P, cocraBuia 350 m.H.

Tabnuua 14 — [locnenoBatenbHOCTH mpaitmepos s aetekiuu PHK BI'E

Tomma Pavi Pacnosoxenue
ITocnenoBaTe1bHOCTH ’ YHI HanpasJiienue B reHOMe
Hykjaeoruanos  IIIP
BI'E*

5’-ATGCMCAGTACCGGGTTG-3’ 18 IIEPBBII IpsIMOI 5691-5708
5’-ATCCTGCTGAGCATTCTC-3’ 18 NEepBBIN 00paTHBIN 6400-6417
5>-TGYTYTGCATACATGGCT-3’ 18 BTOPOU IpAMOU 5977-5993
5’-GACGAAATYAATTCTGTC-3’ 18 BTOPOU 00paTHBIN 6302-6319

* — HyMmepalus B COOTBETCTBUHU C TocienoBaTenbHOCThi0O TeHoMa BI'E mramma bupma
(GenBank M73218).
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OpaHO KUBOTHOE OBUIO MOJBEPrHYTO IBTAaHA3UU 4yepe3 | Hememto mocie 3apa’keHusd, a
BTOpOe — 4epe3 6 Heaenb. B xoae ayToncuu ObUTH MOTyYeHBI 00pa3Ilbl SMUTENHS TOHKOM,
MOJB3JOIIHON U TOJCTOW KHUIIKU, OpPBDKEEYHBIX TUM(ATHUUECKHX Y3JIOB, CENE3CHKU U
nedyeHu (MpaBoOil U JIEBOW JoJiei), JKETYHOro My3bIpsd U kemuu. Bce o0pasibl TkaHei,
CBIBOPOTKH M Kaja ObUIM MPOTECTUPOBAHBI HAa Hanuuue mitoc- U munyc-ueneid PHK BI'E.

Hamnune vactun BI'E onenmBanu ¢ mOMONIBIO 3JIEKTPOHHOW MHUKPOCKONIMH BO BCEX
oOpa3liax TKaHEW. DJNEKTpPOHHAs MHKPOCKOMUsS ObUla TpoBeaeHa I.M.H., mpod. H.A.
MopozoBeim B OI'AHY «OHIUPUIT wum. M.II. YymakoBa PAH» (Muactutyr
nonmuomuenuta). OOpas3ubl TkaHed ¢ukcupoBam B 4% (Macca/oO0beM) pacTBope
napadopmansaeruga (CDH, Nunus) na pactBope Xenkca (pH 7,3; ITanDko, Poccus),
noctdurcupoBanu B 1% pactBope Terpaokucu ocmus (AppliChem, I'epmanust) Ha pacTBOpe
Xenkca (ITanDxo0), u, mociae 00E3BOKMBAHMUS B aIleTOHE BOCXOIAIIECH KOHIICHTPAIIUH,
3aKJIIOYaIM B CMECh AMOKCHIHBIX CMOJ DnoH-Apanaut (Serva, 'epmanus). Y abTpaTOHKHE
Cpe3bl TKaHEW moyiydyanu ¢ momolnbio yiabTpamukporoma LKB 8810A (LKB Bromma,
[IBeuwst), u, mocie KOHTPACTUPOBaHUE ypaHUaeTaToM u utparom cBunna (EMS, CIIIA),

u3ydanu B 37eKkTpoHHOM Mukpockone JEM-100C (Jeol, AAnonwus).

4.2.2 Pe3yJbTaThl

B xone ommceiBaemMoro B JaHHOM pa3jielieé dKCIEPUMEHTa ObUIM MOATBEPKICHBI
pe3ynbTaTel paHee npoBeAeHHOW B JlaGopaTopuu paboTel mo BocmpousBeaeHuio BI'E-
unpexuu y OU [230]: sxckpenusa BI'E ¢ ¢ekanusmu Bnepsbie Obliia BhIsiBIeHA Ha 7—14
JICHb TOCJE 3apakeHHUsI y OOOMX >KMBOTHBIX M COMPOBOXKAANACH MOBBIIICHUEM YpPOBHS
OMOXMMUYECKUX MAPKEPOB MOPAKECHHUS IEYEHU B KPOBU. Y KUBOTHOTO, HAOIIOAABIIETOCS B
TeyeHue 0oJiee JUIMTENHFHOTO epruoa, BhIsiBIeHO BTopoe noBkimenne ypoBusa ACT, AJIT u
JIAI' va 6 nenene mocie 3apaxkenusi (Pucynok 23). KpuBas, oTpaxaronias U3MEHEHUE
ypoBas JIJII' B xo/e nHpEKINH, TPAKTUYECKU MOTHOCTHIO MOBTOPSIA KPUBYIO U3MEHEHUS
ypoBHsi AJIT, sBIsAIOmIENCSs OCHOBHBIM MapKepOM MOPAKEHHsI MEUYEHU MNPH BHUPYCHBIX
renaTuTax, 4To MO3BOJISET MPEAIONIOKUTh, YTO onpeaeiaeHue ypoBHs JIJII" MOXKeET ciryKuTh
JNOTNOJHUTENbHBIM ~TECTOM JJIsi JUWAarHOCTUKH octporo rematuta y OWM  mocie
AKCHEPUMEHTAIBHOTO 3apAKECHHUS.

Antu-BTE (IgM u 1gG) nocne 3apaxkenust Obuin 00HAPYKEHBI y 000UX )KHBOTHBIX.
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YKueotHoe 1 (cameu)l XKusotHoe 2 (caMKa)l

PHK Br'E PHK Br'E
B (hekanusx - * B (hekanusx * * + & & ®
1000 ~ r 25 1000 1
800 - - 20 800 -
600 - F 15 600 A
400 A - 10 400 -
200 A ) 200 A
0 T 0 0
-3 1 -1 1 2 3 4 5 6
Hepenu nocne 3apaxeHus Hepenu nocne 3apaxeHus

|—o—ACT —e—qgr -»-ANT |

Pucynoxk 23 — XapakTepucTuku UH(PEKINUH, BBI3BIBAEMOM BUpPYycOM remnaturta E reHorumna
1, y 0OBIKHOBEHHBIX UTPYHOK. OpAnHATa cleBa — ypOBeHb JakTaTaeruaporenassl (JIAT,
En./n), ypoBens acmapraramunotpancdepassl (ACT, en./m); opauHaTa cripaBa — ypOBEHb
anannHamuHOTpaHcdepassl (AJIT, exn./n)

OcHOBHOM 3afadell JTAHHOTO AKCIIEPUMEHTa OBLIO BBISIBJICHHE CANTOB peIIMKALUU
reHoma BI'E na pannux u no3aaux craausx uandexuuu y OU. B 6oapmmHCcTBE COOOIIEHUN
00 sKcTiepuMeHTaIbHOM HHpUIMpoBanuu kuBoTHBIX BI'E Ob110 ycTaHOBIEHO, YTO MEYEHB
ABJISIETCS OCHOBHBIM OpPraHoM, B KOTOPOM MpoucxoauT penpoaykuuss BI'E [232,233],
OJIHAKO B CBSI3H C OMyOJIMKOBAaHHBIMH COOOIIEHUSAMH O BO3MOKHOCTH penpoaykiuuu BI'E B
SMUTENNA TOHKOW KHIIKH MPU SKCIIEPUMEHTATBLHOM 3apakKeHUM CBHUHEH, ObLIO MPHUHSITO
penieHre 0 NOMCKE BHENEYEHOUHBIX calToB penponykuuu BI'E y OU [234].

B nannom uccnenoBanuu matoc-miens PHK BI'E I'T1 Gbiia o6HapykeHa B TKaHU MEUYEHU
Y JKEJTYHOTO Iy3bIps, @ TAKXKE B JKEMYH U (HeKaIUSIX SKCIEPUMEHTAIFHO UH(UIIUPOBAHHBIX
OW, Torna kak munyc-ienb PHK BI'E, yka3biBatomas na pernukanuto reaoma BI'E, Gpi1a
oOHapy>keHa Tosbko B neueHu (Tabnuma 15).

Pesynbratsl BbisiBAeHUs Umoc-nieny U MuHyc-uenu PHK BI'E coBmanu st panHein
("depe3 HemelNo mocie 3apakeHusl, Ha cleayronid e nocie ooHapyxkenuss PHK BI'E B
dekanuax) u no3aHel ¢as3sl nuHdexuu (depe3 6 Henenb nocie BoiaeneHus Bupycuoit PHK
¢ ¢exanusmu). UnrepecHo, uro B nannom skcnepumente PHK BI'E oOnapyxuBanace B

¢dekanuax o00MX JKMBOTHBIX uepe3 1-2 mgHS moclie 3apa)KeHus, MOCJE 4Yero mcyesaina u
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MMOBTOPHO OOHApYy’>KHMBajIach TOJIBKO depe3 1 Heaemto mocie 3apakeHus. JTOT (akT, mo-
BHJINIMOMY, CBS3aH C MPOXOKJICHWEM WHOKYJISATa BUpPYyCa 4epe3 KHUIIEYHHK, Tak Kak 30%

MaTcpHrajia IpHu 3apaXCHU BBOAWIN IICPOPATIBHO.

Tabnuua 15 — Besnenue mmioc-uienu u munyc-ienn PHK BI'E B oOpasmax tkanei
OOBIKHOBEHHBIX MTPYHOK, MOJTYYEHHBIX MOCJE IKCIEPUMEHTAIBHOTO 3apPaKEHUSI BUPYCOM
renatuta E reHoruna 1

1 "Hemess mocje 6 HeaeJb mocJjie
IKCIMEPUMEHTAIBLHOTO IKCIMEPUMEHTATIHLHOTO
HcTounuk odpa3ua 3apaxKeHus 3apaKeHus

Ilaroc-uens | Munyc-uens | Ilmoc-uens | Munyc-uennb
PHK BI'E PHK BI'E PHK BI'E PHK BI'E

Tomas kumika (3nuTennii) - - - -

[TonB3nomHas kuika (3MUATETUHN) - - - -

TloaB3gomiHas Kuika
(ITeitepoBa Osimika)

O06o0uyHas KUTIKA (STTUTEINN) - - - -

Bbpeixeeunbie TuMdaTrndeckue

y371bl
Cenesenka - - — -
[leuens (mpaBas 1osst) + + + +
[Teuens (JieBas 101s1) + + + +
JXeyHblil y3bIph (CTEHKA) + - - -
Kenup + - + _
ODexanuu + - + _

Bupycusie yactuisl BI'E Obuti 0GHapYXEHBI ¢ TOMOIIBIO 3JIEKTPOHHOW MUKPOCKOIIUU
TOJIbKO B renmatouutax (Pucynok 24), 4to CBUAETENBCTBYET O TOM, 4TO penpoaykius BI'E
MPOUCXOINUIIA TOJILKO B TIEUCHOYHOW TKAaHU KakK B Hayaje MH(EKINH, TaK U Ha MO3IHUX €€
CTaUsAX. DKCTPANOJALMS PE3yIbTaTOB JAHHOTO SKCIEPUMEHTA HA €CTECTBEHHOE TECUEHUE
rematuta E uMmeer OAHO OrpaHvYeHue: 3HAYUTEIbHAs 4YacTb BHUpyca BBOAWIACH
MMAPEHTEPAIBHO, TO €CTh BUPYC MOT MONACTh B IIEYEHb HENOCPEACTBEHHO C KPOBBIO, MUHYS
kumieyHuk. TeM He MeHee, Boiaenenne BI'E ¢ dexanusvu Ha 1-2-1 neHb ToCie 3apakeHus

NOATBCPANUIO IIPOXOKACHUEC BUPYyCa YCPEC3 KUILICYHHK.
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Pucynokx 24 — Bupycubie yactunbl BI'E (cTpenka) B rematonurtax 3KCIEpUMEHTAIBHO
3apaX€HHBIX OOBIKHOBEHHBIX UTPYHOK. YBenuuenue 20 Toic. (caeBa) u 30 ToIc. (crpaBa)

[lony4yeHHbIE B TaHHOM pas3zeiie Pe3yJbTaTbl CBUACTEIBCTBYIOT O TOM, YTO II€YEHb
ABIAEeTCS TpeobmanaromuM caiitom penpoaykuuu BI'E mpu  sxcnepumeHTanbHOM
3apaxxennu OU, B TO BpeMs Kak MpeamnoiaraeMasi penpoayKIHs B TKaHSAX KHUIICYHHKA HE
noaTBepawinack. GaxkT TOro, 4TO 3T JAHHBIE NTOJYYECHBI HA TPUMATHON MOJEIH, ITO3BOJISAET
MPEANON0XKUTh, 4TO penpoaykuus BI'E y nmronen Takke OpOUCXOIUT TOJBKO B TKaHU
TICYCHU.

KpoMe TOro, mosydyeHHbl€ OaHHbIE MO3BOJWIM HOATBEPAUTH, 4To OW sBIsAIOTCS
aJICKBaTHOM J1abOpaTOPHON MOJIEBIO I SKCIEpUMEHTanbHOro Bocmpoussenenus BIE-
MH(OEKIMU, YTO TMO3BOJMJIO NEPEUTH K HCCICAOBAHUSAM KAaHAUAATHOTO BAKIIMHHOTO

npenapara mpoTUB BUPYCHOTO remnatuta E, onucanHbIM B ClIeyIOIIEM pa3aene.
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4.3 O]_leHKa CHeIIH(l)I/I‘leCKOﬁ HMMYHOI'€HHOCTH H HpOTeKTHBHOﬁ AKTHBHOCTH

KaHINIATHOI'0 BAKIIMHHOTO IpenaparTta NpoOTUB BUPYCHOI'O renmaTura E

4.3.1 MeToasbl

4.3.1.1 /luzaiin koncencycnoit nociedosamenvhocmu 2ena OPC2

AmunoxucaotHele nociaenosareabHoctd BI'E I'T3, Beinenennsie B Poccuu ot 00JIBHBIX
renatutoM E (GenBank: HM446470, IN204462-JN204467, JX912474-JX912477) n ot
BT'E-undpunupoannsix  pomamuux  cBuHed  (GenBank: HQ380052-HQ380131,
HQ399130-HQ399185, KP144127-KP144144) Obuin BbIpaBHEHBI C HCIOIH30BAHUEM
nporpammaoro obecnedenuss MEGA 7.0.18. KoHceHCycHas mocienoBaTeNbHOCTh T'eHA
OPC2 BT'E I'T3 6pu1a monmydena ¢ MCIOIb30BaHUEM MPOTPaMMHOTO obecrieueHust SeqMan

Ultra (DNASTAR, Inc., Maaucon, CII1A).

4.3.1.2 ITha3zmuowt

JHuzaiin rera 00PC2, a Takxke paOOThl O MONYYEHHUIO TUIa3MUbI OBLITN TPOBEJCHBI B
JlaGopaTtopuu MOIEIHUPOBAHHUS HUMMYHOOHOJIOTHYECKHAX MPOIECCOB C IKCIEPUMEHTAIBHOM
KJIMHUKON UTpyHKOBBIX 00€3bsiH PI'AHY « DHLIUPUII um. MLI1. YymakoBa PAH» (MuHCcTUTYT
MOJIMOMUEINHTA) TIOJT PyKOBOACTBOM 11.0.H., ipod. K.K. Kropersna.

CunateTndecknii reH mamuHou 1683 m.H., kogupyrommuit ak 110—660 60PC2 (manee
o6o3HawaembIii p551), OBUT CKOHCTPYHMPOBAH C HCIOJIB30BAaHWEM WHJACKCA aJanTaruu
KOJOHOB [235]. CuHTEeTHYCCKHUI TeH OBLI JOMOJHEH N-KOHIICBBIM OCTATKOM METHOHHHA U
10 ocrarkamu ructuauHa (10xHis) u onmTuMH3MpoBaH C HWCMONB30BAHUEM CTPATETUU
naByxcnoiHon ontumuzanuu reHoB DAPCEL™ RC (peakue KOAOHBI) Al peu3aiiHa reHa
C YYETOM BaXXHOCTHM PEIKUX KOJOHOB M O0OIIeld KHHETHKM TpaHCIAUUU Oelka,
PYKOBOJICTBYSICb MCIOJIb30BAHMEM CHHOHUMUYECKUX KOJIOHOB JUIsl MPOAYKIMH Oelika U
KOTPaHCIAIMOHHON yKiIanku Oenka B OaktepuanbHbix kieTkax (Dapcel Inc., Knusnenn,
Oraito, CIHA; https://dapcel.com/technology). CunTeTnueckuii TeH OBUT MPOU3BEACH
kommanuenn GeneWiz Inc (Cayt-Ilneitndung, Hero-/Ixepcu, CILIA). [TocnenoBaTenbHOCTB,
kogupytomas OPC2, Oblia 3aKIIOHUPOBAHA B TPOKAPUOTUUECKUIN IKCTIPECCUOHHBINA BEKTOP

pET3a (Novagen, Maaucon, CIIIA) ¢ ucnons3oBanuem pectpukra3 BamHI u Ndel (New
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England BioLab, CIIIA). Hanuuue JIHK-BcTaBku, komupytromeir 60PC2 ¢ N-KoHIIEBBIM
10xHis, B momyuyennoii mnasmune pET3a-ORF2 Obpuio moaTBep:kAeHO PECTPUKIIMOHHBIM
aHaJIM30M U OpsMbIM cekBeHupoBaHueM. [lnazmuny pET3a-ORF2 nonyvanu B kierkax E.
coli DH5a, ounianu ¢ ucnonb3oBaHueM Habopa kojgoHok MiniPrep (Axygen, CIIIA) mo
WHCTPYKIIMU TIPOU3BOJUTENS U MCIIONB30BAIH MpU TpaHchopmauu kiaetok E. coli BL21

(DE3) (EBporen, Poccust) ansa nonyuenust 60PC2.

4.3.1.3 Hcnonvzoeannvie uzonamel eupyca cenamuma E

BTE I'T1 Obwn BeieneH u3 o0pa3uoB ¢ekanuii yenoBeka, monydeHHbIX B KbIpreizckoi
Pecniy6nuke B 1993 r. (GenBank MZ028013), a BI'E I'T3 (GenBank MZ028015) — u3
oOpa3ioB (ekanuii cBUHEH, MOTyYeHHbIX Ha (epmax B benroponckoi obmactu B 2016 r.
[236]. 0,5 r oOpasmor ¢ekanmii romorean3upoBanu B 10 mia ¢ocdarHo-coneBoro Oydepa.
["'omorenusupoBannubie 00pa3isl nentpudyruposaiu npu 5000 g B reuenue 30 MuH, 3aTeM
CyTepHATaHThl TMEPEHOCUIN B CTEPUIIbHBIE MPOOMPKH W CHOBA IEHTPU(DYTHUpOBAIU IMPHU
12000 g B Tewenme 30 muH. OOpas3ibl 3KCTPAKTOB CTEPHIM30BAIN (PHUIbTparuent ¢
MCIIOJIb30BAaHUEM CTEPHIIBHOTO MIMPHUIEBOTO (punibTpa ¢ pazmepom mop 0,22 mxm (Merck
Millipore, I'epmanus) u xpanunu B anukBoTax mo 1 mu mpu —70 °C mo mpoBeneHus
uccanenoBanus Ha Hanune PHK BI'E.

I'enotrum BI'E B oOpa3max (ekaabHBIX JKCTPAKTOB TMOATBEPKAAUIH ITyTEM
cekBeHupoBanusa (parmenta OPC2 mgmuao#t 350 m.H., aMmIu@UIMPOBAHHOTO C
MCIIOJIb30BaHUEM BBIPOKICHHBIX BIIOKEHHBIX MMpaiMepoB, HareneHHbIXx Ha OPC2 [231].

PHK BI'E B (dexanpHbIX 3KCTpaKTax OMpEAeNsif KOJIMYECTBEHHO C MpaiiMepaMu U
3oH110M TagMan, omrcanuabivMu Jothikumar u coart. [237], u Habopom pearentos ms [11[P
c perekiueit B peanbHoM BpemeHu (Cunrton, Mocka, Poccus). Cepuitnbie 10-kpatnbie
pa3BeneHusa MexayHapoaHoro cranpapra PHK BI'E (1-ii MexayHapoaHblil cranaapt
BcemupHo#t opranuzaiuy 31paBoOXpaHeHUs s aMIUTA(PUKAITMOHHBIX METOJOB JETEKIIUN
PHK BTI'E Bupyca, xog PEI 6329/10, Paul-Ehrlich-Institut, Jlanren, I'epmanus) c
koHnenTpanueir or 10 mo 10° ME/Ma MCHONB30Bany IS IOCTPOEHUS KaaMOPOBOYHOM
kpuBoii. PHK Beigemsiim w3 00pa3iioB WHOKYJISATA W pa3BEACHUW CTaHAapTa C
ucnionb3oBanueM Habopa QIAamp Viral RNA Mini Kit (QIAGEN, TI'epmanus) u

MoJBeprajiv OOpaTHOW TPAHCKPHUIIIUU CO CIyYaWHBIMH TE€KCaMEPHBIMU TpaiMepamu ¢
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ucrnosib3oBanueM Habopa st cunte3a mnepBoil nenu k/IHK (Cunekc, Poccus). ITHP ¢
JeTeKIMeld B peajbHOM BpEeMEHHM NpoBOAWIM Ha aHamuzatope TaqMan48 (Roche,
['epmanus) npu ciaeayromux yciaoBusx: 45 nukinoB aenarypanuu npu 95°C (10 ¢) u oxura
npu 55 °C (20 c). Ilocne xomuuectBennoro ompenenenuss PHK ¢ekanpubie 3KCTpakThl,
comepxkamme BI'E I'T1 I'T3, pasBoamnu crepuiibHbIM (pocdaTHO-coeBBIM OydepoM 110

KOHEYHOU KoHueHTpanuu 10° ME/mr.

4.3.1.4 Ilonyuenue u ouucmka peKOMOUHAHMHO20 DeKa

[Tonyyenne wu oumctky Oenka p551 mpoBomuna corpyauuna Jlabopatopuu
MOJICTUPOBAHNS WUMMYHOOHOJIOTUYECKUX IPOIECCOB C DKCIEPHUMEHTAIBLHON KIMHUKOW
urpyHkoBeix o00e3psH OI'AHY «DHIOUPUIT wum. M.II. YymakoBa PAH» (MuctutyT
nonuomuenurta) K.0.H. A.C. JKuTkeBud noji pykoBoJCTBOM aBTOpA.

Knerku E. coli (DE3) (EBporen, Poccust) Tpanchopmuposanu mnazmunoit pET3a-ORF2
Mo cTaHaapTHoMmy mnpotokony [238]. Oany komoHHIO MHOKynupoBaiu B cpeay LB (1%
O0akto-tpuntoH, 0,5% OaxTo-mapoxokeBort 3kcTpakt, 1% NaCl) (Servicebio, KHP) c
nobasnenueM amnuuuumaa (50 Mxr/mi) u 10% (macca/o0beM) TIIOKO3bI U HHKYOHUPOBAIIU
npu 37 °C npu BCTpsIXUBAaHUHU €O CKOPOCThI0 180 00/MHH B TeUEeHUE HOYHU. 3aTEM KIIETKU
MEePEHOCUIU B CBeXYI0 cpeny LB ¢ ammunmmianaom (50 mxr/mi) u Beipamusanu 10 0,4—0,8
OD600. Dxcnpeccuto mHayIMpoBanu mobasmennem 1 MM UIITI, mocne dero KieTku
nHKyOupoBanu B Teuenue 4 yacos npu 37 °C u BerpsixuBanuu npu 180 o6/muH. B kauectse
OTPUIATEILHOTO KOHTPOJISI HMCHOJB30BAIM HE HHIYIMPOBAHHYIO OaKTepuaIbHYIO
cycneH3uio. baktepuanbHble 0CaJKM MOCIEIOBATENIBHO PECYCHEHAUPOBAIM B JIM3UCHBIX
oydepax A (50 MM Tpuc-HCI, pH 8,0; 0,2 M NaCl, 2% Tpuron X-100, 1 MM 3TA), b
(50 MM Tpuc-HCI, pH 8,0; 0,2 M NaCl, 2 M mouesuna) u C (50 MM Tris-HCI pH 8,0; 0,5
M NacCl, 8 M moueBuHa). B xaxxmom Oydepe kineTkn obpabaTeiBanu yiabTpa3Bykom 10 pas
1o 5 CeK. C UMIYJIbCAMHU ATUTEIHHOCTHIO 7 MC Ha JIbJTY C UCTIOIB30BAaHUEM YIBTPA3BYKOBOTO
romorenuzaropa Soniprep 150 (MSE, ®pannus), a 3arem uentpudyruponanu B teuenue 30
MuH. nipu yckoperuu 15000 g u Temmeparype 4 °C. Ilocne oOpabotkm Oydepom C,
00paboTKH yIbTPAa3BYKOM U HEHTPUPYTUPOBAHUS CyIIEpPHATAHT COOUPATH U HCIIOIb30BaIU
JUIsL OYUCTKH Oenka ¢ ucronb3oBanueM | mi Ni-NTA araposst (Jena Biosience, Mewna,

I'epmannsg) Ha 1 51 kierouHod KyabTypbl. CMmech oOpasima W arapo3bl OCTOPOXKHO
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nepememmmBanu pu 4 “C B TeueHre Houu Ha mieiikepe (Biosan, JIaTBus), uToOb1 06ecieunTsb
CBS3bIBaHME Oe€Ika B MPUCYTCTBHM S5 MM wuMmma3ona, ONOKupys Hecmeruduaeckoe
ces3biBanme. Cycnensuio 0enok/Ni-NTA-arapo3a mnepeHOCHMIN Ha KOJOHKY H 3aTEM
npombiBanu 10 oo6bemamu mpomeiBouHOro Oydepa (20 MM tpuc-HCI pH 8,0; 0,5 M NaCl;
20 MM wmmupazona; 1 MM B-mepkantostanona; 6 M moueBunsl, H2O) u 10 oObemamu
KOKIOro W3 TpexX pedonauHroBeIX OydepoB, coaepKaliuXx  yMEHBIIAIIYIOCS
koHneHTparnuio MoueBuHbI (20 MM Tpuc-HCI, 0,5 M NaCl, 20 MM nmumazoma, 1 MM -
Mepkanrtodtanosia, pH 8,0, u 4 M, 2 M u 0 M moueBuHBI, cOOTBETCTBEHHO). [locre
MIPOMBIBOK I1€JIEBOM OEJIOK ITFOMPOBAIHN J00ABICHHEM 5 00hEeMOB Amroupytomero oOydepa
(20 MM Ttpuc-HCI, 0,5 M NaCl, 300 MM mmuaazona, 1 MM 2-mepkanTtoatanona, pH 8,0).
Cob6upamu Ppakmuu o 250-300 mki. [lepen mcmonb30BaHWEM JII OYMCTKH MEYCHBIX
TUCTHIUHOM OEJKOB KO BceM Oydepam a00aBisiin cMech UHTHOUTOpoB mpoteas (P8849,
Sigma-Aldrich, Cent-JIyuc, Muccypu, CIIIA). Hannune pekom6unanTHoro 6enka pS51 Bo
¢bpakuuax omeHuBanu snektpopopesom B 10% SDS-ITAAT ¢ mocnenyroumm
okpamuBanuem reis Kymaccu R-250. benok, smioupoBanubiii ¢ Ni-NTA arapossl,
MOABEPTAIA TUaNn3y B nuanu3Hom merike 12 x/la mporus 2 1 hochaTtHO-coneBoro Oydepa
(42 MM NaH2POs4, 14 MM Na,HPO4, 0,5 M NaCl, pH 8,0) B Teuerune noun nipu 37°C u
KoHIeHTpupoBanu B Teuenue 30 munHyT Ha Quibtpe Amicon® Ultra-15 (UFC9100,
Millipore, CIIIA). IlomyueHHblli Oenok aHamu3upoBau daekTpodopesom B 10% SDS-
[TAAT' u BecTepH-OJIOTTMHTOM C HCHOJAB30BaHMEeM aHTUTen Anti-6X His tag® c¢

nepokcuaazoit xpena (GT359, ab184607, Abcam, BenukoOputanus).

4.3.1.5 Ananuz ¢ SDS-IIAAI u éecmepu-o10mmunz

O6pa3nbr 6enka cmemuBamm ¢ 2X oydhepom JIrmmu (0,0625 M tpuc-HCI pH 6,8; 2%
SDS, 10% rmuuepun, 0,05% Opomdenonossiii cunuii, 1% B-mepkanTosTaHon),
nHKyOupoBanu B Teuenne 10 mun mipu 95 °C u pazaensum snekrpodopesom B 10% SDS-
I[TAAT, a 3arem okpammuBanu Kymaccu R-250 (1.12553, Sigma-Aldrich, CHIA). Jlns
BECTEPH-OJIOTTHHTA OCKM TEPEHOCHIIM Ha HHUTPOIEIII0I03Hy0 MemOpany Hybond ECL
(GERPNS&2D, CIIA) ¢ ucnionszoBanueM kamepbl Mini-PROTEAN Tetra (Bio-Rad, CIIIA).
Memb6pany 6mokupoBanu B Teuenune Houu ipu 4 °C B pocdatHo-coneBom Oydepe ¢ TBHHOM

(80 MM Na;HPO4, 20 MM NaH2PO4, 100 MM NaCl, 0,1% Tween-20), conepxamem 5%
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00€3)KUPEHHOT0 MOJOKa, U HHKyOupoBanmu c¢ AHTU-6X His.tag antutenamu [GT359],
KOHBIOTUPOBAHHBIMHU C MEPOKCUA301 XpeHa, B pazpegenun 1:10000 B Teuenue 1 yaca nipu
KOMHATHOM TeMIiepaType MpHU IOCTOSHHOM BCTpSXUBaHHH. MeMOpaHy MNpOSBISIN C
ucrnoyib3oBaHueM xemmnomuHecieHTHoro pearenta ECL (RPN2232, Cytiva, CIIA) u
wieHku CL-XPosure Films (34089, Thermo Fisher Scientific, CHIA). [Inenky ckanupoBaiu
n oOpabaTelBalM C WCIOJIB30BaHHEM IporpaMMmHoro obOecreuenus Image] (Research

Services Branch (NIH), CIIIA) u Photoshop 2017 (Adobe, CIIIA).

4.3.1.6 Ilpoceeuusarouwiasn 31eKmpOHHAA MUKPOCKORUA

KonuentpupoBannusie BITY ancopOupoBanu B TedeHHE 5 MUH Ha MEAHBIX CETKax,
MOKPHITEIX yriepoaom/popmBapoM (Formvar/Carbon 200 Mesh, yraepon 3-4 um). 3atem
ceTku cemb pa3 npombeiBaiu 1 M 3JTA c¢ nocineayrouMm okpamuBanueM 2%
YpaHWJIALETaTOM B T€UEHHUE 2 MHUH, CYLIWINA Ha BO3/TyX€ M UCCIIEIOBAIH B MPOCBEYMBAIOIIEM
anektpoHHoM Mukpockorne JEM-100C (Jeol, flmonus). Pa3Mep momy4yeHHBIX YacTHUIl
OTIpEeNsId C TOMOIIBI0 TporpaMMmHoro obecmeuenus BioVision 4.0 (West Medica,

ABcTpus).

4.3.1.7 JlabopamopHhule cusommwle

B nccnenoBanue ObUTH BKIIFOUSHBI TPH Mapbl 0u3HEIoB OU, poAMBIITUXCS M TOCTOSTHHO
coaepkaBmmxcs B JlabopaTopun: 4 camira u 2 caMkH, B Bo3pacte oT 1,5 1o 2,5 net, maccoit
320-370 rpammoB. brnusHensl ObLTHM pacmpeneneHbl B HCCIEAOBATEIBCKHE TPYIIBI B
COOTBETCTBHH C OJIM3HEIIOBBIM JTU3aifHOM HCCle0BaHus. JleTanbHbIC YCIOBUS COACPIKAHMS
OU, pexum KOPMIICHHS, YCJIOBUS TMPOBEACHUS SKCICPUMEHTAIbHBIX MAaHUIYJIAIUHI,
METOJWKa UACHTU(DHUKAINK )KUBOTHBIX, METOJIMKA MPOBEICHUS OMOXWMHYECKOTO aHAIN3a
KPOBH, a TaK)X€ METOJHMKA OICHKH OOIIET0 COCTOSHHUSI KUBOTHBIX B XOJ€ IKCIEPUMEHTA
omucanbl B ['maBe 1. ID XMBOTHBIX B TaOIMIIaX COOTBETCTBYIOT HYETHIPEM IOCICIHUM
nrdpam Koga MoIKOKHOTO paTHOYHTIA.

Hns 3apaxenuss BI'E u B TedyeHue cnenyromux 9 Henenb *XUBOTHBIX MOMEIIAIU B
WHIWBUAYAJbHBIC KJIETKH CO CHalbHBIMH JoMHKaMmH. [loBemeHueckoe oboramieHue
JIOCTUTAJIOCh U3MEHEHUEM PACTIOJIOKEHUS MUILH B KJIETKE U YCIIO)KHEHUEM JIOCTYIA K HEU B

COOTBETCTBMM C pa3pabOTaHHON B Ja0OpaTOpUM LUKIMYECKOW CXEMOH, a TaKxke
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M3MEHEHHEM PACIIOIO0KEHNS KOMIIOHEHTOB 00OTalleHus] BHyTpU KJIeTKu. Mouy u dekanuu
YAQIAIU €KETHEBHO IMyTEM 3aMEHBI MOAI0HOB. JKMBOTHBIE MOJIyYalyd BOAY U CHEIUATHHO
paspadotannbiit kopm 1t OU ad libitum. Bee marumysmun ¢ O mpoBoauIM B OTIETEHOM
MOMEIICHUH 03 3ByKOBOTO M BU3YAIbHOTO KOHTAKTA C IPYTUMU KUBOTHBIMHU.

Bce skcnepuMeHTanbHBIE MPOLEAYPHl C KMBOTHBIMH MPOBOAMINCH TUCCEPTAHTOM
nuuHo. Bece MaHuNynanuu Ha MpOTSKEHUM UCCIEIOBAaHUA HE ObUIM OOJE3HEHHBIMU U HE
TpebOoBaIN aHECTE3UH.

[Ipotokon uccnenoBanus ogo0peH dtuueckum komuterom GPIAHY « ODHIIMPUIT um.

M.II. YymakoBa PAH» (MHCTUTYT mOIMOMUEHTA).

4.3.1.8 Hmmynuzayus, 3apasricenue u nociedyrouiue npoueoypl

YeThIpeM KUBOTHBIM U3 ONBITHOW IPYIIbI BHYTPUMBIIIEYHO BBOAUIU 20 MKT aHTUTE€HA
p551, copOupoBaHHOTO Ha THUAPOOKHWCH aIOMUHUSA B KadecTBe ambioBanTa (0,5 Mr/mi;
XumcHao-CII6, Poccus) B crepmibHOM (pocdaTHO-coseBoM Oydepe B obmem odoseme 500
MkJ1. [lomydeHHsbIi npenapaT BBOWIIN B IEPEAHIOI0 MTOBEPXHOCTH Oeapa Ha 0, 3 u 7 Hexaene.
BycTtepnyto 103y TOro ke mpemnapara BBOAWIM 4yepe3 19 Hexenb mocie BBEACHUS NEPBOU
n03bl. KOHTpONBHBIM KUBOTHBIM BBOAWIN cMech ¢ocdaTHo-coneBoro Oydepa ¢
aJbIOBAHTOM B TOM k€ 00BbEME B T€ K€ JTHHU.

Ha 27-ii Henene mociie BBeIEHUS MEpBOM A03bl mpenapata BceM OM BHYTpHBEHHO
seoaui 1 ma cycnensun BI'E I'T1 umu BIE I'T3, conepxasiueit 10° ME/Mmn PHK BI'E
(Tabmuma 16).

OO0pa31bl KPOBU JKUBOTHBIX MOJyYalu U3 O€IPEHHON BEHBI Mepe] BBEACHUEM KaxAOu
7036l TIpernapaTta M €KEHENEIbHO B TEUYCHHE MEpPBBIX 9 HeAelb Mocie 3apakeHus. B
ceiBOpoTke KoHTposnmpoBamu ypoBau AJIT, ACT, JIJIT', obmero 6unupyouna, antu-BI'E
IgG u PHK BI'E. JlononautensHbie 00pa3isl KpoBU ObLIM MONTy4YeHbI HA 151 Hepene mocie
BBEJCHUS MIEPBOM 103bI BAKLIMHBI — B CBIBOPOTKE onpeaessuin Hannune antu-BI'E 1gG.

®dexanmuu cobupanu exxenaeBHO U oreHnBany Ha Hamare PHK BTE ¢ 1-ro o 56-i1 nedn

IMOCJIC OKCIICPUMCHTAJIbHOI'O 3apaKCHUA.
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Tabnuna 16 — OObikHOBeHHBIE UTpyHKH, nomyduBinne Oemok p551 BI'E I'T3 OPC2 c
aIbIOBAHTOM WJIM TOJBKO aIblOBaHT W 3apaxeHHble BI'E romomormueckoro I'T3 wnm
rereponoruueckoro I'T1

NmmyHnnsanus 3
apakeHmue,
MH ID Tox Nl Ne2 Ne3 Ned P
’ ’ ’ ’ Henens 27
Henend 0 Henend 3 Henensa 7 Henend 19
AABHOBAHT AABHOBAHT AABHOBAHT AABHOBAHT
AABHOBAHT AABHOBAHT AABHOBAHT AABHOBAHT
OU3* 3018 camen pS51/ pS51/ pS51/ pS51/ BTE T3
AABHOBAHT AABHOBAHT AABHOBAHT AABHOBAHT
AABHOBAHT AIBHOBAHT AABHOBAHT AABHOBAHT
OU5P 3020 camem ambIOBAaHT  aabIOBAHT  aABIOBAHT  AJIBIOBAHT BI'EITI
On6 3019 camen aabOBAaHT  aabIOBAHT  aJBIOBAHT  aBIOBAHT BI'EIT3

o, B, Y — )KHBOTHBIE, MPOMaPKHUPOBAHHBIC OJUHAKOBOW OYKBOW — OJIM3HEIIHI.
4.3.1.9 Bviasnenue PHK BI'E

PHK Bwigensiiun u3 Bcex oOpas3ioB ¢ekanuit u cbiBopoTkn OU ¢ ucnonb3oBaHueM
HabopoB QIAamp Viral RNA Mini Kit (QIAGEN, I'epmanust). BeineneHnyo TOTaabHYIO
PHK ananmuzupoBanu Ha Hanmuuue PHK BI'E meromom OT-IIIP c BbIpOXI€HHBIMU
BIIO)KCHHBIMU TIpaiiMepamu, HaueideHHeiMu Ha obmacte OPC2 [231]. OO6patnyio
TPAHCKPUIIIMIO BBITIOJHAJIM C MCHOJB30BAHMEM BHEIIHETO OOpaTHOro Impaiimepa ¢
ucrnosib3oBanueM Habopa s cuHte3a nepsoit nenu k/JIHK (Cunekc, Poccus). TILIP
MPOBOAMJIA B COOTBETCTBUU ¢ TipoTokojioM [231], mcmoms3ys x5 PCR Mastermix
TagMM+Mg (Cunexkc). UysctBurenabHoctb OT-ITHP coctaBuna 125 ME/mi [239].

Hns onpenenenust renotuna BI'E ammnudunmpoBanusie ¢parmentsl reHoma BI'E
BBIPE3AIM U3 arapo3HOr0 Telid M BBLACISIN HYKJIECHHOBBIC KUCIOTHI C HCIOIb30BAHUEM
nabopa QIAquick Gel Extraction Kit (QIAGEN, Germany) B COOTBETCTBHH C TPOTOKOJIOM
npousBoauTens. [lepBUYHYIO TMOCIEAOBATENBHOCTh HYKJICOTHUIOB OMNpEACNsid  Ha
aBromatndeckom cekBeHatope 3130 Genetic Analyzer (ABI, CIIIA) ¢ ucnonb3oBaHuemM
Habopa BigDye Terminator v3.1 Cycle Sequencing Kit B COOTBETCTBHHM C MPOTOKOJIOM

npousBoautens. IlonydeHHbIe MOCIEA0BATENBHOCTH BBIPABHUBAIM ¢ noMouipio MEGA
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7.0.18 [240]. T'enoTun BHpyca OMPEACISUIA C MOMOIIBIO (DHIOTCHETHIECKOTO aHAIIN3a,
BbinmosiHeHHOTO 711 300-HykineoTuaHbIX mnocieaoBarenbHocTed ydactka OPC2 BI'E
(COOTBETCTBYET HYKIEOTHAHBIM MO3ULMSAM 5996—6295, nymepanus o mrammy M73218) ¢

ATaJIOHHBIMU MOCJEA0BATEIBLHOCTAMU [241].

4.3.1.10 Onpeoenenue anmu-BI'E IgG 6 ummynopepmenmnom ananuse

CeiBopoTku, nonydenusie Ha 0, 3, 7, 12, 19, 27, 28, 29, 30, 31, 32, 33 u 151 Henene
MOCJI€ BBEACHUS MEPBOM 03bl KAaHAWAATHOrO Ipenapara, ACIHIA Ha aJIMKBOTHI, XPaHWIN
npu —20 °C u TectupoBanu Ha Hanumuue aHTU-BI'E IgG B koHme skcmnepumenTa
OIHOBpEMEHHO ¢ wucnonb3zoBanueM Habopa JC-UDA-AHTU-HEV-G (E-151/1.1,
Jlnaraoctuaeckue cuctemsl, Poccwus).

ChIBOPOTKM HAHOCWJIM HA TUIAHIIET B CEPUMHBIX JBYKPATHBIX pa3BelcHUSIX B Oydepe
JUISL pa3BeICHMSI CHIBOPOTOK M3 HaOopa B nuamnaszone pa3senenuit ot 1:10 go 1:10000. UOA
MPOBOAMWIM B COOTBETCTBUHM C MPOTOKOJIOM IPOU3BOAMTENS, 33 HUCKIIOYEHUEM
WCIIOJIb30BAaHUSI  BUAOCMEHM(UUHBIX BTOPUYHBIX AHTUTEN, KOHBIOTUPOBAHHBIX C
nepokcuaazont xpena (A2054, Sigma-Aldrich, CIIIA) B passegenun 1:10000. ITockonbky
sranonueii mpenapatr BO3 mna antu-BI'E (NIBSC 95/584) ocHoBan Ha yenoBeuecKou
CBIBOPOTKE W HE MOXET HCIONb30BaThCA B KadecTBE KamuOparopa u3-3a
BUJIOCTIEIIN(UIECKOTO XapaKkTepa BTOPUUIHBIX aHTuTel, ypoBHH aHTU-BI'E IgG BrIpaxkanu B
Bune TUTpoB B M®PA. OnNrudeckyr IUIOTHOCTh B JYHKAX HM3MEPSJIM C IOMOILIBIO
ianmetHoro ¢goromerpa Multiskan FC (Thermo Fisher Scientific, CIIIA) npu anune
BoJiHbl 450 HM. I[loporoBoe 3Ha4YeHHE ONTUYECKOW IUJIOTHOCTH ISl MOJOMKUTEIbHBIX

00pa3oB ObLIO YCTaHOBICHO HA ypoBHE (0,242 Ha OCHOBaHUH MTPOTOKOJIA MPOU3BOIUTEIIS.

4.3.1.11 Cmamucmuueckuii anaiu3

Cratuctuyeckas OIIGHKAa 3HAYMMOCTH MEXTPYMIOBBIX  Pa3IU4YUi  M3y4aeMBIX
nokasaresnieil Obljia BBIMOJIHEHA B porpaMMHOM obecrieuennn GraphPad Prism 9 (Bepcus
9.1.1) ¢ momomIbI0 ABYX(aKTOPHOTO aucriepcuoHHoro ananuza (2-way ANOVA) mns ACT,
JIAT u OunupyOuHa u Mmojenu cMmemanubiX d¢dextoB nnus AJIT mo npuyuHe OTCyTCTBUSA
JIBYX TOUEK JAHHBIX. Pa3nuyus cunTainuch 3HAYMMBIMU MTPH CKOPPEKTUPOBAHHOM 3HAUECHUU

P <0,05.
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4.3.2 Pe3yJbTaThbl

4.3.2.1 Koncencycnaa amunoxuciomunasa nocieooeamenvhocms OPC2 BI'E I'T3 u

OU3AiIH UMMYHO2€HA 0718 KAHOUOAMHO020 6AKYUHHOZ0 npenapama

Amunokunciotraeie nociaegoBareabHocTH OPC2 BI'E renormnma 3, BbIfeJICHHBIE Ha
tepputopun Poccuiickoit ®Penepanun (GenBank: HM446470, JN204462-JN204467,
JX912474-JX912477, HQ380052-HQ380131, HQ399130-HQ399185, KP144127-
KP144144) Obum BBIPpOBHEHBI, W ObLIa cO37aHAa KOHCEHCYCHAs IOCIEI0BATEILHOCTb,
OXBAaTHIBAIOIMIAsA TMOJOXKEHUS aMUHOKUCIOT 284615 Genka OPC2 BI'E [6]. Bupycnas
MOMYJISIITUS ObLTa OMHOPOAHOM, 88,2% aMWHOKHCIIOTHBIX MO3UIMN OBLTM KOHCEPBAaTHUBHBI.
Yacte mo3unuid B pamkax KoHceHcyca (39/332; 11,8%) mnpoaemoHCTpUpOBaIn
BapuabenbHOCTh; 69% (27/39) u3 HUX ObUTH OJWHOYHBIMH AMHUHOKHUCIIOTHBIMU 3aMEHAMU,
0OHapy>KEHHBIMU B TEHOME OT/AEIbHBIX BUPYCHBIX U30JISITOB B AMUHOKUCIOTHBIX MO3ULIHAAX
060PC2 ¢ 284 mo 615. CpaBHenne koHCeHCYCHOM TTocienoBarenbHOCTH OPC2 1 3TamoHHoM
nocienoBatenbHoctd BI'E I'T3 ¢ mocnenoBarensHocthio BI'E I'T1 (bupma) BeIsiBHIO
XapaKTepHbIE 3aMEHBI B OJJMHHAIIIATH aMUHOKUCIOTHBIX mo3uiusx (L284P, S324T, T354H,
S357G, 1364V, G490N(Asp), V492M, S497T, T517S, S527T, V5711; Pucynok 25). Bee atu
3aMeHbl OBUTM COXpaHEHbl B KOHCEHCYyCHOHW mocnemoBarenbHocTH O0OPC2. N-koHIEBBIC
Bapuabenbubie 109 ak, comepxamue JUAepHYIO mociuenoBatenbHocth U PHK-
cBs3biBatonuii fomen OPC2, ve nyxubie ayia oOpazoBanus BIIY, Obutn ynanenst, u N-
KOHIIEeBast 00y1acTh Oenka ObLIa 3aMeHeHa OCTaTKOM METHOHMHA ¢ jo0aBieHuem 10xHis ans
nanpHeumerr ouuctku Oenka (Pucynok 25). Hykneorunnas mnocneqoBaTenbHOCTh C
ONTUMHU3UPOBAHHOMN JKCIpEcCHel, Koaupyromas noxydeHubii pS51 (Pucynok 25), Obina
nenonupoBana B GenBank nmox nomepom MW799825. CootBercTBytomuii reH p551 Obun

CUHTE3UPOBaH U KJIOHUPOBAH B AKCIPECCHOHHBINA BeKTOp pET3a 11 noaydeHus mia3Muibl

pET3a-ORF2.
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Specles/Abbrv
1. la M73218 Burma
2. 3a_RF082843_HEV-3

M

3. p551

A RuEs RN - HEV g3 DR T U 8 = — = e e o o e e e e e e e o e e e S e e e e e e R e e e e e e e e S e
100

Species/Aborv

1. la M73218 Barra RREEE2BanBrfavasanffpeveBviSRE~A cRRBv N 8RB LRSSV 2 BN v y2r LB 1 B BBERE T v 2 BEAB Ry 2 BvRVaARABIRYRELVD

2. 3a_AF082843_HEV-3 refnenfanpiEavEeapBErcvepviSaEnr cRr@y L 8T8 L BESvAn RN v yArE P oL GPEENEE I v ATEA SNy 2 BvRyVRANTRYRELVD

5. pos1 suEnannannLfavazaplfaEveBvEBREa cRR @y KBTS B BB RN v yanELfELLp L GBEENE A BB Ny sBy RV VRA IR YRELVE

4 RIS AN HEY g3 DO BT S = = — —— = = e e e e S L e oo o s oo oo oo oo amas
200 299

Species/Abbrv KTNAANNRNNY KK AN A

1. la_M73218 Burma BavEBrar§rErie ORiEEpEEvE N 1 BEEB R vEeB: aBE v IPEER 1 nyREOERREvEEEEvABEEr 8B v cIEBELvEBr N v A LEL

2. 2a AF082843 HEV-3 EavEBvar§rfran 5B E 1 ESE8 R rvErE:ABE v rpEER LR AEHREvEREEvABEEAREE L vuicT nllvvllylllullm.ln
3. p351 BavBByar S Srie OB EECEEvE NS 1 BT vRI LvEEB: ASELy IEEER LA RNBEHREVER 1L
4. Russian-HEV. g3 CONSERBUE = = = e i e e e e e e e e e e e e e e e e e e e e e e R e o e e e m e e e LlL
300 399
Species/mw KAAANNAANNCKNN T RNARN NN TANARN AV AN L AAAN AT AN ARN AR C AN ARNNARST N NANANAN AR AAN AR AN AANAR AN AR ARN AN T AN LA NN Y
1. la_M73218_Burma cracfrErRil e ERRRTRvER  E8E R e R BRE AR~ B B 2B rvrB. - AERRE B8 BRE o o ffr B OfE L §8.BREr v R
2. 3a_AF082643_HEV-3 LBracELErRELE 't BSFARAE BEE~EL R T2 nrruEBLnr IBENEVEEvERErALHorNaffr B8P L1 552 BErr ¥R
3. p551 LBFRLELEFRELE DEEAELETEArBRr KB nrETNEVEEVEREI AL FRLADEL L BB PEEL 1 582880 rvER
4. Fussian_HEV_g3_consensusLBFaLELErRicReBlfRER EABEERE B nBE rukB o AERRE BB vERE T o rli 2B BB PHE - BB BBE -8R
400 499
SpecicsyavhEy A AR AR A AR A A8 h A A S e A A R A v A AN N A e e A e n A A AR e AR A A AR Ak R A e eaaa s heaa a
1. la_M73218 Burma BVY E BfvKLY H H Hx IAIMII[L'H&VVI H Hli H BER FHVLEA vLELELian E “ ﬂiluvw l
2. 3a_RF082843_HEV-3 !vvi Hn me H | I frprpI lLI nver H VLRAHVLIIILIAAH a l NevyYv
3. p551 EvvEalBEERvKLYESVE BrBrarraprHLEESRVvI@BvH 3 rBviRaBBvLiLE.Er2EvERHE v {EE euyv“lvl
4. Russian HEV_g3_consensus Evvl;;“'b'vux.v“z;“lxllAmnlI ILII.&VVL.'YI'IH.“ Bnlkulvuu.vx.|Llx.lulv“llyln“puw“lvl
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SPecies/mrv AANANAACANTANAANNN T ANARNNAN A AAANAN AN A AN KRR N AN N AN N RN T AA AN N AN T AR AN & FANANNARN AN T AN ARA N T LIE
1. la M73218_Barma cviiva§BaBavanfr BHEEvE: B8RS BE 1 B8 v EkEr rvi B RER: Br HEn BEER By D v M REEEHE- - vEEA 2 BuRvarBEvEEE-ErfEvE Eava
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3. p551 rvEvafB2@avarErfSevEBERe 1 8100 §xEr vvLELREK  Br HEABEE R Bre v N NETASH0: L1 ENarBurva1BEvETS - EEEevavEavE
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1. 1a 73216 Barsa veaPHBararcEBEcByEaRanfrfBrcEEcRELEr@Bcar@BEvaBrBRr kukvEREREL
2. 3a RAF082843 HEV-3 VLAPH ALAVL'H meﬁul lecg RILILI CAF |1AILH§LEMEVIE=§HA
3. p351 VLAEHHALRLLI YEARAREFPDFCEECRILELQ8CAF QS IAELORLKMKVEKTRES"

4. Rassian HEV_g3_conasecnaus VLAEBIALAALII ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Pucynok 25 — BripaBauBanue stanonsbix mrammoB BI'E I'T1 (bupma) u BI'E I'T3 (HEV-
3), KOHCEHCYCHOW aMHWHOKHCJIOTHOU mocienoBarenbHocTH OPC2 Ha OCHOBE POCCHICKON
nocnenoBatenbHocty BI'E I'T3  (Russian HEV g3 consensus) W aMUHOKHCIOTHOMU
MOCJIEI0BATEIFHOCTH MMMYHOT€HA, TIOJyICeHHOTO B X0JI€ TaHHOU padoTh (0emok p551)

4.3.2.2 Ilonyuenue u ouucmka pexomounanmnozo 60PC2 p551

Knerku E. coli BL21 (DE3) tpanchopmupoBanu minazmugoin pET3a-ORF2. Cuntes
Oenka wHAyNUpoBaM u3onponui-B-D-1-tuoramakronupanosugom (UIITI), meneoit
0eNoK moJly4yalid W ouyuiaiu ¢ nmomoinsio Nixt+-xenatHou adduaHONU XpomaTtorpaduu c
MOCJIETYIOIINM pe(OIIMHIOM C UCTIOJIb30BAHUEM JTUHEHHOTO rpaiueHTa MoueBUHBI 6—0 M.
@pakunn a"Hanu3upoBanu ¢ nomomblo SDS-ITAAI ¢ okpammBanuem Kymaccu R-250.
b0 oOHapyskeHo, 4yTo (hpaKkIMK AMIOIUU COAEPKAT OEOK C MOJEKYJISIPHON Maccon ~61
k/la, cooTBeTCTBYIOMIEH OXKUAaEMON MOJIEKYIsipHO Macce pS51 (Pucynok 26A), KoTopsiid

okpammuBaics antutenamu npotus His-Tag (Pucynok 26b).
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Pucynok 26 — OuncTKa U XapaKTepUCTHUKAa PEKOMOMHAHTHOTO OelKa, MPeCTaBISIONIEIO
KOHCEHCYCHYI0 aMHUHOKHCIIOTHYIO TocienoBarenbHocTh mosumui 110-660 60PC2 BT'E
I'T3 ¢ ocrarkom metronnHa u His-Tag na N-konme (Met-(His)10-aal10-660; p551). 10%
SDS-ITAAT, okpamennsiii Kymaccu R-250, ¢ dpakuusimu, moaydyeHHBIMH MPU OYKCTKE
p551 ¢ momomipio XpoMarorpadudeckoir ounctku Ha Ni-NTA-arapose ¢ aimoupoBaHueM B
rpaJueHTe UMHUaa30Ja: o0beUHEHHBIE (DpaKkIMK MPOCKoKa (Iopoxkka 1), cBs3biBaHus (2),
npoMbIBKH (3), Oydepsl 11 pedonaunra (4—6), oTaenbHbIe Gpakiuu MU mo 250 MK
(7-16) (A); Bectrepu-6mortunr ¢ antutenom npotuB His-Tag [GT359], koHbprorupoBaHHBIM
¢ mepokcuaaszoi xpeHa. OobeauHeHHbIE PpaKIUU MPOCKoKa (Iopoxkka 1), cBa3piBanus (2),
npoMbIBKH (3), Oydeps! ansa pedonaunra (4) u oobequnenusie ppakiuu smouun 10-16 (5)
(b); 10% SDS-ITAAT, oxpamennsii Kymaccu R-250, ¢ ammkBotamu Oenka p551,
xpanuBierocst B reuenue 6 mecsue npu —80 °C (mopoxkka 1), —20 °C (2) u +4 °C (3) (B);
[IpocBeunBaromas anekTpoHHass mMukpodororpadus BIIY, oOpa3oBaHHBIX OYHIIEHHBIM
oenkom p551, ¢ okpammBanueM ypanunarneratom (Macmrad: 100 aMm, yenumaerue: x30000)
(I). Hudpamu cnpaBa 0003HAYEHO MOJOKEHHE MapKepa MOJIEKYJSpHOM Macchl Oenka
(Thermo Scientific, # 26617), a cTpenkoi cieBa — mojoxeHue pS51

[Tpu xpanenuu 6enka pS51 B pocdarHo-comeBom Oydepe nmpu temneparype 10 +4 °C B
TEUEHHE HE MEHEe 6 MECAIIeB CYIIECTBEHHOH AeTrpaganuu He Ha0moaanock (Pucyrok 26B).
DJEKTPOHHAsT MUKPOCKONMS IOKa3zajia, 4TO OYMINEHHBIM pSS51 mocne auanusa NpoTHB

docdarro-coneBoro Oydepa odpazossiBan BITU (Pucynox 261).

4.3.2.3 Oyenka cneyuguueckoii UMMYHO2EHHOCHU U RPOMEKMUGHOU akmugnocmu p551

Ha MoO0enu 00bIKHOBEHHBIX UZPYHOK
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MIMMyHOr€HHOCTb U IPOTEKTUBHYIO akTUBHOCTH BITY, o6pa3oBanHbIX pS51, onjeHMBanu Ha
OU. Jlnsa storo tpu mnapsl OimsHenoB OU (n=6) ObumM pacmpeneieHbl MeXAy IpylnamMu B
COOTBETCTBUU C OJM3HENIOBEIM au3aitHoM uccienoBanus (Tabmuna 16). Uersipe OU momyuwim
10 YeThIpe UHbEKIMHU PS5 ¢ rMAPOOKKCHIO aTlOMUHUS B KauecTBe aabtoBanTa Ha 0, 3, 7 u 19
Hezmene. JlBa KOHTPOJIBHBIX J>KMBOTHBIX MOJNYYWJIM Mpemapar muranebo (cmech ¢ocharHo-
coJieBoro Oydepa ¢ aploBaHTOM) B TOM ke 00beme B Te ke auu (Tabmmma 16). Ha 27 nenerne
MoCJie BBEJICHMs TIEPBOIl J03bI Mpernapara (depe3 8 HeAelb Mocie MOCiIeAHe MMMYHU3aI1N)
KUBOTHBIM BHyTpuBeHHO BBOAWIM BI'E I'T1 wum I'T3 (10° ME PHK BI'E Ha uBOTHOE;
(Tabmuma 16).

V¥ Bcex BakiuHupoBaHHbIXx OW k 3-i1 Henene mocie BBEACHUS MEPBOM J103bl BaKIIMHbBI
BoIpaboTamuck cneunpuyeckue antu-BI'E IgG. CI'T mocrBakumuansabix antu-BI'E IgG
gocturian nukoBoro tutpa 1:1810 mocne Bropoit ummynunzanuu (Pucynoxk 27, Tabnuma 17). B
ChIBOPOTKaX KpOBU KOHTPOJIbHBIX KUBOTHbIX aHTHU-BI'E IgG orcyrctBOBayin 10

AKCIIEpUMEHTANIBHOTO 3apaxenus (Pucynok 27, Tabnuua 17).

19290 = @ Mnauebo (n=2)
5120 o © CITID@ ® ¢ p551 (n=4)
2560 -

1280 = (o] @ =) @@ @

320 = @ © (@]

160 —

Tutpsbl auTu-Br'E IgG

80 =

20 -

T T T T T Henenu nocne
nepsov MMMyHMU3auum
Pucynok 27 — Tutpsl antu-BI'E IgG B MDA B criBopoTke OW, HMMYHU3HPOBAHHBIX
pekoMOMHaHTHBIM OenkoMm p551 (n=4) wunum nonyuyuBmIMX Manedbo (n=2), mocie
nMMmyHH3auuu U 3apaxenus BI'E. Ummynuzanuu, nposeaennsie Ha 0, 3, 7 u 19 Henene,
0003HaYEHBI YEPHBIMU CTPEIKAMH. JDKCIEPUMEHTAIbHOE 3apakeHne 0003HAUECHO KPACHOU
ctpenkoil. Cuaue Kpyru npeAacTtaBisitoT ypoBHU aHTU-BI'E I1gG y )KHUBOTHBIX, OTyYaBIIAX

wiane6o (n=2). OpamxeBble Kpyru npeactaBisaioT ypoBHu aHTU-BI'E IgG y XuUBOTHBIX,
nonyuuBmux pSS51 (n=4). ['opuzonTtansusie muHuN npeactasisior CI'T
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Yepes nHenemo mnocne 3apaxeHuss BI'E tutpel antu-BI'E IgG y Bcex >XKMBOTHBIX,
nonyuuBux pS51, noseicuuce A0 1:5120. Cpenunii tutp antu-BI'E IgG y KOHTpOJIBHBIX
AKUBOTHBIX TIOBbIcHIICS ¢ 1:113 Ha 1-i Henene mocne 3apaxkenust 10 1:5120 na 2 nenene
nocine 3apaxenus (Pucynok 27, Tabmuna 17). K 33 Henene mociie BBeICHUS MEPBOM J103bI
BakIuHbI (6-51 Henens nmocne 3apaxkenus), CI'T antu-BI'E IgG y »XMBOTHBIX, TOTY4YHBIINX
pS551, camsuics Ao 1:2560 u ocraBasncs Ha 3ToOM ypoBHE Oosiee nByX JieT (10 124-it negenu

MOCJIE 3apaKEHUs).

Tabnuua 17 — Turpel autu-BI'E IgG B8 UDA B ceiBopotke OU, MMMyHH3UPOBAHHBIX
pekoMOMHaHTHBIM OenkoMm p551 (n=4) wunum nonyuyuBmIMX TManedbo (n=2), mocie
MMMYyHU3aIuu U 3apaxxenus BI'E

Kusotnsle (ID, nmosa)

IMoayunBIime IMoayunBime
p551 (n=4) mianedo (n=2)

4519 4537 3018 4516 3020 3019
camen caMKa camen caMKa camen caMmen

o B o} Y B Y

JlHu mocJie BBeIeHNS MEPBOii 103bI
IMpouenypa
Henesnu mocjie BBeeHUs MEPBOii 10351
Henenu nocJie 3apasxkenust

0 Hoza 1 0 0 0 0 0
24 Hoza 2 3 320 160 160 160
52 Hoza 3 7 1280 1280 1280 5120

S O o O
S O o O

84 12 1280 1280 320 1280
131 Hoza 4 19 320 320 320 1280 0 0

3apaxenune 3apaskenue 3apakenue 3apakeHue |3apajkeHHe 3apaskeHHue
BIEI'T1T BIEIT1T BIEIT3 BIEIT3 | BTEITI BIEIT3

194 28 1 5120 5120 5120 5120 80 160

188 3apaxenue 27 0

201 29 2 5120 5120 5120 5120 5120 5120
208 30 3 5120 5120 5120 5120 5120 5120
215 31 4 5120 5120 5120 5120 5120 5120
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222 32 5 5120 1280 1280 5120 5120 1280
229 33 6 5120 1280 1280 5120 5120 1280
1058 151 124 5120 1280 1280 5120 5120 1280

o, B, Y — XKMBOTHBIE, MPOMapPKUPOBAHHBIC OJIMHAKOBON OyKBOW — Onm3HeNbl. PazBeneHue
Bunocnenudpuyeckoro koubtorata — 1:10 000. OIT xput. = 0,242.

O6pasnb! hexanuit Bcex OU cobupanu exxeTHeBHO U aHATU3upoBany Ha Hamane PHK
BTE ¢ nomomipio OT-IILP. B pexanusax OU 1-4, nonyunsmmx p551, PHK BI'E B Teuenue
BCEro rnepuoja HaOmoaeHus He BbisiBIsach (Tabnuma 18). YV KMBOTHBIX, MOJTYyYHMBIIMX
wiane6o, PHK BI'E BrisBisinacek B dpekanusax Ha 2—6-it nenene (OUS, 3apaxxenne BI'E I'T1)
u Ha 2-3 uenene mocne 3apaxenus (OM6, BI'E I'T3) (Tabmuua 18). CexBeHupoBanue
MOATBEPUIIO, YTO TeHOMHBIE nocaeaoBarensHocT BI'E, Boinenennsie u3 dexanuit OU B
KOHTPOJIBHOM ~ Tpynme,  COOTBETCTBOBAJIM  BHpPyCaM,  HMCIIOJb30BAHHBIM  IpHU
SKCIIEpUMEHTaNbHOM 3apakeHun (Homepa GenBank jamsa  mocnemoBaTenbHOCTEH,
BBIJICJICHHBIX U3 MHOKYJIATA/(heKalnii mociie KOHTpoasHOTro 3apaxkenus: [OUS, BIEI'T1 —
MZz028013/MZ028014], [OHU6, BI'E TIT3 — MZ028015/MZ028016]). B
nocnenoatenbHoctd OPC2 BI'E I'T1, Beiaenennoit u3 dexanmuit OMS nmocne 3apaxkeHus,
HaO0JII0ANTMCh HECKOJIBKO HYKJIEOTHUIHBIX 3aMEH OTHOCUTENBHO nocnenoBaTenbHoct OPC2
HMHOKYJIsiTa BUpyca, a uMeHHo 930C>T, 954T>G, 981T>C, 999T>C, 1005G>A, 1029C>T,
1047C>T, 1056T>C, 1162A>T. HecuHonumuyeckass HykjieoTuaHas 3ameHa 1162A>T
npuBena K amuHokucinoTHoM 3ameHe [388F. I'enomuast mocnenoBarensHocth BI'E T'T3,
BbiienieHHas u3 (Qekanuit OU6, He coaepxana HYKICOTHAHBIX 3aMEH B MpeJenax
uccnenoBannoro gpparmenra OPC2.

CornacHo pesynbratam OT-IILIP B ceiBopoTtke kpoBu OU, mosyuyuBmux pS51, u B
koHTponsHOM rpynne PHK BI'E orcyrcrBoBama B TedeHme Bcero nepuoga HaOIIOACHUS
JUTUTEIBHOCTBIO IEBSTH HEJEb.

B Xxome WMMMyHM3allMM M MOCJIE 3KCIEPUMEHTAIBHOTO 3apaKEHUs HU y OIHOTO
KUBOTHOTO HE OBLIIO OOHApPYKEHO KIMHUYECKUX MpU3HAKOB 3a0oneBaHusi, Bce OU umenn
YAOBIETBOPHUTENBbHOE 001ee COCTOsiHME. bruoxumuueckue nmapameTpbl (YHKIMHM TEUYECHU
(AJIT, ACT, JIAI" u 6unupyOuH) B KOHTPOIBHOU TPYTIE ¥ TPYIIE KUBOTHBIX, TOTYYHBIINX

pS551, He paznuyanuch 10 KOHTPOJIbHOTO 3apaxenus (Pucynok 28, Tabnuma 19).
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Tabnuuna 18 — OOnapyxkenne PHK BI'E B (¢ekamusx OOBIKHOBEHHBIX HIPYHOK,
MOJIYYMBIINX KaHIUJATHRIM BaKIMHHBIN npenapaT pS51 u npenapat mianedo

%
ID :KMBOTHOIO Hepeaun* mocje 3kcnepMMeHTAIbHOT0 3apasKeHH sl
(MMMYyHU3aUM S/ 9eIIEHIK)

4519 (Baxuuna/BI'E I'TT) - - - - - - - — - _

4537 (Baxuuna/BI'E I'TT) - - - - - - - — - _

3018 (Baxuuua/BI'E ['T3) - - - - - - - — - _

4516 (axuuna/BI'E 'T3) - - - - - - - — - _

3020 (rrane6o/BTE I'T1) - - + + + + + - — _
3019 (rmane6o/BTE I'T3) - - + + - - - — - _
* — JloJOXUTENbHBIA pe3ylbTaT CBUJETEIBCTBYET O TOM, YTO MHUHHUMYM B OJHOM H3

00pasIoB, B3SITHIX €KETHEBHO B TECYCHHUE COOTBETCTBYIOIICH Henenu, Obljia oOHapyXKeHa
PHK BTE; otpunarensHblii pe3yiapTaT yKa3blBae€T Ha TO, YTO BO BCeX 0Opasmax,
MOJIYYCHHBIX €KEIHEBHO B TeueHue coorBercrBymomei Henenn, PHK BI'E ne Opuia
oOHapyxeHa.

Yepes 2, 3 u 4 "wenenu nocne 3apaxenuss BI'E y 060ux ®KUBOTHBIX M3 KOHTPOJIHHOM
rpynnsl Habmoaanock nosbieHue yposus AJIT, ACT u JIJAI' B ceiBopoTKe kpoBu (PucyHox
28, Tabauma 19). Cratuctuueckuit ananus nokaszan, uro yposau ACT u JIAI' y OU,
noyly4aBmmx  uiane6o, Obmm  3HaumtenbHO  Bhime  (p<0,05; nByxdakTOpHBIN
ANOVA/monens cmemanubsix 3¢dekroB), uem y OW, nomyuumBmux pS551. YpoBHu
OunrpyOrHa B CHIBOPOTKE KPOBU HE Pa3IMYaINCh MEXKIY HCCIEIyeMbIMHU TPYIIaMU Ha

MPOTSHKEHUU BCero nepuoaa HabmoaeHus (Pucynok 28, Tabmuma 19).
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Kusotnsie (ID, noa, I'T npu 3apakennn)

Tabnuna 19 — buoxumuueckue mnokaszatenu cbiBOpoTkn OU, uMMyHU3HpPOBaHHBIX
pekoMOMHaHTHBIM OenkoM pS51 (n=4), 1 B KOHTPOJIBHOU rpyIime (n=2) mocjae UMMyHHU3aluN

U B TeueHue 8 Henelb nocie 3apaxeHus BI'E

(rr/9rrowdn) HHQAduirng TH v Tt 8’1 Tt L1 Tt Tt
) m - ] (/' ew) 10 0691 0+vCC 00T  0.89 0€8C 01T 09LT 0961
w M & 5= (r/ry) LDV 816 9¥IT  ¥'8  €88C LE€ET  L8L  ¥H0I 001
g o (r/Yq) LI'V Te 6'¢ 8'C LSt '8 0C Sl €T
. (r/9rowdW) HugAdurrng TH €1 91 €1 01 60 L'l 7'l
= w = g = (r/vq) I 0€8l 0991 068C O0SIy 016 06vl 0S8  06L
& m ~ (r/ry) LDV L99 169 186 890l TIS 6€9 069 €96
(r/ry) LICV I'l 90 L't 79 T'H I'l 81 €1
(rr/9rrowdn) HHQAduirng TH v 01 Tl 80 Tl L1 01
m mm q (/) J0I1° 0921 169 0911 0LL 0SST 0LTI 06ST 080T
v 3= (r/ry) LDV 16 ¥96  ¥'€9 165  v8 659 18 656
(/' ry) LICV T €0 S0 €1 I'L T'H 61 vl
(rr/9rrowdn) HHQAduirng TH 0°¢ 01 9] L0 I'C LT €T
=8 (w7 wg) J001° 0691 0T0€  0%0T 00€E  07T0T OFST  0°STT 091
m o & 5= (r/ry) LDV 608 1'CST  LOL S6El  TSS  0€L T'6I1 #S0I
2 = (1r/0q) LIV 4! 79 1°¢ b6 1°¢ 0C €S S
A (1/qrrowsiw) nugddurng TH 6] L' 80 'l €1 91 81
m .mm m i (1 ey) 10 0€6C OLLT  O0L6 0.9 0091 0.9 0€EI 0¢€6l
<+ 5k (r/ry) LDV 018 668 8%9  0OFE S99  ITS  LOL 806
(/' ry) LICV ST I'C 90 LT 6'C 60 LT 69
(rr/9rrowdn) HHQAduIrng TH v Tt 9] 0C L1 v $'T
m m = (/) J0I° OTLT 06TC 09€T 089 098 0S8 008I 06SI
< 5= (r/y) LDV 898 LOIT 008 1C6 L69 LTL LSOI T86
(r/ry) LICV I'¢ 9t 9°¢ S0 L0 I'l 8'C 9T
suHMXedRE AIrI01 LI % H_ ~ . < v © 0
HUIMBEHHAWINH HOgdaII 31101 91T N bt = < - Q @ A

()

, ¥ — JKMBOTHBIC, TPOMApPKUPOBAHHBIE OJWHAKOBOU

H.Jl. — JIaHHBIC OTCYTCTBYIOT; O, [3

OYKBOW — OJTU3HEIIHI.
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-e- p551 (n=4) -0~ lNnaue6o (n=2)
AnanuHamuHoTpancdepasa (En/n) [0.79-45.33] AcnapratamuHoTpaHcdepasa (Ea/n) [51.24-316.21]
50+ 400~
40~
300+
g ¥ s
E 20+ g 200+
5 10+ <
X 100 e R —— —
0 ~-OmE=— I A
ABA5-1443-12-1190 9 8 7 6 5 4 3 240123 456789  A645144312-11109 8 7 6 5 43 290 12345673839
A Hepens nocne 3apaxexun BI'E B Henenb nocne 3apaxenus BrE
Nakrar aeruaporexasa (ME/n) [134.77-1119.69] O6wwui 6unupybuH (Mkmons/n) [0.03-4.24]
1500— 5=
o
= 1000+ s
3 3 *
L = ——
E 500 E " — =
% 14
A6A5-1443424110 8 8 7 6 5 4 3 21012 3 456789 4651413421110 & 7 6 5 43240123 4567889
B Hepenk nocne 3apaxenus BIE F Hepenb nocne 3apaxenus BIE
Pucynok 28 — buoxumuyeckue mnokazarenu cblBOpoTkrn OW, HMMYyHU3HPOBAHHBIX

pekoMOMHaHTHBIM OenkoM pS51 (n=4), u B KOHTPOJIBHOH rpyIime (n=2) mocjae UMMyHHU3aluN
u 3apaxeHus BI'E. 3nauenns anannaamuHoTpancdepassl (A), acmapraraMuHOTpaHChepasbl
(B), makratneruaporenassl (C) u obmiero ounupyouna (D) mpencTaBieHsl Kak cpeaHee =+
CTaHJapTHOE OTKJIOHeHuE. [IyHKTUpHBIE JIMHUM M 3HAYEHUS B KBAJPaTHBIX CKOOKax
npeacTaBisaioT pedepencusie 3HaueHus ans OU [33]

4.3.3 O0cy:xxknenmne

Pa3pabotka Oe3omacHoi U 3(PQPEKTUBHON BaKIMHBI MPOTUB BHpPyCHOro rematuta E
ABJIIETCS BakHOU TnobanpHoi 3amaueii. ['T1 u 2 BI'E BoigenstoTcs oT HHQUIIMPOBAHHBIX
JIOJIE W BBI3BIBAIOT KPYMHBIC BCIBIIKUA OCTPOW HHPEKIHH ¢ (eKaTbHO-OpaTbHBIM
MexaHu3MoM nepenaud B Asun, Adpuke u Jlatunckoit Amepuke [173]. BI'E I'T3 u 4
MPEUMYIIECTBEHHO CBA3aHbl CO CHOPAAMYECKMMH CIy4YasMH Te€laTUTa B CTpaHax C
yMepeHHbIM KiuMatoM. OmHako Hamu Ob10 moka3aHo, uto BI'E I'T3 mokeT BBI3BIBATH
BCHBIIIKK C BOJHBIM MYTEM IEpefadyd B HEAIHAEMUYHBIX pernoHax [242]. [lepenaua BI'E
I'T3 u I'T4 uepe3 Boamy, a Takxke 4yepe3 ymnoTpeOjaeHue Msica WM CyONpOAYKTOB JUYH B
MPOMBIIIJIEHHO PAa3BUTBHIX CTPaHAaX HEAOOLICHMBAECTCS, YTO OTPAXKAETCA B PA3IUUYMIX B

yacToTe BbIsiBJicHHs aHTuTen K BI'E y nmroaeit B pa3HbIx peruonax [243].
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BT'E mmpoko pacmpoctpaneH Ha Tepputopuu Poccun, mpu 3ToM HaOIIOgaI0TCA
3HAUMUTENIbHBIE PETUOHAIBHBIE pPAa3au4usl 4YacTOThl BhIsABIEHUS aHTuUTen K BI'E cpenn
Hacenenus: ot 2,7% B HoBocuOupckoit obmactu a0 16,4% B benropoackoit obmactu.
[Tokazarenu 4vactoThl BeIsiBIeHUS aHTU-BI'E IgG y nroaeil 3HaYMTENBbHO BO3pacTarT C
Bo3pactoM: ot 1,5% y aereit u noapoctkoB 10 20 net g0 16,7% y mroneit B Bo3pacte 60 et
u crapuie. HaMu moka3zaHo, 4TO M30JISThl BUPYCA, BBIICICHHBIE OT JIIOJEH U )KUBOTHBIX B
Poccun, npeumymiectBeHHO oTHocsaTcs kK ['T3, mpu 3TOM AaHHBIE (DUIOTEHETUYECKOTO
aHaJIn3a CBUJECTEIBCTBYIOT O LUPKYJSLHAA BUPYyCa B CBUHOBOJUECKHX XO3AMCTBAX M €r0
AMU30UYECKON Tiepeaue oM [244].

HecMoTpst Ha IMPOKYIO AHTUTEHHYIO EPEKPECTHYI0 PEAKTUBHOCTD MEXAY T€HOTUIIAMU
BI'E, wucnonb3oBaHWEe MOHOKJIOHAIBHBIX AHTHUTEN TMPOTHB YKOPOYEHHBIX OCIIKOB,
koaupyembix OPC2, momyuyeHHbIX U3 pa3Hbix liTaMMOB BI'E, yka3bIBaeT Ha CyllleCTBOBaHUE
HE TOJBKO MAHTCHOTHIMYECKUX, HO W MTaMMocnernuduaeckux »mutonoB [245]. Kpome
TOr0, CYIIECTBYIOT 3HAYUTEIbHBIE PA3JINUNs B PEAKTUBHOCTH MTOCTBAKIMHAIBHBIX aHTHTEI
c Oenkamu, TOJNyYEHHBIMH Ha OCHOBE IMOCIIEIOBATEIbHOCTEH pa3HbiX reHoTunoB BI'E
YeJioBeKa U JKUBOTHBIX [215]. DTO yka3pIBaeT Ha HEOOXOIUMOCTh OIIEHKU 3PPEKTUBHOCTU
BAKIMH NpoTUB renaruta E Ha ocHOBe KOHKpeTHBIX reHotunoB BI'E B skcnepumenTax c
3apaXECHUEM KakK TOMOJIOTMYECKMMHM, TaK M TeTepojorudeckumMu reHorunamu BI'E.
[Tockombky BI'E T'T3 sBmsercss mpeoOiagaromuM TEHOTHUIIOM BHpPyCa B CTpaHax C
YMEpPEHHBIM KJIMMATOM, B TOM uuciie B Poccuu [246], B X0/1e¢ KOHCTPYHPOBAHUS UMMYHOT€HA
B JIaHHOW paboTe B OCHOBY OBLI TMOJIOKEH KOHCeHcyc mocnemoBatenbHOocTel T3 BI'E,
BbiieNieHHbIX B P®. brmaromaps sTtomy mnomyudeHHBIM pexkomMOuHaHTHBIN Oenok OPC2
MOTEHIIMAIBHO MPUTOJIEH HE TOJIBKO JIJIs pa3paOO0TKHU BAKIUH ISl JTIOJIEH, HO U B KaU4eCTBE
BETEPUHAPHOW BAaKLWHBI, HANpPABIEHHOM Ha caepkuBanue wupkysinuu BI'E I'T3 B
MIOITYJISILIUM CBUHEH.

Pannum ostanam wuccnepoBanuit BI'E  mMemano orcyrcrBHe BOCHPUHMMYMBBIX U
MEPMUCCHUBHBIX KJIETOYHBIX KYJbTYp, HAIOUIMX BBICOKHME YpOXkKauW BHUPYCHBIX YacCTHL,
KOTOpblEe OBUIM pa3paboTaHbl TOJNBKO B TMoOclIeqHue gecsath jer [247,248]. Uz-3a
HEBO3MOXXHOCTH IPOAYLMPOBATH JOCTATOYHOE KOJIMYECTBO BHUPYCHBIX YACTUL[ JUJIS
WHAKTUBAIlMM, pa3paboTKa BakIWH MNPOTHUB Trematuta E ¢ camoro Hayamna Obuia

COCpPEIOTOYCHA Ha MPOU3BOICTBE PEKOMOMHAHTHBIX (hparMeHToB Karcuaaoro oenka BI'E B
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pa3IMYHBIX cucTtemax oJkchpeccuud [206]. MHOXECTBO KaHIMAATHBIX BaKIMHHBIX
npenapatoB Ha ocHoBe 0OPC2 onennBanu Ha CHOCOOHOCTH K caMOCOOpKe, TOCKOJIbKY OBLIO0
nokaszano, yto camocobopka 60OPC2 B BIIY 3HaunTeNnbHO YBENTUYMBAET UMMYHOT€HHOCTD
nony4eHHbIX npenapatoB [200]. benku p495 (ak 112-606), p179 (ax 439—617) u p239 (ax
368—606) obOpazyroT BeICOKOMMMYHOTeHHBIE BIIYU M ObITM HMCTIBITAaHBI B KIMHUYECKUX
uccienoBanusax [198,208,211].

[lepBass komMepuecku nocTymHas BakuuHa npotuB remaruta E (HEV-239) Obuia
ocHoBana Ha pekoMmOumHanTHOM OOPC2 BTE I'Tl1, skcmpeccupoBannom B E. coli. Ero
MMMYHOT€HHOCTb B onysisituu ¢ nupkyssinuei BI'E I'T1 u 4 oueHuBaiu B ucciie1oBaHUSX
IT dazer [211] u dazer 111 [212]. pyroe ucciaenoBanue MoKa3aio, 9TO BaKIIMHA HA OCHOBE
p239 sABIsSIETCS UIMMYHOI€HHOM M XOpOULIO MEPEHOCHUTCS JIIApMHU cTapme 65 ser [249]. B
HACTOSIIIIEE BpEeMs MPOBOMASATCS JIBa KIMHUYECKUX uccaeaoBanus Bakuuasl HEV-239, B Tom
gucie uccienoBanue Oe3omacHocTH | daser B CIIA (NCT03827395) u ucciaegoBanue
6e3omacHoctd U 3pdextuBHocTH IV a3zl y OepemeHHBIX XeHIIMH B banrmanmem
(NCTO02759991). bbio mokazaHo, 4TO YCTOMYMBOCTh MOCTBAKI[MHAIIBHOTO AHTUTEIHHOTO
OTBETa AHAJIOTHYHA TMPOJOIKUTEILHOCTH MOCTHH(EKIIMOHHOTO OTBeTa [214], mpu sTOM
3amuTHBIA AQPEKT coxpaHseTcs B TeueHne He MeHee 4,5 et mocie BakiuHamuu [213].
[Ipenapar HEV-239 HenoctyrieH B OOJBIIMHCTBE CTpaH MHpA, 4TO TpeOyeT pa3paboTku
aJbTEPHATUBHBIX BakIWH NpoTuB ['E.

B manHOM pasmene muccepranuu omucaHa dkcmpeccus B E. coli yaactka 60PC2 BT'E
I'T3 ¢ 110 mo 660 ax (p551), KOTOpBIi, Kak OBUIO TOKA3aHO paHee, CIIOCOOEH K caMOCcOOopKe
B BIIY npu oskcrpeccun B KIeTKax HacekoMbix  [250].  AMHMHOKHCIOTHas
MOCJEeA0BATENbHOCT,  pS51  ocHOBaHA  Ha  KOHCEHCYCHOM  aMHUHOKHUCJIOTHOMU
nocnenoBatenbHocTH wtammoB BI'E I'T3, nupkynupyromux B Poccun. B wactHocTH, 3Ta
MOCJICI0OBATENPHOCTh BKIIOUaeT S-momeH (ak 118-313), koTopelii mMeeT pemiaromiee
3HaueHue Ui crtabunusanuu kamncuna [251], Ho orcyrerByer B HEV-239, co3nannoit Ha
ocHOBe aK 368—606 OPC2 I'T1. Taxxe B cocTaBe aHTHUICHA, CO3JaHHOIO B XOA¢ HAHHOU
pabotel, coxpaHensl C-kouneBbie 54 ak 60OPC2, mMOCKONbKY OHHM MPEANOI0KUTEIHHO
oOecrieunBalOT TMPaBWIBHYIO KOH(popmMmaruio Oenka mius  pacro3HaBanus aHTU-BI'E
aatutenamu [193]. Tlepseie 109 xogoroB OPC2 6butn 3amenensl Ha His-Tag mis ounctku

oenka. His-Tag crmocoOCTBYIOT CEEKTHBHOMY CBSI3BIBAHHIO JKCIIPECCUPYEMOTO Oeka C
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Ni*"-apdunnoii xomoHkoi [252], He BIHMAA Ha €r0 CTPYKTYPY, QOIAUMHT ¥ QYHKIHH K
TTO3BOJISISI TIOJTyYaTh OMOJIOTMYECKH aKTUBHBIN OEJIOK BEICOKOH YUCTOTHI [253].

Cnoco6noCcTh ountienHoro 600PC2 p551 obpazossiBats BIIY omeHnBamy ¢ moMomniso
MIPOCBEUMBAIONICH ANEKTPOHHON MUKPOCKOMUU. B 11e710M 4acTuiibl ObIM HEOJHOPOAHBIMU
10 pa3Mepy, OJHAKO OOJbIIas MX 4acTh umena auamerp 27,71+£2,417 aM, 94TO MO3BOISET
MPEANONI0KUTh, YTO ounteHHbId pS51 cobupancs B BITY. CoGpannsiii B8 BITY Genox Obut
crabunen npu xpanennu npu +4 °C, =20 °C u —80 °C 1o mecTu MecsIes.

Panee mpu OAHOKpAaTHOM HMMMYyHH3AIMH OECHMOPOAHBIX MbIIIEH (CaMIIOB) Halen
rpynmnoi [254] oueHuBasachk ryMmopajibHasi HMMYHOT€HHOCTb pS51 B 9KBUTEpANIEeBTUUECKOM
no3e (20 MKr aHTUTeHa/MJ; COTJIACHO OOIIMM PEKOMEHJAIUAM [0 JOKIMHUYECKUM
WCCIECOBAHUSIM IpEnapaToB). OKCIEPUMEHTHI I[OKa3ajid, 4YTO HUMMyHu3amus pS51
uHAynupoBaia npoaykuuio crnenupuueckux antu-BI'E 1gG y Bcex muMMyHU3HpPOBaHHBIX
KUBOTHBIX [254].

Taxke B JaHHOM pasfene IMPeACTAaBICHbl PEe3yibTaThl OLEHKH Clienu(uueckon
MMMYHOT€HHOCTH U MPOTEKTUBHON akKTUBHOCTH PS51 B akcnepumeHTe no 3apaxkenuto OU
BI'E. OM xopoiio moaXoaaT Jjisi UCCIEAOBAHUN MO OIEHKE MMMYHOT€HHOCTH BaKIIWH,
nockoabKy ux Jokycel MHC kmacca I m MHC knacca Il uMeOT OrpaHMYEHHYIO
M3MEHYUBOCTh [9,61], 4TO MPHUBOAUT K HU3KON MEKHHAMBUAYyATbHOW BapuabenbHOCTU
MMMYHHOTO OTBE€Ta Ha BAaKUHMHHBIE aHTUI€Hbl. Kpome TOro, m3-3a 4acToro poOXACHUS
ONMM3HENOB 3KCnepuMeHTanbHble Tpynnsl O MOTyT OBITH COCTaBIEHBI TaKUM 00pa3oM,
9TOOBl CBECTM K MHMHHMMYMY BIIMSHHME WHAWBUAYAJbHBIX BapHallMi, YBEIUYUBAs CHUILY
aHanM3a, 4To ObUIO OBl KpaiiHe CIIOKHO AJIA IPYTUX BUAOB MPUMATOB. B COBOKYyMHOCTH 3TH
ocobenHoctu OW MO3BONSAIOT MOJMydYaTh BOCIPOU3BOAUMBIE PE3YJbTAaThl OLICHKU
MMMYHOTE€HHOCTH, HECMOTPS Ha OTHOCHUTENHHO HEOOJBIION pa3Mep IKCIEPUMEHTAIbHBIX
rpynn U ayTOpenHbI XapakTep KUBOTHBIX. B gaHHON paboTe OBLT HCMIOIB30BaH
OJIM3HEIOBBIN AU3aiH UCCIIEOBaHUS, B COOTBETCTBUU C KOTOPBIM TpH mapsl O1u3HenoB ON
OBUIM paclpenesieHbl MEXKIY SKCIepUMEeHTalIbHbIMU rpymnnamMu. O B ombITHOM Tpymme
MMMYHU3HPOBAIH YETHIPE pa3a BaKIIMHHBIM MIPENapaToM, MPeICTaBIIomuM coo6oit 20 MKr
pS51 ¢ TUIPOOKHCHIO AIIOMUHHUS B KAueCTBE aJbloBaHTa, a 3areM 3apaxanu BI'E
romosiorndeckoro (I'T3) mmu rereponorudeckoro (I'T1) renoruna B gosze 10° ME PHK.

Nupexnuio KOHTPOIUPOBAIU IMyTEM OLIEHKH JBYX HamOOJee YyBCTBUTEIHHBIX MAapKEpOB
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MH(QEKIUU: BBIICICHHS BUpYyca C KaloM U ypoBHsS cbiBopoTouHbIX aHTH-BI'E IgG. Bouio
MoKa3aHo, yto nMmmyHu3auus BITY p551, nonydennoro Ha ocHoBe I'T3 BI'E, 3amumaer OU
ot ¢popmupoBanus renatuta E mpu 3apaxenun kak BI'E I'T3, tak u BI'E I'T1, B To Bpems
kak y O, nonyuuBmux mianebo, pa3BUBAETCS JIETKOE MOPaKeHUE MeYeHU U Habt01aeTcs
Boiienienue BI'E B dekanusx.

OnuceiBaeMble B 3TOM pasjeiie JUCCEPTAUWU SKCHEPUMEHTHI MO3BOJIWIN MOJYYUTh
nH(OPMAIINIO O HECKOJBKHUX paHee Hem3BecTHHIX acnekrax BI'E-mndexkuun y npumartos.
Bo-niepBbIX, JaHHbBIE, MOJYYEHHbIE HAMH B KOHTPOJIBHOW TIpyIre, mokaszamu, yro OU
BocripuuMunBhl He TOJbKO K BI'E I'T1 [255], Ho m x BI'E I'T3. ¥V 00e3b5H 13 KOHTPOJIBbHOU
rpynnsl, nonydasmux BI'E I'T1 u I'T3, pa3sunacs BI'E-undekius ¢ BoiaenenneM Bupyca ¢
dekanmuamu Ha 2-6- W 2-3-i1 HeAeNsAX MOCIE 3apa)X€HUsi, COOTBETCTBEHHO. (COriacHo
uccinenoBanusm BakiuHbl HEV-239 na makakax-pesycax, mis BI'E I'T1 u 4 skckpenus
BHUpyca ¢ ¢eKalusaMH HauMHAIach 4epe3 | Hemenmto mocie 3apakeHus U MpoJIoJbKajlach B
teuenue 2-5 wuepenb [197]. YV monmeit PHK BI'E oOnapyxuBaercs B (exanusx B
WHKYOaIlMOHHOM TIEPHOJE M COXpaHAeTCs B TEYEHHUE mNpuMepHo 6 Hemenb [256].
YnomsiHyTbIE JaHHBIE COTJIACYIOTCS C HAOMIOACHUSMU, MOJIYYCHHBIMU B JAHHOM pasfelie
st OW, 94TO TONMOJIHUTENBHO MOATBEPKIAAET aJJ€KBATHOCTh MOJEIIH.

Bo-BTOphIX, B XOJ€ MpOBeACHHOW paboThl omucaHa usMeHunBocTh BI'E mpu
MexBuao0Bo nepenadse OU. YcranoBneno, uto mepenadya BI'E I'T1, BwimeneHHOro ot
yenoBeka, OW compoBokIanachk IMOSBICHHEM HYKICOTHAHbIX 3aMeH B OPC2, kak
CUHOHMMHYECKHUX, TAK 1 HECHHOHUMUYECKUX, YTO CBUAETEILCTBYET 00 aJanTainuud BUpyca
K HOBOMY XO3MHY. 3a HaOJI0aeMOW M3MEHUYUBOCTBIO CTOSAT JBE BO3MOXKHBIC JBUKYIIINE
cwibl. CHHOHUMHUYECKHE 3aMEHbl MOTYT OTPa)KaTh Pa3JIMYHOE HCMOJb30BaHUE KOIOHOB
kietkamu O mo cpaBHEHHIO C KIETKaMH 4YelloBeKa. PaHee cooOIaliock O pa3iuyHOM
KCIMOJIb30BAaHUM CHHOHUMUYECKUX KOJIoHOB reHoMa BI'E npu MexBu10BOM nepenaue [257].
Cneunduueckuit oté6op OPC2 ¢ [388F mor ObITh CBSI3aH C YKJIOHEHHEM OT UMMYHHOTO
OTBETa HOBOTO XO3sIMHA. JTa aMUHOKHUCIOTHAs MO3ulus JexuT BHe P-nomena OPC2 (ax
454—606), KOTOPBIA COJMEPKHUT MPEANOIAraeMy0 00JIACTh CBSI3BIBAHHS C PELENTOPOM U
SMUTONBI BUPYCHEUTPAIU3YOIIUX aHTUTEN [ 195], 01HaKO OHA MOYKET HAXOUTHCS B COCTaBe
T-knerounoro snurona. Kpome toro, kinerku OM Moryt mpeacTtaBisiTe B-kieTouHble

OIUTOIIbI, OTIIMYHBIC OT TAKOBLIX Y J'IIOI[GI\/’I. Hackonbko U3BECTHO AUCCCPTAHTY, OTO IICPBLIC
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naHHele o MyTtanumoHHoM mnpoduie OPC2 BI'E npu MexBuaoBOM mepenaue
HEYeJIIOBeKoOOpa3HbiM mnpumMataM. WHTepecHo, uto wuHbpuuupoBanue OU BI'E I'T3,
MOJIYYeHHBIM U3 (DeKanuii CBUHEH, HE COMPOBOXKIAIOCHh KakuMuU-100 3ameHamu B OPC2,
BO3MOYHO, U3-32 KOPOTKOU MPOJOJIKUTEIBHOCTH HHPEKIIUU, TPOAOKABIIECICS BCEToO 1B
Henenu. [TockonbKy B JaHHOM HCCIIEIOBAHUH MCIIOJIb30BAIOCH TOJIBKO CEKBEHUPOBAHHUE 10
CaHrepy, Hellb3s1 UCKIIFOYUTh, YTO BBISBIICHHBIE MyTallUH MPUCYTCTBOBAIM B MHOKYJISITE B
BHJIE MHUHOpHBbIX BapuaHToB. Apnantamus BI'E k OM B kayecTBE HOBOIO XO35iMHA
3aCIIy’KUBAE€T JNAJBHEHMIIEro MW3y4Y€HHUs, BKJIOYasd MOHHUTOPUHI JHHAMUKH BHUPYCHBIX
CyOmomyJsluiA ¢ TOMOIIBIO TITYOOKOTO CEeKBEHUPOBAHUS.

B-tperpux, B manHOM pazzene nokaszaHo, uTo BI'E-undexnus y O u3 KOHTpOIBHOMN
IPYIIBl  MPOTEKAET ¢ MHUHUMAJIbHBIMH NPOSIBICHUSMH, BBISBISIEMBIMU B  BHJIE
KpatkoBpeMeHHoro mnobimieHuss ypoBHen AJIT, ACT wu JIJAI'. Kpome Toro, ypoBHU
MEYCHOYHBIX (EepMEHTOB, HabmomaeMble y 3apakeHHbIX OW U3 KOHTPOIBHOW TPYMIIBI,
OCTaBAJIUCh B Tpenenax peepeHCHbIX 3HAYCHHM AJ 3TOTO BHUJA, T. €. HE yKa3bIBadu Ha
TSOKEIO€ TOpaXEHUE TIEeYeHH, a CKOpee Ha JIeTKWe HM3MEHEHHUS (QYHKIUU TICUYCHH,
aHAJIOTHUYHBIE TeM, KOTOpble HaOmoganuch y OU ¢ HeankoroasHbIM cTeaTorenaTutoMm [258].
OnuceiBacmasi KIMHUYECKash KapThHAa otiaudaercss oT TedeHus y OW  undexuuid,
BBI3BIBAEMbBIX JAPYTMMHU T€aTOTPONHBIMU BUPYCAMH, TAKUMHU KaK BHPYC remnatutra A Wiu
Bupyc GBV-B, 00a u3 xoTopsix Bbi3biBatoT y OU ocTpelii renatut [259]. 310 CyliecTBeHHO
ormyaer OW oT y3KoHOCHIX 00€3bsiH, Yy KOTOpbiXx BI'E-undexums compoBokmaercs
BBIPAKEHHBIM MOBBIIIICHUEM YPOBHS NMEUEHOYHBIX (pepMeHTOB. MHTEpecHOo, 4TO y 00€3bsH
Craporo Csera BI'E I'T1 Bre13bIBaet 60see BeipaxkeHHoe 3a0oneBanue, yem BI'E I'T3 [260].
Y O nabmonaercs nerkoe Teuenue 3abonesanus npu 3apaxkennn kak BTE I'T1, tak u BI'E
['T3, 4TO CcBUIETENBCTBYET O TOM, YTO OHO B IIesioM XapakTepHo s BI'E-undexnuu na
JAaHHOW >KMBOTHOW MOJenHu. XOTS y >KMBOTHBIX B KOHTPOJBHOHN Tpymme HaOII0Janoch
HEKOTOpPOE TIOBBIIICHHE YpPOBHA MEYCHOYHBIX (EPMEHTOB, €ro He HaOMI0AalIoCh Yy
BakiuHupoBaHHbIX OU, uto Hapsay ¢ orcyrctBueM PHK BT'E B exanusx moarsepxaaer,
YTO KUBOTHBIC, TOMy4HBIIHE PS51 ObUIH 3aIIMILEHBI OT BUPYCHOTO renaTtuTta E.

K 3-i1 Henene nmocne BBEACHHUS MEPBOM 103bl BakUMHBI y Bcex OU, nomyuuBmux pS51,
BbIpabateiBanuch cnenuduueckue antu-BI'E IgG. Yposuu antu-BI'E IgG na 124-ii negene

MOCJIe AKCIIEPUMEHTAIBHOTO 3apakeHusl (IByXJIETHEE HAOJII0OJICHUE) OCTABAINCh TaKUMU



164

ke, KaKk W Ha O-U Hemene IMOCJHE 3apaKCHHs. YUHUTHIBas CPEOHIO O0XHAAEMYIO
MPOAOKUTENHHOCTE kU3 OU menee 15 net [61], crabunbupie TuTpel anTH-BI'E 1gG B
TEYEHHUE JABYX JIET HAOIOJEHUS yKa3bIBAIOT HAa BBICOKYIO CTOMKOCTH C(HOPMUPOBAHHOTO
TYMOpPaJbHOIO UMMYHHTETA.

Panee ObUTO BBIABMHYTO MPEANOJIOKEHHE O TOM, YTO OTHOCUTEIBHO HEBBICOKUU
ypoBenb IgG B mmazme kpoBu OU MokeT OBITH HEIOCTATOYHBIM ISl HEUTpaIu3aluu
BUPYCOB, M CII€OBAaTE€IbHO — 3allUThl OT OJKCIEPUMEHTAIBHOTO 3apaxeHus [59].
[IpuBeneHHBIE B JaHHOM pasfeie pe3yiabTaTbl ONPOBEPrarOT 3TO MPEAIOI0KEHUE U
MOATBEPXKIAIOT BBICOKYIO mpuMeHuMOocTh OW s uccnepoBanuii  crienuduueckon

AKTHUBHOCTHU IIPOTHUBOBHUPYCHLIX BAKIINH.

4.4 3akI04eHNe IJIABbI

B nepBoMm paszenie JaHHOW TIJIaBbl OMUCAHO HKCHEPHUMEHTAIBHOE BOCIPOHM3BEICHUS
BT'E-unpexunun Ha OW, a Ttaxke BbIsBIEHUE calWTOB perunkainuu reHoma BITE Ha
pasnu4HbIX cTagusax nHpekuu. C UCrnoib30BaHUEM SJIEKTPOHHON MHKPOCKOIIHNH, a TAaKKe
OT-IIP c nerexuueit mitoc-ienu u Munyc-nienu PHK BI'E B Tkansix OW noaTBepxkaeHo,
YTO MPHU IKCHEPUMEHTAIBHOM 3apaKeHHH, pernkanus reaoma BI'E nmporcxoaut B neuenun
OU, B TO BpeMs Kak IMpeanojarabliasics peruiMKanus B TKaHSIX KHIICYHUKA HE
noATBepAWIack. Kpome TOro, mojiydeHHbIE JaHHBIE MO3BOJWIM MNOATBEPAUTH, yTo OU
ABJIAIOTCS  QJCKBAaTHOM  JaOOpaTOpHOM  MOJENBI0  JUIsl  DKCHEPUMEHTAIBHOTO
BocripousBeAeHus BIE-undexnum, dYro MO3BOIMIO TEPEeHTH K  HCCICIOBAHUSIM
KaHAUJAATHOrO BaKIIMHHOIO Mpernapara npoTus renatura E.

Bo BTOpoM paszgene TriaBbl OMHMCAHBI JKCIEPUMEHTBI, B XOJE€ KOTOPBIX OBLIO
yctaHoBieno, 4yto OW BocnpummuuBbl k 3apaxenuto BI'E T'T1 u 3. BI'E-undexuus
nporekaer y OU ¢ BoigeneHnem Bupyca ¢ peKalusaMu U KPaTKOBPEMEHHBIM MOBBIIICHUEM
YPOBHSI OMOXUMHUUYECKHX MapKEpOB MOpakeHus rematouutoB. Takum obpazom, OU moryt
CIIY)KUTh IIEHHOW MOJIEIBI0 IS ONeHKH 3(G()EKTUBHOCTH KAHAWIATHBIX BAKIIMH MPOTHB
renatuta E, 0COOEHHO B yCIIOBUAX BO3MOXXHOCTH MCIOJIb30BaHUS OJM3HEIIOBOTO AM3aiiHa
HCCIIeIOBAHUM, 00YCIIOBICHHOW OMOJIOTMYECKUMH 0COOCHHOCTSIMU Braa. Bakunamms BITY
p551 OPC2, nonyyeHHoro Ha ocHoBe nocienoBarenbHocTd BI'E I'T3, 3amumana OU ot

3apaxkeHuss kak romosiorndeckum I'T3 BI'E, tak u rereponormueckum I'T1. Kpocc-
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TEHOTUNMYECKAas 3alluTa, UHAYIMpyeMasl BaKIMHHbIM NpenapaTtoM Ha ocHoBe ['T3 BI'E,
CBUJIETENBCTBYET O TOM, UTO €CTECTBEHHBIN UMMYHUTET nocie nnpuuupoBanus BI'E I'T3
MOXXET 0becreunBarh 3aluTy ot Oosiee matorennoro ['T1.

OnucanHbpie B JaHHOW IJIaBE pPE3yJbTaThl OMyOJMKOBaHBI B >KypHanax bromnerens
IKCTIEPUMEHTAILHON Onoyornu U MeauiuHbI [255] n Vaccine [6], a Takke MpeCTaBICHBI
Ha pAle MEXIyHapOoIHBIX KOH(epeHIMH, BkiIoudas KoHpepenuuio Mucosal Vaccines,

Adjuvants and Delivery 2016 Jlozanna, llIBeiinapusi, 14—16 centsadps 2016.
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SAKIIOYEHHUE

Jnst BUpyCHBIX WH(EKIIMOHHBIX 3a00JIEBaHMM, MOPAXKAOMINX JIIOJCH, NPUMATHI
ABJIAIOTCS HanOoyiee aJeKBaTHOW MOJIETBbIO, TO3BOJIIONICH BOCIPOU3BOAMUTH BCE ATAllbl
pa3BuTHs WHQGEKINHU, BKIIOYas MyTh 3apa)K€HHs, MECTa PENpoayKLIHUHd BUPYCa, a TaAKKe
0COOEHHOCTH pa3BUTHs 3a00€BaHuA U (POPMHUPOBAHUS BCEX 3BEHHEB UMMYHHOTO OTBETA.

B xone pabot, onucaHHBIX B AUCCEPTAIlMU, ObUT MPUMEHEH KOMIUIEKCHBIM MOAXO0MA K
PEIICHUIO BaXKHOM HAyYHO-MPAKTHUYECKOW MpoOieMbl — pa3paboTKe JAOCTYyMHOU
7a00paTOPHON  MPUMATHOM MOJEIM JJIT  OICHKH  CHEeNU(PUYECKOM aKTUBHOCTH
MPOTUBOBUPYCHBIX BaKILIHH.

B TI'maBe 1 omucana pa3paboTka MOAXOAOB K JUIMTEIBHOMY Ja0OpaTOPHOMY
comepxanuio W pasBeneHutro OW, ycraHoBineHbl pedepeHCHble 3HAYEHUS OCHOBHBIX
KIMHAYECKUX M OMOXMMHYECKUX T[IOKa3aTele KpOBH, OIICHMBAEMBIX B  XOJI€
JOKJIMHUYECKUX HUCCIEAOBAHUN UMMYHOOMOIOTMYECKHUX MPENapaTroB, a TaKKe MPOBEACHO
TUCTOJIOTUYECKOE OIUCAHUE CTPYKTYpPhl JTUMGOUAHBIX OPraHOB B HOPME M B XOJ€
(dbopMHpOBaHUs OCTBAKIIMHATILHOTO UMMYHHOTO oTBeTa. [lokazano, uto OU, BeipaiieHHbIe
B J1a0OPATOPHBIX YCIOBHSX, HCKIIOYAIOMUX (HOHOBYIO HMH(PEKIHMOHHYIO MaTOJOTHIO,
ABJISIIOTCSL aJICKBAaTHOW MOJEINBIO, MO3BOJISIONIEH € BBICOKHM YPOBHEM JOCTOBEPHOCTHU
XapakTepu3oBaTh  npoduiab  0€30MacCHOCTH U CHENMU(HUYECKONM  aKTUBHOCTHU
MPOTUBOBUPYCHBIX BAKLIMH B X0J€ JOKIUHUYECKUX UCCIICIOBAHHI.

B TI'maBe 2 ommcanpl paboThl MO MOAOOPY KJIOHA aHTHTEN sl neTekiuu IgA B
onomarepuaine, noixydyeHHoM oT OU, a Takke KIOHOB (DIIyOpPECIIEHTHO MEUEHHBIX aHTUTET,
HEOOXOAUMBIX It Au(depeHIInauu CyOnomysiuil TMMGOIMTOB U OLEHKU YPOBHS HX
co3peBaHusl U akTuBanuu. [logoOpaHHbIE KIOHBI AHTUTEN Jajee ObUIM KCIONb30BAaHBI B
METOJMKE OIEHKH CHEHU(PUIECKOTO TMOCTBAKIIMHAIBHOTO T-KJI€TOYHOrO OTBETa B
mumponponudepatuBHOoM Tecte. [lomoOpaHHass mTaHENb AHTUTEN TaKXKE MO3BOJIMIIA
YCTaHOBUTH A0JM crneruduyeckux kiaetounbix nomynsauuid MIIK y uaTaktHRiXx OU 1
OnpenenuTh uX (yHKIUOHAIBHBIA CTATyC, YTO B JIaJIbHEHIIIEM MOXKET ObITh HCIOIb30BaHO
B 9KCIIEPUMEHTAX MO OLIEHKE 3(P(HEKTUBHOCTH HOBBIX MMMYHOOHOJIOTMUECKHX MPENapaToB,
BKJIIOYAsl BaKLUMHBI MPOTHUB BUPYCHBIX U OHKOJIOTMYECKUX 3aboneBaHuii. Bo3MoxHOCTH

MNPOBCACHUA AOKIMHHUYCCKUX I/ICCJ'IeZ[OBaHI/Iﬁ JIOKAJIbHOI'O MYKO3aJIbHOI'O H T-KJI€TOYHOTO
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MMMYHHOTO OTBETa Ha BBEJCHHE MMMYHOOMOJIOTMYECKUX MpernapaTroB Ha JabOpaTOPHBIX
MpUMaTax 3HAYUTEIBHO IMOBBIIAET TPAHCIALMOHHBIA NOTEHUMAT  IOJIYy4YaeMbIX
PE3yIBTATOB.

B TI'nmaBe 3 onucano npumeneHue OW B JOKIMHUYECKHX MCCIEAOBAHUSX JBYX
paspabotanubix B Poccuiickoit ®deneparun BaknuH npotuB COVID-19. Ha ocHoBanumn
JaHHBIX, TOJIYYEHHBIX C ucnoyib3oBanueM OU, ObLI crienad BEIBOA O 0€30MaCHOCTH BaKIIMHBI
KoBuBak, a Takke O ee CHOCOOHOCTH HMHAYHUPOBATH BBIPAOOTKY CHEHU(DUUECKHX
BUpycHeUTpanu3ytomux aHtutrel K SARS-CoV-2, 4To B COBOKYNMHOCTH C JaHHBIMH,
MOJIyYCHHBIMA Ha Ja0OpaTOpPHBIX TPBI3YHAX M KPOJIHMKAX, MO3BOJHIO OOOCHOBAThH
BO3MOXHOCTH nepexoja K [-II ¢aze kmunnueckux uccnenosanuii [42]. Bo BTopom paszzene
IJIaBbl OMHUCAHO NpuUMeHeHue naboparopubix OW B wuccrmenoBaHusx 0€30MACHOCTH U
cnenu(pUYecKod  aKTUBHOCTHM  HMHTPAHA3IbHOW W BHYTPUMBIIIEUHOH  (OPMBI
aJICHOBUPYCHOM BekTOpHOW BakuuHbl mpoTtuB COVID-19 Cnoyrnuk V, a Takxke
MPEACTABICHbl PE3YyJbTaThl M3YYEHHUS JOJITOCPOYHOrO CO3PEBAHUS MOCTBAKIIMHAIBHOTO
UMMYHHOTO oOTBeTa. [lomydeHsl HOBbIE (yHIaMEHTalIbHBIE [aHHBIE O CO3PEBAaHUU
adh(UHHOCTH aHTUTEN y MPUMATOB.

B xome pab6or, ommcanHbix B [7aBe 4, yCTaHOBJIEHO, YTO TMIE€YEHb SBISAETCSA
npeo0aiaImuM caiTom perutnkanuu renoma BI'E mpu skcniepuMeHTansHOM 3apaskeHun
OWU, B TO BpeMs Kak MperonaracmMas peiinkaluys B TKAHIX KUILIEYHUKA HE MTOATBEPAUIACE.
Kpome Toro, noinydeHHbIe JaHHBIE TO3BOJIMIIN MOATBEPANTD, 4TO OU SABISAIOTCS aIeKBaTHOM
71a00paTOPHOI MOJIETBIO JIJIS DKCTIEpUMEHTaIbHOTO Bocnipon3seaeHuss BI'E-undexmun, ato
MO3BOJIMJIO TMEPEUTH K MCCIENIOBAHUSAM KaHJIWJATHOIO BaKUMHHOIO Ipernapara MpPOTHB
renatuta E. Bo BTOpoMm pa3zene riaBbl ONMHMCAaHBI SKCIIEPUMEHTHI, B X0JI€ KOTOPBIX ObLIO
yctanoBJieHo, 4To OU BocipummuuBel k 3apakennto BI'E I'T1 u 3. Baknunarus BITY 6enka
p551 OPC2, nonyyenHoro Ha ocHoBe nocieaoBatenbHocTu BI'E I'T3, 3amumana O ot
3apaxxeHus kak romonorudeckuM ['T3 BI'E, tak u rereponornyeckum ['T1.

PesynbraTel paboTsl pacMpsOT MPeACTaBICHUS O (U3UOJIOTUN UMMYHHOU cucteMbl O,
B YaCTHOCTHU O 3aKOHOMEPHOCTAX (POPMHUPOBAHHSI CUCTEMHOT'O TYMOPAIBHOTO, T-KJI€TOYHOTO U
JOKAJIbHOTO ~ MYKO3aJbHOTO MNPOTHBOBHPYCHOTO HMMMYHHUTETa, a TaKXKe JIOTMOJHSIIOT
MPEICTABICHUSI O JOJTOCPOYHOM CO3PEBAHMU TMOCTBAKIMHAIBHOTO MMMYHHOTO OTBETa Y

IIPUMATOB.
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BbIBO/JbI

Jns  OOBIKHOBEHHBIX HWIPYHOK, POJMBIIUXCS ¥ TIIOCTOSHHO COJEPIKAIIUXCS B
7a00paTOPHBIX  YCIOBHSIX, YCTAaHOBJICHBI pedepeHCHbIE 3HAYEHUS OCHOBHBIX
reMaTOJIOTHIECKIX W OMOXMMHUYECKHX ITOKa3aTeleld KpPOBH, OIEHUBAEMBIX B XOJE

JOKIIMHUYCCKUX I/ICCJ'IC,[[OBEIHI/Iﬁ IMPOTHUBOBHUPYCHLIX BAKIIMH.

Ha ocHOoBaHumM pe3ynpTaToB I'MCTOJIOTMYECKOTO MCCIEIOBAHUS yCTAHOBJIEHA BBICOKAS
CTENEeHb CXOJICTBA CTPYKTYphl JIUM(OUIHBIX OpPraHoB (TUMycCa, CEJE3EHKH,
TUM(pATUYECKUX Y3JI0B) OOBIKHOBEHHBIX UTPYHOK C YEJIOBEYECKUMHU B HOPME, a TAK)KE B

X0ae (1)OpMI/IpOBaHI/I$I MNOCTBAKIIMHAJIBHOIO KMMMYHHOI'O OTBCTA.

Pa3paboTanpl METOIUKN KOMIUICKCHON OIIEHKH CHEHU(PUIECKOT0 MOCTBAKIIMHAIHHOTO
JIOKAJIbHOTO MYKO3aJbHOTO, CHCTEMHOTI'O TYMOPAJIBHOTO U T-KJIIETOYHOTO aIallTUBHOTO
MMMYHHOTO OTBETa y OOBIKHOBEHHBIX WTPYHOK. C WCIIOJIB30BaHUEM IO00PaHHBIX
KJIOHOB aHTUTEN K IIOBEPXHOCTHBIM MapKepaM CyOmomyJsmuii JUMQOIUTOB
OOBIKHOBEHHBIX WTPYHOK YCTAaHOBJIEHO, YTO MOJISI CyOmOmyJsSiuu B-KieTok maMmsTu

CD45"CD20"CD27" B KpoBH JOCTOBEPHO KOPpPEIHPOBalia ¢ BO3PACTOM KUBOTHBIX.

C  wucnonb3oBaHueM  J1aOOpPaTOPHBIX  OOBIKHOBEHHBIX  WUIPYHOK  TOJYYECHBI
MOATBEPXKACHUS O€30MaCHOCTH U CHEIU(UYECKON AKTUBHOCTH HWHAKTUBUPOBAHHOU
HETbHOBUPUOHHON KOpOHaBUPYCHOM BakuuHbl KoBuBak (uHmykums crnenuduaeckux

BUPYCHEUTPATUIYIOLIUX AaHTUTEN).

C  wucnonb3oBaHueM  J1a0OpPaTOPHBIX  OOBIKHOBEHHBIX  WIPYHOK  TOJYYEHBI
MOATBEPXKACHUS O€30MaCHOCTH M CNEeNU(PUUECKOM AaKTMBHOCTH HWHTpaHa3ajbHOU U
BHYTPHUMBIIICYHONU (HOPMBI aI€HOBUPYCHON BEKTOpHOW BakiuHbl nmpoTuB COVID-19
Cnytauk V (uagykuus crnenududeckux [gG, BUpYyCHEUTpanM3yIOUIUX aHTHUTE,

CH@I_[I/I(l)I/I‘IGCKOI‘O T-KJIE€TOYHOTrO U JIOKAJBHOTO MYKO3aJIbHOI'O MMMYHHOTI'O OTBeTa).

VYCTaHOBIIEHO, YTO KakK WHTPAaHA3aJIbHOE, TaK M BHYTPHUMBIIIEYHOE BBEICHUE
OOBIKHOBEHHBIM HTPYHKaM aJ€HOBHUPYCHOW BEKTOpHOM BakiuHbl mpotus COVID-19
CnyTtHuk V mpUBOAWIO K BBIPAOOTKE CHENU(UUECKUX MOCTBAKIIMHATIBHBIX AHTUTEN U

MOCJIEAYIOIIEMY CO3PEBaHUIO MX aQ(HUHHOCTH.
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YCTaHOBIIEHO, YTO B TEYEHUE JBYX JIET IOCJIE BBEACHUSA aJICHOBUPYCHOM BEKTOPHOU
BakIMHbI CIlyTHUK V B CBIBOPOTKE KPOBU OOBIKHOBEHHBIX UTPYHOK , COJIEPIKABIIMXCS B
M30JIMPOBAHHBIX YCIOBUSAX, HEMPEPHIBHO MOBBIIIATUCH TUTPHI BUPYCHEUTPATHIYIOITUX
aHTHUTEINl HE TOJIBKO MPOTUB romojoruyHoro Bapuanta SARS-CoV-2 B.1.1.1 (Wuhan-
Hu-1), Ho Takxe npoTUB reTeposiornunbix BapuantoB B.1.617.2 (nenpta) u B.1.1.529.5

(omukpoHn BA.S), He LMPKyTHPOBABIINX HA MOMEHT BaKI[MHAIMH.

OOBIKHOBEHHBIE UTPYHKH BOCHPHUHMMYHUBBI K JIKCIEPUMEHTAIbHOMY 3apaxeHuio BI'E
Kak reHotuna 1, rak u renoruna 3. [Ipu sxcriepruMeHTaNbHOM 3apaKEHUH F'€HOTUIIOM 1
BI'E pennukanuss BUpyCHOTO reHoma npoucxoauia B neueHn O, mpu 3ToM BHpyC
BBISIBIISUJICS B (PEKaJMsAX, 2 B CHIBOPOTKE KPOBU >KMBOTHBIX HAOIIOAAIOCH MOBBIIICHUE

YPOBHA OMOXMMHYECKHUX MapKCPOB MOBPCIKACHUA IICUCHMU.

Kannunataeiii BakuuHHBIN npenapat p551 Ha ocHoBe 6enka OPC2 BI'E unayuuposain
BbIpaOoTKy cnennduueckux antu-BI'E IgG u 3ammman 0ObIKHOBEHHBIX UTPYHOK OT
renmatuta E 1npu  okcnepumeHTanbHOM  3apaxxeHun BI'E romosmormuynoro wu

reTCpoOJIOrn4YHOro reHoTUIIa.
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HNPAKTUYECKHUE PEKOMEH/JAIINHU

1. YcranoBneHHbIe B X0Jie pabOThI cpenHuii BozpacT caMok OVl Ha MOMEHT IEpBBIX POJIOB,
CpEeIHUN HMHTEpBAI MEXAYy pOAaMH, BBIKHBAEMOCThH JE€TEHBINICH W MUHUMATbHBIN
BO3pACT BKJIIOUCHHUS IKUBOTHBIX B OJKCIIEPUMEHTHI B COBOKYIMHOCTH IO3BOJISIOT
MPOBOIUTH JIOJITOCPOYHOE INTAHUPOBAHHUE YUCIEHHOCTH KoJouuu OU B 3aBUCUMOCTH OT

OKCIICPUMCHTAJIBHBIX 3a1a4.

2. TlomoOpanHblii B X0[€e pabOTHI KJIOH aHTUTEN Uil AeTekuuu IgA B Omomarepuale,
nomydeHHOM oT OMW, a Takxke KIOHBI (IYyOPECHEHTHO MEYEHHBIX aHTHUTE,
HeoOXomuMbIx s auddepennuanun cyonomysuuid auMdornuToB O m oreHku
YPOBHSI MX CO3PEBAaHUS M aKTHUBAIMHM MOTYT OBITh B JaJbHEUIIIEM HCIIOJIH30BAHBI IS
OIICHKH aHTUTEH-CIEeNUPUIECKOro T-KIETOYHOTO U JIOKATBHOTO MYKO3aJIbHOTO OTBETA
Ha BBEJCHWC KAHAWJATHBIX MPOTHBOBHUPYCHBIX BAaKIMH, BKIIOYAs BaKIIMHBI HOBOTO

nokoJieuust Ha ocHoBe MPHK.

3. 3aKIIOYHUTEIbHBIE JTAIbI JTOKIIMHUYECKUX HUCCJICIOBAaHUMN crienupuIecKon
MMMYHOT€HHOCTH W MNPOTEKTUBHOW AKTUBHOCTH KAHJAWJATHBIX BAaKUWH IPOTHUB

BUpycHOro renatuta E nenecoobpasno npoBoauts Ha taboparopasix OU.
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NEPCHEKTUBBI JAJBHEMWINEN PA3SPABOTKH TEMBI

HanpHelimas ounenka BocnpuuMuuBoctd OWM Kk naToreHam, akTyallbHBIM IS

Poccuiickoit ®eneparuu, BKItouas BUpyc remnatuta B u apOoBupychl.

Pa3paboTka meTonuK oOlLleHKH OuopacmpeneneHus Ouomonekyn B opranuzme OU ¢
IETBI0 pa3pabOTKU MPUMATHOW MOJENH ISl OICHKH A((PEKTUBHOCTH M 0€30TaCHOCTH

IFCHOTCPANICBTHUYCCKUX IIPCIIapaTOB U BAKIIMH HOBOI'O IOKOJCHHA.

Pa3paGoTka mabopaTopHBIX MoOJENeH i HW3Y4YEHUS XPOHUYECKUX BUPYCHBIX
uHpekuii, aktyanbHbIX sl Poccuiickoit ®enepanuu (XpOHHYECKUI BHUPYCHBIN

renatut B, sHTepoBUpyCHBIE HH(EKIINN), HcTOTb30BanneM OU.

Pa3paboTka meToauk oreHKH 3(P(HEKTUBHOCTH U 0€30MMaCHOCTH T'€HOTEPANIeBTHICCKUX

npenaparoB ¢ ucnois3oBanuem OU.
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CIIMCOK COKPAIIIEHUM

aK — aMUHOKHCIIOTA;
AJIT — amanmHamMuHOTpaHChepasa;

ACT — acmapraramuHOTpaHcdepasa;

BBPC — OnuKHEBOCTOYHBIN PECTUPATOPHBINA CUHIPOM;

BI'A — Bupyc renarura A;

BI'E — Bupyc renartura E;

BO3 — Bcemupnas opranuszanus 34paBoOXpaHEHUS;

BITY — BupycomnomoOHas 4acTuiia;

JIMEM — cpena Urnma MEM, monudutnupoBannas o [[ynp0eKko;

JNHK — ne3okcuprubOoHyKIIEMHOBAs KUCIIOTA;

THT® — nunykneorunrpudocdar;

NA — mHIEKC aBUJIHOCTH,

HUrna MEM — nutatenbHas cpena Eagle's minimal essential medium;

NDOA — uMMyHOPEPMEHTHBIN aHAIN3;

Jlabopatopuss — JlaGopatopusi MOJETHPOBAHUS WMMYHOOHOJIOTHYECKUX TPOIECCOB C
AKCIIEPUMEHTAIBHON KIMHUKON UrpyHKOBBIX 00€3bsiH OI'AHY «OHIUPUII um. ML.IL
YymakoBa PAH» (MucTUTYT moanoMuenura);

JIAI" — nakratanerugporeHasa;

ME — MexayHapoiHas eqMHHLA;

MIIK — moHoHyKI€eapbl nepudepuyeckoi KpoBH;

HT — nyxnmuotunrpudocdar;

OU — o6weikHOBeHHBIC HTpyHKH (Callithrix jacchus);

OPC — oTkpbITast paMKa CUYMThIBAHUS;

OT — oOpaTHas TpaHCKPHUIILINS;

OT-IILP — monmmepa3Hast rienmHas peakius ¢ 00paTHOW TPAHCKPHIIIUEH;

IIBA — maroreHHbsle OMOJIOTHYCCKUE areHTEHI,

[P — nonumMepasHas uenHas peakuus;

PHK — puGonykienHoBast KHCIIOTA;

PHK BI'E — pubonykienHoBas KucioTa Bupyca renarura E;
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TOPC — TsKenbIil OCTPBIA peCIUPATOPHBINA CHUHIIPOM;

OBbC — (QeTanbHast ObIUbs CHIBOPOTKA;

ACE2 — aHrnoTeH3uHIIpeBpamanmui GepMent 2;

APC — annmoduxonnanuH;

BALT — numdounanas TkaHb, aCCOLIMUPOBAHHAS C OPOHXAMH;

CD — kunactep auddepeHIInpoBKH; TOBEPXHOCTHBIE MAPKEPHI KIETOK;

CFSE — cykumHuMuANIOBEIH 2Qup kapOokcudIyopecienHa;

COVID-19 — koponasupycnas uandexuus 2019 roaa;

Cy — nuanus;

DAPI — 4',6-muamMmuinaO-2 -G eHUITWHION,

DPP4 — munentuauinmentuaasa-4;

FITC — ¢dayopeciemHu30THOIIMAHAT;

FSC — npsimoe cBeTopaccenBaHue;

HEPA — Bo3aymsbiii GuiabTp ¢ BBICOKOA((HEKTUBHBIM YAJICHUEM YaCTHII;
HLA — 4enoBeyeckue JIEUKOIMTAPHBIE AHTHUIEHBI, OPTOJIOTM MOJIEKYJI
KOMILIEKCA TUCTOBMECTHMOCTH;

ID — upentudukatop KUBOTHOTO;

Ig — nmMmyHornoOYyHH;

LSM — cpena st BeiieneHus TUMQOLIUTOB HA OCHOBE mosrcaxapossl 400;
M=+c — cpenHee 3HaueHHe + CTaHIAPTHOE OTKIOHEHHUE;

MERS-CoV — xopoHaBupyc OJMKHEBOCTOUYHOTO PECITUPATOPHOTO CHHAPOMA;
MHC — MoO5€eKybl IIIaBHOTO KOMILJIEKCA THCTOCOBMECTUMOCTH;

Na-3/ITA — HarpueBas coJib STHICHIHAMUHTETPAYKCYCHON KHCIIOTHI;

PE — ¢duxosputpus;

PerCP — nepuanHuH-XI0pO(HILT TPOTENH;

RBD — penenrtop-cBA3bIBalONIN JOMEH;

SARS-CoV — KopoHaBUpPYC TAKEIOr0 OCTPOr0 PECMUPATOPHOTO CUHIPOMA;
SARS-CoV-2 — KOpOHaBUPYC TAKEITOTO OCTPOr0 PECHUPATOPHOTO CUHIpOMA 2;
SSC — GokoBOE CBETOpaCCEUBAHUE;

TPBS — ¢docdarno-coneroit 0ydep ¢ Tween 20.

I'’’TaBHOI'O
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