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MOUCK reHHbIX BapuaHTOB, BIIUAIOLWMNX Ha TsXKeCcTb TedeHusa COVID-
19, Ha OCHOBe pe3ynbTaToB CeEKBEHUPOBAHUA KITMHUYECKOro 3K3omMa
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AHHOTALUA

O6ocHoBaHue. ['eHOTHIT YeoBeKa SBISETCS OJHUM U3 (HaKTOPOB, OMPEICISIOMNX TSHKECTh TEUCHUSI
COVID-19. Panee B mMpoKOMacIITaOHOM IOJHOTCHOMHOM HccienoBanuu acconuanuii COVID-19
HG project (COVID-19 Host Genetics Initiative, 2021) paccMaTpuBanach CBS3b T'€HETHUECKHX
BapHaHTOB, BKJIIOUYAIOIINX MHOXECTBO JIOKYCOB, C TSDKECTHIO TEUCHHS JAHHOTO 3a00JICBaHMS.
Osxkupmaercsi, 9TO TEHETUYECKNE BapHaHThI, OKa3bIBAIOIINE HANOOJbIlee BIUSIHUE HA TSDKECTh TCUCHHS
COVID-19, OyayT uMeTh HU3KYH YacTOTy B MOMYJSIIUH. TakuM oO0pa3oM, H3yYCHHE PEIKUX
BapHaHTOB MOXET JaTh JOTOJHUTEIbHBIE CBEICHUS O MaToreHese 3a0oNieBaHUsS U, CIEJOBaTEIBHO,
MOMOYb B pa3pabOTKe CIIOCOO0B ero NPOPHIAKTUKY U JICUCHUS.

Heas wuccaeqoBaHusi — TMOKWCK TEHOB, OOOTAMIEHHBIX PEAKHMMU TEHETHYECKMMH BapHaHTaMHU,
CBSA3aHHBIMM C TsbKkecThio TeueHusst COVID-19, Ha maHHBIX pOCCHHCKON MOMyJALUU MPH MOMOIIU
PEIUTMKAIlMOHHOT O aHaJu3a.

Metonbl. [IpoBeeHO CeKBEHHPOBAaHHE KIMHUYECKOTO HK30Ma POCCHUCKOW KOTOPTHI MAllMCHTOB Ha
0aze CII6O I'BY3 «lopoackas Oonbamia Ne40» wu CIIOIY. B uccinemoBaHuu HCIIOJIb30BaIM
OuomaTepuan manueHToB, rocrnutanusupoBanHeix B CII0 I'BY3 «l'oponckas GombpHuiia Ne 40» ¢
muarHozom COVID-19, u 310poBBIX JIOZEH, BOIIEANIMX B TPYINTY MOMYJISIHOHHOTO KOHTPOJIS.
Tsokects Tewenuss COVID-19 ompenensuin mo pesyibTaraM KOMITBIOTEPHOH TOMorpaduu JErKuX.
CrUCcoK TeHOB ISl TIOCJIEAYIOIIEH peruTuKannuy Obl1 cQOpMUPOBAH B pe3yibTaTe aHaIn3a JIUTEPATyPHhI.
PerivkaiioHHbINA aHAINU3 TEHOB, aCCOLIMUPOBAHHBIX € TskecThio TeueHuss COVID-19, Obut BBITIOTHEH
C TIOMOIIIBI0 METOJIOB HAarpy3o04Horo Tectupopanus (burden test).

PesyabTathl. [IpoBeneno cekBenupoBanne 701 KIMHHYECKOTO dK30Ma: 263 TAIMEHTOB C THKETBIM
teuernneM COVID-19 u 438 3mopoBbIx IOHOPOB. B pe3ynbrate aHamu3a JIMTepaTyphl ObUIO HaiieHo 18
TCHOB, aCCOLUMHPOBAaHHBIX ¢ THKENBIM TedyennemM COVID-19, xoropsie BOLUIM B PEIIMKAIMOHHBINA
ananu3. OH HE BBISIBUJI T€HOB, aCCOIHAITIS KOTOPHIX ¢ TxENpIM TedenneM COVID-19 nmoarsepaunachk
OBl Ha MccleyeMOl Koropre.

3axmouenue. HecMoTpst Ha TO, YTO T'€HOB, JJIsI KOTOPBHIX OblIa OBl HalijileHa 3HAYMMAasi acCOIMAIUs
MeXy oOoramieHHeM (YHKIIMOHAJIBHBIMM BapHaHTaMHd U TsokecThlo Teuenus COVID-19, ne
00Hapy»KEHO, pacCUMTaHHOE HampaBlieHHE KOPPENSIMOHHON CBS3M COBIAJaeT C JaHHBIMH paHee
MPOBEAEHHBIX HCCIEAOBAHUN. Pacuimpenne uccieryeMoi KOropTel NPUBEAET K YCUIEHHIO MOUTHOCTH
TECTOB ¥, BO3MOXKHO, TIO3BOJIUT OOHAPYKWUTh JOMOJHUTENLHBIE PEJIKHE BAPUAHTHI, BIUSIONIAE HA
TspKecTh Teuenus COVID-19.

KuarwueBble ciaoBa: xopoHaBupycHas uHbekmms; COVID-19; cexBeHupoBaHHE;, SK30M; MyTaIllH;
T'CHBI.
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ABSTRACT

BACKGROUND: Human genotype is a factor that determines the severity of COVID-19. Previously, a
large-scale whole-genome association study of the COVID-19 Host Genetics Initiative (2021)
investigated the association of genetic variants at multiple loci with COVID-19 severity. The genetic
variants that have the greatest effect on COVID-19 severity are expected to have a low frequency in the
population. Therefore, the study of rare variants may provide additional insights into the disease
pathogenesis and thus help in the development of prevention and treatment options.

AlIM: To search for genes enriched for rare genetic variants associated with COVID-19 severity in the
Russian population by replication analysis.

METHODS: The clinical exome of a Russian cohort of patients was sequenced based on the St.
Petersburg State Budgetary Institution “City Hospital No 40” and St Petersburg University. The study
used biomaterial from patients hospitalized at City Hospital No. 40 diagnosed with COVID-19 and
healthy individuals (population control group). The severity of the course of COVID-19 was
determined according to the results of lung computed tomography. The list of genes for subsequent
replication was generated by a literature review. Burden test methods were used for the replication
analysis of genes associated with COVID-19 severity.

RESULTS: In total, 701 clinical exomes were sequenced from 263 individuals with severe COVID-19
and 438 healthy individuals. In the literature review, 18 genes associated with severe COVID-19 were
included in the replication analysis. The replication analysis did not identify any genes whose
association with severe COVID-19 was confirmed in the study cohort.

CONCLUSION: The replication analysis did not identify any genes that showed a significant
association between the functional variant enrichment and COVID-19 severity. However, the direction
of the correlation was consistent with the findings of previous studies. Expanding the study cohort
would increase the power of the tests and allow us to detect additional rare variants that influence the
severity of COVID-19 progression.
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BBEOEHUE

COVID-19 npencrapiser codoii nHpEKIMOHHOE 3a00/IeBaHUE, BHI3BAHHOE KOPOHABUPYCOM TSKEIOTO
octporo pecrmparopuoro cuHapoma 2 (SARS-CoV-2). V GonbmivHCTBA HH(DUIMPOBAHHBIX
HaOJIIOIAl0TCs JIETKOE WJIM yMEpeHHOoe TeuyeHue 3a0osieBanus. OIHAKO Yy HEKOTOPBIX MAI[MCHTOB
COVID-19 mporekaeT B Tsokénoit hopme, Tpedyrorieli okazaHus KBaTU(OUIIMPOBAHHONW MEIUIIMHCKOM
ITOMOIIY B YCJIOBHUSIX CTallMOHApa.

HccnenoBanms mokazanu, 9To Ha TsokecTh TeueHus: COVID-19 u BeposSTHOCTH JIETANHHOTO HCXO0Ja
[MOMHMMO IITaMMa BHUPYCa B 3HAYMTEIbHOHW MEpE BIHUSIOT Takue (HaKTOphbl, KaK BO3PACT, COLMAIbHO-
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SKOHOMHYECKHAN CTaTyC W HAJIMYHE COMyTCTBYMOUMX 3aboneBanuii [1, 2]. OmHako HaGmromaemas
BapuabeapHocTh nporekanus COVID-19 He MoxeT ObITh OOBSCHEHA TOJIBKO 3TUMH (haKTOpamHu.
BocnpunManBocTh K BHpYCY, onpeenseMas kKak BeposTHOCTh pa3sutusa COVID-19 nocne 3apakeHust
SARS-CoV-2, rtaxke mmmpoko BapuabenbHa [3, 4]. Tsokects (DEHOTHIIMYECKHX MPOSBICHUI
M3MEHSAETCS OT OECCHMIITOMHOTO TEUeHHs [0 OCTPOTO DPECHUPAaTOPHOTO IHCTPECC-CHHApPOMA U
JIeTaIBHBIX UCX0M0B [3]. Yike B Hayasle MaHIeMHUH ObLIO OTMEYCHO, YTO TshKENas popMa 3a00IeBaHUs
MOXXET pa3BHUBAThCSA y TMAIIEHTOB MIIQ[IIEe IIECTHAECATH JeT 0e3 KOMOPOWAHBIX COCTOSHUH.
[lomobOubIe citydan WHOTAA HOCAT CeMEHHBINH XapakTep [5], 9TO TMO3BONSET MPEAIIONIOXKHUTH POIh
TeHOTHIIA YeJI0OBeKa Kak (hakTopa prcka.

KpynHomacmiTabHbIe MCCIIeIOBaHNSI TEHETHYECKUX aCCOIMAIIMA, OXBATHIBAIOIINE KaK PEIKHe, TaK H
pacnpocTpaHéHHbIE TEHETHYECKHE BapHUAHTHI, HCIONB3YIOT pPa3HYHBIE CXEMBl [UIsl BBISBICHUS
T€HOMHBIX PETHOHOB, accoruupoBanHbix ¢ COVID-19. [Ipenpimymnine paboThl IO H3YYEHHAIO TEHETHKH
mocuteneit COVID-19 ¢ moMoIns0 MOJTHOTEHOMHOTO TIOMCKa accolanuii (genome-wide association
studies, GWAS) BBIIBHIM P TEHETHYECKUX BAPHAHTOB, CTATUCTUYECKH 3HAYMMO ACCOIMUPOBAHHEIX
1160 ¢ BocpuuMunBocThio K COVID-19, mubo ¢ Tsokectsio ero teuenus [6-10].

BaxxHo ymomsiHyTh, 9TO HAAEXKHOCTH W craTUcTHdeckas MomHocTh GWAS cHimpkaercss mo mepe
YMEHBIIIEHUSI 4acTOTHl BcTpedaeMocTd monuMophusMoB [11]. OnpeneneHue peqxknx TeHETUIECKHIX
BapHamuii MOXKET OBITh YIYYIIEHO C MOMOIIBIO TEXHOJOTHH cekBeHupoBanus [12]. [Ipenmonaraercs,
YTO peIKhe BapHaHTHl MOTYT HMETb OoJiee 3HA4YMTENbHBIE d(PPEeKTH W TOITOMY CHOCOOHBI NIaTh
YHUKAIBHOE TPEICTABICHNE O T€HETHYECKOH IMPenpaclioNoKeHHOCTH K Pa3lUYHBIM OCIOXHEHUSM
COVID-19. HM3-3a reHeTH4YecKOW HEOAHOPOAHOCTH HACENEHUS 3EMHOTO IIapa BaKHBIM ATalioM
M3YyYeHHUsI TEHEeTHYeCKNX (aKTOPOB, CBSI3aHHBIX ¢ MpoTekaHuem 3abomeBanuss COVID-19, sBnsetcs
peIuUIMKanus paHee HaiIeHHBIX aCCOIHMAIINI B IIUPOKOM CIIEKTPE Pa3IHIHBIX TTOMYIISIIHA.

Lenbp wucciaenoBaHuss — TIOWCK T€HOB, OOOTAMIEHHBIX PEIKHUMH TEHETHUYECKHMMH BapHaHTaMH,
CBS3aHHBIMU C TspKecThlo TedeHus: COVID-19, Ha maHHBIX POCCHUMCKOM MOMYJSIMUU NMPU MOMOIIM
PEIUTMKAIIMOHHOTO aHaN3a.

MATEPUAIbI U METOAbI

CEKBEHUPOBAHUE

Brigenenue JIHK n3 menbHON KpoBH BBITIONHEHO METOO0M (peHONBHOU 3KcTpakiuu. KoHneHTparuio
JTHK wusmepsiiu ¢ momoripto Habopa pearenroB QuantiFluor dsDNA System (Promega, CIIIA) Ha
npubope Quantus (Promega, CIIIA). [ToaroroBka GHOIHOTEK MPOBEICHA C MCIOIb30BaHHEM Habopa
30HI0B KiuHKH4eckoro sk3oma KAPA HyperChoice Max 12Mb u nabGopa ajisi TPUTOTOBJICHHS
oubmmorek KAPA HyperPrep Kit (Roche, IllBeiinapus). CekBeHHpOBaHHE METOIOM MAaPHO-KOHIIEBBIX
npourenuii (PE 150) BeimonteHo Ha cekBeHatope HoBoro nokosenust HiSeq 4000 (Illumina, CIIIA) co
CPE/IHUM MOKPBITHEM IIEJIEBbIX PETMOHOB 73X.

NIEHTHOHUKAIINSI BAPUAHTOB 1 AHHOTAIIHS

[Tocnie cekBeHHPOBaHMUS TTOyYEHHbIE TPOYTEHUs OBUIM BBIPOBHEHHI 110 pedhepeHcHOMY reHoMy hg38 ¢
nomotipio porpaMmmbel BWA-MEM2. Jlns koppekiun 6a30BOro KadecTBa, BHIPABHUBAHUS WHCEPITUI
W JIeNenuid, yjAaneHus IyOJIMKaToB, HMICHTH()UKAIMM M TEHOTUIHMPOBAHUS OIHOHYKICOTHUIHBIX
nosmmopdusmos (Single nucleotide polymorphism, SNP), unceprimii u nenenuit Bo Bcex oOpasiax B
coorBercTBuu ¢ pekomeHmauusiMmu GATK Best Practices Obur ucronbs3oBan mHCTpyMeHT Genome
Analysis Toolkit (GATK v. 4.2.4.1). O6pabotky ¢aitoB (*.vcf) nmpoBoamiu ¢ MOMOLIBIO MPOrpamMm
Tabix u BCFtools. Ilocne wpeHTH(HKAMKM BapHaHTOB BBHIOJHEHA WX AHHOTALMS HAa HpPEAMET
¢yHKUMOHANBHOTO BIMsHUS ¢ moMouipto Variant Effect Predictor.

OTBOP rEHOB

OnyOnvKoBaHHBIE PE3YJILTATHl OPUTMHANIBHBIX HCCIIEAOBAaHUN OBUIM HaljeHbl B 0a3ax JaHHBIX
PubMed u Google Scholar mo mouckoBsIM 3ampocam, BKIHOYAMOMIAM PA3IMYHbIC KOMOUHAIIMKM TaKUX
KIIOYEBBIX CITOB, Kak ‘‘genetics”, “genomics” m “SARS-CoV-2”, “COVID-19”. Kpome Toro,
MIpOaHANM3UPOBAHEl OTHAENbHBIE 0030pHBIE cTaThi [13, 14]. IlepedueHp uccinemyemblx T€HOB OBLI
OTPaHUYEH B CBS3HM C OTCYTCTBHEM HEKOTOPBIX U3 HUX B MCIOIH3yEMOM SK30MHOM MMaHEINH.

N CCIELYEMASI TOMYJISINUSI U ®EHOTHIIBI UCXO010B COVID-19

UccnenoBanne mpoBeneHo Ha ©Oaze Caskrt-lIlerepOyprckoro rocyaapcTBEHHOTO —OMOJDKETHOTO
yupexnaeHust 3apaBooxpaHenusi «lopoackas OonbpHuna Ne40 KypoptHoro paiiona» u CaHKT-
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[leTepOyprckoro  TrocyiapcTBEHHOTO ~ YHUBEPCHTETA.  YYACTHUKAMU  SIBISIFOTCS — TMAIMCHTHI,
rocnuranu3upoBanneie ¢ Tsokénoi ¢opmoit COVID-19, u 370poBbIe JIIOIH, BXOJASAIIME B TPYIILY
MOMYJSIIIHOHHOTO  KOHTpourst. Mcmonp3oBanu OmomMarepuan w3 koiutekmum Omobanka CII6 I'BY3
«l"opoxackas 6ompHMIIa Ne 40,

ITUYECKAS DKCIIEPTU3A

Bce nanmenTs! moamnucand MHGOPMUPOBaAHHOE 100poBoJbHOE cornacue. MccnemoBanue omgoOpeHO
skcnepTHbIM coBeToM 10 3THKe CII0 'BY3 «l"oponckas 6onpHuma Ne 40».

HATrPY304YHBIN TEHHBIN TECT

Harpy3ounoe TecTupoBaHHE TNPOBOAWIM ITyTéM OOBEAMHEHUS TEHETHYECKHX BapHAaHTOB B IBa
pa3nuyHbIX Habopa, Ha3bIBaeMbIX Mackamu. [lepBast macka (M1) Bkifouana BapHaHTHI, IPUBOSIIHNE K
notepe GyHkimu, 1 06o3HaueHHbie kKak HIGH IMPACT B 6a3e mannbix Ensembl [15], Bropas macka
(M2) — Bce BapuaHTHI U3 TIEPBOI Mackw, a Takxke BapuanTel MODERATE IMPACT. ITocie Toro, Kak
BapUaHTHl ObUIM OOBEIMHEHBI 110 TeHaM, Ha KOTOPBIX OHHM PACIIONIOXKEHBI, JUIS KaXKI0ro YYacTHUKA U
JUTS KaXK/I0H MacKd TeHaM npucBanBaiy 0amt 0 — mpu OTCYTCTBHH BapHUAHTOB B STOW Macke; Oam 1
— €CJIM y yJaCTHUKA ObUI OMH MM HECKOJBKO FeTEPO3UTOTHBIX BapHAHTOB B 3TOH Macke; W Oamr 2
— €CIIM y YYacTHHKA ObUI OJJMH WJIM HECKOJIBKO TOMO3HTOTHBIX BApHAHTOB B 3TOH Macke. BekTopsr
3THX 0aJIOB MPUMEHSIIN B KQUECTBE MPEIUKTOPOB B MOJIEIISIX JIOTHCTHYECKON PErpecCchy, IJIe TSHKECTh
teueans COVID-19 — 3aBucumas BenmuYrWHA. B MOJENW JIOTHCTHYECKON perpeccud Takke ObLIN
UCTIONB30BaHbl 10 TJaBHBIX TEHETHYECKHX KOMIOHEHT, TIIONy4eHHBIX W3 pacIpOCTPaHEHHBIX
TeHETHYECKMX BapHAaHTOB C 4YacTOTOM BCTpedaeMocTH muHopHoro amwienast (minor allele frequency,
MAF) >1%. Craructuueckas o6paboTka BeimojHeHa ¢ momoiipio Python 3 [16] ¢ ucmons3oBaHreM
oubnmorekn firthlogist, KoppekTHpoBKa peAKNX WM HecOATaHCHPOBAHHBIX COOBITHI TpOBEIEHA
METOJIOM TeHAIH3aIMU TpaBaononoons dupra, YTO MO3BOIMIO TONYYHTh HECMEIIEHHBIC OLECHKH
sddexra. AHanu3 npoBoawin ais BapuaHToB ¢ MAF menee 1%, onpenenéunoii Ha ocHoBe gnomAD
[17]. BapuanTbl, 1uisi KOTOPBIX JOJISi NPOMYLICHHBIX 3HaueHMil mpebimana 10%, ObuTH yaaneHsl U3
aHannM3a. YPOBEHb 3HAUYMMOCTH KOPPEKTHPOBAJIM C TMOMOIIBIO TMONpaBKH boHdepponn Ha
MHO>KECTBEHHYIO IIPOBEPKY THITIOTES.

PE3YJIbTATbI

WUCCHEIYEMAA TOMY AN

Bcero B uccnenoBanue BkioueH Oumomarepuan 701 ucmbITyemMoro, cpead KOTOpbiX 318 sxeHIuH
(45%), cpemHmii BO3pacT KOTOpbIX cocTaBmi 62 roma (+14 net); 383 myxuunusl (55%), cpemHumit
BO3pACT KOTOPBIX cocTaBmwiI 58 neT (14 met). ['pynmna y4acTHUKOB MCCIIEIOBAHUS KaTeTOPU3UPOBAHA
M0 TMOJy, TSHKECTH TeueHus 3aboneBaHus u ucxoay (tadm. 1). Vcmonb3oBaHbl —CIEIyIOIINE
KIIMHUYECKUE U KIIMHUKO-PEHTICHOJIOT'MYCCKUEC KpI/ITepI/II/I:

e gérkoe teuenne COVID-19: temneparypa tena Hmwke 38 °C, cnabocts, 007b B TOpIie, Kalleib,
OTCYTCTBHE ITOKa3aTelIel, CBOMCTBEHHBIX JJII YMEPEHHOI'O U TSKEIIOrO TEUECHMUS;

e ymeperHoe teueHne COVID-19: nanuune nuxopanku, temneparypa tena Boie 38 °C, yacrora
IpIXaHus Oonmee 22 B MHUHYTY, OJbIIIKA, ITHEBMOHUS, mepudepuyeckas KaruisipHas
okxcurenarus (Sp02) <95%;

e Tmmxénoe teuenne COVID-19: wactora npixanust 6omee 30 B munyty, SpO2 <93%; mHIekc
okcurenaiuu  (PaO2/Fi02) <300 ™M pT.CT.; mNporpeccHpoBaHHe W3MEHEHUH B JIETKHX,
xapaktepabix s COVID-19, mHeBMOHMHM; a TakKe TOSIBICHHWE TIPU3HAKOB JIPYTHX
MaTOJIOTUYECKUX COCTOSHUN; U3MEHEHUE YPOBHS CO3HAHMS; HECTaOMIIbHASI TEMOMHAMHUKA.

e kpaiine Tspkénoe Teyenne COVID-19: npusHaku ocTporo pecnupaTopHOro AUCTPECC-CHHIPOMA,
HaJIMYMe CENTHYECKOTo IMOKa U MHOYKECTBEHHAs OpTaHHAasl HeJIOCTATOYHOCTb.
OTOBPAHHBIE T'EHBI

OcHOBHOE BHHUMaHHE OBUIO COCPEJOTOYEHO Ha paHee BBIBICHHBIX ACCOLMAIMSIX W3 Hamboiee
HaA&KHBIX W HHTEPIPETHPYEMBIX HCCIeNoBaHUNA. B pe3ymprate 0030pa JUTEpaTyphl ONpeAeneéH
CIUCOK T€HOB, MOTEHIMAIBHO MOIXOIAIIHNX IS ToCe Ay olei perunkanuu (tadm. 2 [6-10, 18-25]).
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PE3YJABTATBI AHAJIU3A HATPY30UYHLIX TECTOB

Jis yuéra oXHMZAeMO Majoro KOJMYECTBA PEIKUX JICTCPMHHAHTHBIX BApUAHTOB C OONBIIUM
3G PEeKTOM HCMOIB30BATIM HArpy304YHOE TECTHPOBAaHHUE, IMO3BOJIIOUICE YBEIMYUTH CTATUCTUYECKYIO
MOIIHOCTh JIJISl TIPOBEPKU ACCOLHUAIUN MEXKIY PEIKUMU BapUaHTaMU U PA3THUYHBIMU MPOSIBICHUSMU
3a0oneBanus [26]. Ilpu TakoM TeCTUPOBAaHWU KaXKAbI BapuaHT oObeAuHsETCS B Oojiee KpYIHBIE
HaOOphl BapUaHTOB M Jajiee MPOBEpSETCA CBSI3b MEXKAY TpyNIaMH BapHaHTOB M (EHOTHUIIOM
(3aBucumMoii BenuunHO#). Ilpu ucnonb3oBanuu mopora 3Hauumoctu P-value 0,05/(6+18)=0,002 ne
00Hapy»XeHO T€HOB, aCCOUMHPOBaHHBIX C TsbkecTblo TedeHus: COVID-19 B uccnenyemoit koropre
(tabm. 3). IIpu 3ToM W3 pe3ynbTaToOB BbIAeNseTcss TeH TLR3, ypoBeHb 3HAYMMOCTH Isi KOTOPOTO
(p=0,09 no nepBoii Macke) ObUT 3aMETHO HIKE MO CPABHEHHIO C OCTAJbHBIMU reHamH. J[aHHBIA TeH
JIEeMOHCTPHUPYET oOoTalieHle BpeAHBIMU BapuaHTaMH B Tpymmne ciydaeB (oTHomeHue mancoB (OL)
— 13,6). Cpenu ucciienyeMbpIX TEHOB JOMOJHUTEIBHO MOXHO BBIJICIHUTH CIIE JIBa BO BTOPOIl Macke:
MUCS5B u OAS1, k0o3(pHUIHMEHT KOTOPBIX HMEN YpPOBEHb 3HAUYMMOCTH, HamOoJiee ONM3KUN K
MMOPOTOBOMY, CPE/IA BCEX TEHOB BO BTOpOii Macke (¢ p=0,14 u p=0,16 COOTBETCTBEHHO).

OBCYXOEHUE

[lonmy4yeHHble pe3yabTaThl IEMOHCTPUPYIOT OTCYTCTBUE 3HAYMMOW CBSI3H MEXKIY TSKECTHIO TEUECHUS
COVID-19 u oOorameHneM peaKMMU TEHETHYECKUMH BapHaHTAMH B OTOOpaHHBIX TEHAX, HTO
coryiacyeTcs ¢ HEKOTOphIMH pe3yjibraramu u3 wuccienoBanus G. Butler-Laporte ¢ coasr. [27].
B ynomsiHyTOM HCCreqoBaHWM TIPOBEACH aHAJIOTHYHBIA aHanmm3, rAe Ha BBIOOpKe w3 5085 cmyuaer
TsoK€noro 3aboneBaHust u 571 737 KOHTponel TecThpoBain B oOmieil crokHoctn 18 883 Oenok-
Koaupyromux reHa. C UCIONB30BaHHMEM IOPOra 3HAYMMOCTH C IIONPAaBKOW Ha MHOKECTBEHHOE
TECTHPOBaHHE OOHAPY)KEHO TOJIBKO 3 I'eHa, aCCOLIMUPOBAHHBIX XOTs ObI C OJHUM U3 (PEHOTUIUUECKUX
mposinernit COVID-19.

HecmoTpst Ha TO, 4TO HaMH HE HAMIEHO 3HAYUMBIX ACCOLMALMI, W3 PE3YJbTAaTOB BBIACISAECTCS I'€H
TLR3, xoTOpHIii MOKa3an HanOosee BRICOKHA YPOBEHh 3HAUNMMOCTH IO CPABHEHHIO C OCTaIbHBIMU. [Ipu
3TOM oOoramieHue MaTOreHHBIMH BapHaHTaMH HaONI0AaJoch UMEHHO B Ipymme ciydaeB. lIpomykr
3TOr0 TIeHa YYacTBYeT KaK BO BPOXIEHHOM, TaK W B AJAaNTUBHOM HMMYHHOM OTBETE 3a CHET
BbIpaboTku nHTEphepoHoB | u Il tumos. IlanmenTtsr ¢ myranmsamu TLR3 n nedunurom ero npomykra
BBICOKO BOCHPHUUMYHUBBI K JETCKOMY I€pIIECBUPYCHOMY 3HUE(AIUTY, a TAKKE UMEIOT MOBBIIICHHBIN
PHCK Pa3BUTHUS OCTPOrO PECITUPATOPHOIO AUCTPECC-CHHAPOMA ripu rpumnme A [28, 29].

st ocTanbHBIX T€HOB HCCIIEIOBAHMS B3aUMOCBSI3M MEXAY OOOTAIlleHHEM MYTAlMsSIMH U TSHKECTHIO
teueHnss COVID-19 npoaeMOHCTpHpOBaNu pasiM4HbIE HAINpaBiIeHUs Koppemauunu. Hanpumep, nms
rera MUCL1 oOoramenre NaTOreHHBIME BapHaHTaM{ IO MEPBOM Macke OBLIO CMEIIEHO B CTOPOHY
koHTposen (OIL=0,3; 95% AN: 0-5,6). MynuHbBl BBINONHAIOT 3aIIUTHYIO (DYHKLIHIO, MPENOTBpaIias
ces3piBanre SARS-CoV-2 ¢ kiretouHOW MOBepXHOCThIO. OITHAKO TOSBISIOTCS JIOKA3aTENbCTBA, YTO
CBEPXIKCIIPECCHUS PAa3INIHBIX MYLIHHOB KOppenupyeT ¢ TsaxkénbM TeueHrneM COVID-19. Bapuant rena
rs41264915 MUC1, xoTOopblii TPHBOAWT K MOBBIIIEHHON JKCIPECCHHU, ObUT OMHUM W3 HEMHOTHX
3HaunMbIX SNP, cBs3ansbIX ¢ Tsok€npiM Teuennem COVID-19, B kpynHomacmrabnom GWAS [10].
OTO cornacyercsi Takke C JaHHBIMU APYroro MCCIECAOBAaHMSA, KOTOpOE IOKA3alo, YTO YBEJIMYEHHUE
skcnpeccun MPHK MUCL cBsi3ano ¢ KpUTHUECKO# TsbKecThiO 3a00seBanus [30].

AHaNOTMYHBIE 3aKOHOMEPHOCTH BBIABIEHBI s rernoB LZTFL1 (OII=0,9; 95% JAU: 0,1-5,8) u
SLC6A20 (O11=0,8; 95% AU: 0,1-5,9), uTo coriacyercs ¢ MOCIEAHUMHU HCCIEAOBAHUSIMHU, KOTOpPHIE
npeniaratoT reH LZTFL1 B xadyecTBe kaHaMgaTa Ha acconuanuio ¢ TsokénbiM tedeHnem COVID-19
[31]. ABTOpBI MOKa3any, 4to reHeTndeckuii BapuanT 17713054 n3 pananx GWAS nipu apixatensHON
HenocTatoyHocTH, oOycnoBieHHoit COVID-19, sBusercs BapuaHTOM 3HXaHcepHOro motuBa [8, 9],
KOTOPBIN MPHUBOIUT K yBeamdeHuro skcnpeccun LZTFL1 u SLC6A20 [31]. [Ipu 3TOM CTOUT OTMETHTD,
4TO M3 3TUX JBYX TeHoB Tonbko LZTFL1 skcmpeccupyercssi B 3MUTENUANBHBIX KIETKaxX JETKUX.
B xonrekcre wu3ydenusi maroreHeza COVID-19 snurtenuii JE€rkux mnpeacTaBisieT HHTEpEC Ui
MOHWMaHUs MexaHu3MoB 3apaxkeHus SARS-CoV-2. Ilpu wuHQUUOUpOBaHMM €ro  KIETKH
JNEeMOHCTPHUPYIOT TPU3HAKM AaKTHBALMM MEXaHW3Ma SIHUTEIHATbHO-ME3EHXUMAJIBHOIO Iepexojia
(OMII) [31]. MoTentmansro DMII, sBsAIOMMIiCS Pa3HOBUIHOCTEIO UMMYHHOT'O OTBETA, TPETISTCTBYET
pacnpocTpaHeHUI0 MH)EKIUH MyTEM CHUKEHUS KCIIPECCUH peenTopoB 1ist «Bxona» SARS-CoV-2 B
JbIXaTeNbHbIE TYTH W TO3BOJSET B KOHEYHOM MTOr€ BOCCTAHOBUTH TNOpaKEHHBIE TKaHW [32].
UzBectHo, 4yro moBblmeHHas odkcnpeccus LZTFL1 camxaer wunteHcuBHOocTs OMIIL, u  3TO
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MOTEHIIHATBHO OOBSCHSCT acCOIHUAIMIO SHXAHCEPHOTO BapHaHTa ¢ MEHee ONaronmpUsATHBIM UCXOJIOM
[31].

OOorarieHie MaTOreHHbIMU BapHaHTaMH, CMEIIEHHOE B CTOPOHY CJIy4aeB, HAOJIOJANOCh JJIsi TeHa
TYK2, koTOpBIii y4acTByeT B PETYJISIIUN [IMTOKHHOBOTO OTBETA U TIO3TOMY SIBIISIETCS TOTCHIUABLHON
MUIIIEHBIO JIJTSI pa3pabOTKH JIEKapCTBEHHBIX npenaparoB. CoobIianock, yto y nanpentos ¢ COVID-19
skcrpeccus TYK2 cHIDKeHa 110 CpaBHEHHUIO ¢ KOHTpojeM [33].

OrpaHn4eHueM JAaHHOTO HCCIICJOBAHUS SIBISETCS OTHOCHTEIBHO HEOONBIION pa3Mep BBIOOPKH IS
aHanmM3a pEIKUX BapUaHTOB. YUWTHIBAs coMacyomieecs C NPEbIYIIUME HUCCIICTOBAHUSIMU
HaTpaBJICHUE KOPPEISINU, MOXKHO TPEANOIOKHUTh, YTO PE3YIbTAThl MOTYT OBITh PEILTUIIMPOBAHBI C
JIOCTAaTOYHOM 3HAYMMOCTBIO Ha BEIOOPKAX OOJIBIIIETO pa3Mepa.

3AKJITIOYEHUE

[IpoBeneHO cexBeHHMpOBaHUE KIMHHMYECKOro 3k3oMa 701 manuenta. [IpoaHanu3upoBaHbl HayYHBIC
myOJIMKaIMK, B Pe3yIbTaTe 4ero ObLIM OTOOpaHbI 18 Te€HOB, aCCOIMMPOBAHHBIX C TSHKECTHIO TCUCHUS
COVID-19. [Nocneayronmii peruiMKaliMOHHBINA aHaIN3, BHIMIOJIHCHHBIH HAa UCCIICIYyeMOl BBIOOpKE, HE
OoOHApy)XKWJl TEHOB, 3HAYMMO OOOTAIIEHHBIX (YHKIMOHAIBLHBIMA TCHETUYCCKMMU BapHaHTAMH B
IpyIIe cIy4acB WU B rpymme KoHTposs. [Ipu 3ToM HanpaBiieHUEe KOPPEIISILMKA COBIAIACT C BEIBOJIAMHU
13 paHee IOJIYYEHHBIX UCCIEeNOBaHUW. Paciupenue uccieyeMol KOropThl NPUBENET K YCHUIIEHUIO
MOIIIHOCTH TECTOB M, BO3MOXKHO, IIO3BOJUT OOHApPY>KUTh OOJIbIIE 3HAYUMBIX B3aUMOCBSI3CH MEXIY
o0orarieHrueM MyTaIlUsIMU I'€HOB, OIIMUCAHHBIX B JIUTEPAType, U TsoKecThio TeueHust COVID-19.

AONOJNIHUTENbHAA UHOOPMALIUA

HcTounuk punancupoBanus. VccienoBanne BEIIOIHEHO B paMKax npoekra Cankt-IlerepOyprckoro
rocynapctBeHHOro yHuBepcuteta ID 94029859 u npu B3anmonerictBuu ¢ 6azoil PecypcHoro neHTpa
«UenTtp bruobank.

KoH(uiukT MHTEpecoB. ABTOPH! ACKIAPUPYIOT OTCYTCTBHUE SIBHBIX M NOTEHLHMAJIbHBIX KOH(IMKTOB
HWHTEPECOB, CBA3AHHBIX C ITyOJIMKALIMEeH HACTOSIICH CTaThH.

Bkaax astopoB. C.B. Amanbko — KypuUpOBaHHE HCCIEIOBaHUS, cOOp W aHANU3 JIMTEPATYPHBIX
HUCTOYHUKOB, peaaktupoBaHue ctatbu; A.B. HocraeBa — 0030p nuteparypel, cOOop U aHamu3
JUTEPAaTyPHBIX UCTOYHUKOB, POBEACHUE CTATUCTUUECKOrO aHAJIN3a, HOATOTOBKA M HAIIMCAHUE TEKCTa
cratey; B.C. Illumanckuii — Ounoundopmatnueckas obOpaborka manHblx; H.H. Cymennesa —
KypUpOBaHHE HMCCIECIOBaHUs, cOOp M aHANIM3 JIMTEPATYPHBIX MCTOUYHHKOB, PEAAKTUPOBAHHUE CTATHHU;
O.C.IlonmoB—  OuomHbpopmaruueckass  oOpaOOTKa  JaHHBIX,  PEOAKTUPOBAaHHE  CTaThH;
A.}O. AnncenkoBa — cbop u o6paboTka marepuana; C.B. Mocenko — cbop n 06paboTka Marepuaa;
O.C.I'moTOB — KOHUENUUs U [OW3ailH HUCCleloBaHUs, peaakTupoBaHue craTbu; A.M. Capana —
koHenws u nu3aiiH uccnenoanus; C.I. lllepbak — koHmenmus W au3aiiH uccienoBaHus. Bce
aBTOPBI MOJATBEPXKIAIOT COOTBETCTBHE CBOETO aBTOPCTBA MexAyHaponxHbiM kputepusim ICMIJE (Bce
aBTOPbI BHECIIM CYILECTBEHHBI BKJIaJ B pa3pabOTKy KOHLENIMHM, NPOBEACHHE HCCIEIOBAHUS H
MOJTOTOBKY CTaTbi, IPOYIHM U 0ZOOPHIN (PHHATBHYIO BEPCHUIO Mepe] MyOnruKauei).

ADDITIONAL INFORMATION

Funding source. This work was supported by Saint Petersburg State University, project ID: 94029859.
The investigation was carried out in cooperation with the Core facility center "Biobank".

Competing interest. The authors declare that they have no competing interests.

Authors’ contribution. S.V. Apalko — curation, collection and analysis of literary sources, editing the
article; A.V. Nostaeva — literature review, collection and analysis of literary sources, statistical
analysis, preparation and writing of the article; V.S. Shimansky — bioinformatics data processing;
N.N. Sushentseva — supervision, collection and analysis of literary sources, editing the article;
O.S. Popov — bioinformatics data processing, editing the article; A.Yu. Anisenkova — collection and
processing of material; S.V. Mosenko — collection and processing of material; O.S. Glotov — study
concept and design, editing the article; A.M. Sarana — study concept and design; S.G. Shcherbak —
concept and design of the study. All authors confirm that their authorship meets the international
ICMJE criteria (all authors have made a significant contribution to the development of the concept,
research and preparation of the article, read and approved the final version before publication).



I'ennl u kieTku | Genes & cells
OpurunansHoe uccienosanue | Original Study Article
DOI: https://doi.org/10.17816/9c624810
OJIOBPEHA K ITYBJIUKAIINMA | PUBLISHED AHEAD OF PRINT

CMUCOK JINTEPATYPbI

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

COVID-19 National Preparedness Collaborators. Pandemic preparedness and COVID-19: an
exploratory analysis of infection and fatality rates, and contextual factors associated with
preparedness in 177 countries, from Jan 1, 2020, to Sept 30, 2021 // Lancet. 2022. Vol. 399, N
10334. P. 1489-1512. doi: 10.1016/S0140-6736(22)00172-6

Biswas M., Rahaman S., Biswas T.K., et al. Association of sex, age, and comorbidities with
mortality in covid-19 patients: a systematic review and meta-analysis // Intervirology. 2020.
doi: 10.1159/000512592

Wang Y., Wang Y., Chen Y., Qin Q. Unique epidemiological and clinical features of the
emerging 2019 novel coronavirus pneumonia (COVID-19) implicate special control measures //
J Med Virol. 2020. Vol. 92, N 6. P. 568-576. doi: 10.1002/jmv.25748

Fricke-Galindo 1., Falfan-Valencia R. Genetics insight for COVID-19 susceptibility and
severity: a review // Front Immunol. 2021. Vol. 12. P. 622176.

doi: 10.3389/fimmu.2021.622176

Yousefzadegan S., Rezaei N. Case report: death due to COVID-19 in three brothers // Am J
Trop Med Hyg. 2020. Vol. 102, N 6. P. 1203-1204. doi: 10.4269/ajtmh.20-0240

COVID-19 Host Genetics Initiative. A first update on mapping the human genetic architecture
of COVID-19 // Nature. 2022. Vol. 608, N 7921. P. E1-E10. doi: 10.1038/s41586-022-04826-7
COVID-19 Host Genetics Initiative. Mapping the human genetic architecture of COVID-19 //
Nature. 2021. Vol. 600, N 7889. P. 472—-477. doi: 10.1038/s41586-021-03767-x

The Severe Covid-19 GWAS Group. Genomewide association study of severe Covid-19 with
respiratory failure // N Engl J Med. 2020. Vol. 383, N 16. P. 1522-1534.

doi: 10.1056/NEJM0a2020283

The GenOMICC Investigators et al. Genetic mechanisms of critical illness in COVID-19 //
Nature. 2021. Vol. 591, N 7848. P. 92-98. doi: 10.1038/s41586-020-03065-y

Kousathanas A., Pairo-Castineira E., Rawlik K., et al. Whole-genome sequencing reveals host
factors underlying critical COVID-19 // Nature. 2022. Vol. 607, N 7917. P. 97-103.

doi: 10.1038/s41586-022-04576-6

Tam V., Patel N., Turcotte M., et al. Benefits and limitations of genome-wide association
studies // Nat Rev Genet. 2019. Vol. 20, N 8. P. 467-484. doi: 10.1038/s41576-019-0127-1
Taliun D., Harris D.N., Kessler M.D., et al. Sequencing of 53,831 diverse genomes from the
NHLBI TOPMed Program // Nature. 2021. Vol. 590, N 7845. P. 290-299. doi: 10.1038/s41586-
021-03205-y

Niemi M.E.K., Daly M.J., Ganna A. The human genetic epidemiology of COVID-19 // Nat Rev
Genet. 2022. Vol. 23, N 9. P. 533-546. doi: 10.1038/s41576-022-00478-5

Redin C., Thorball C.W., Fellay J. Host genomics of SARS-CoV-2 infection // Eur J Hum
Genet. 2022. Vol. 30, N 8. P. 908-914. doi: 10.1038/s41431-022-01136-4

Howe K.L., Achuthan P., Allen J., et al. Ensembl 2021 // Nucleic Acids Res. 2021. Vol. 49, N
D1. P. D884-D891. doi: 10.1093/nar/gkaa942

Beazley D.M. Python essential reference. 3 ed. Developer’s library, 2006. 625 p.

Karczewski K.J., Francioli L.C., Tiao G, et al. The mutational constraint spectrum quantified
from variation in 141,456 humans // Nature. 2020. Vol. 581, N 7809. P. 434-443. Corrected and
republished from: Nature. VVol. 590, N 7846. P. E53. doi: 10.1038/s41586-020-2308-7

Zhang Q., Bastard P., Liu Z., et al. Inborn errors of type | IFN immunity in patients with life-
threatening COVID-19 // Science. 2020. Vol. 370, N 6515. P. eabd4570.

doi: 10.1126/science.abd4570



I'ennl u kieTku | Genes & cells
OpurunansHoe uccienosanue | Original Study Article
DOI: https://doi.org/10.17816/9c624810
OJIOBPEHA K ITYBJIUKAIINMA | PUBLISHED AHEAD OF PRINT

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Zhang Q., Bastard P., COVID Human Genetic Effort; et al. Human genetic and immunological
determinants of critical COVID-19 pneumonia // Nature. 2022. Vol. 603, N 7902. P. 587-598.
doi: 10.1038/s41586-022-04447-0

Bastard P., Orlova E., Sozaeva L., et al. Preexisting autoantibodies to type | IFNs underlie
critical COVID-19 pneumonia in patients with APS-1// J Exp Med. 2021. Vol. 218, N 7. P.
e20210554. doi: 10.1084/jem.20210554

Shelton J.F., Shastri A.J., Ye C., et al. Trans-ancestry analysis reveals genetic and nongenetic
associations with COVID-19 susceptibility and severity // Nat Genet. 2021. Vol. 53, N 6. P.
801-808. doi: 10.1038/s41588-021-00854-7

Carracedo A., Spanish COalition to Unlock Research on host GEnetics on COVID-19
(SCOURGE). A genome-wide association study of COVID-19 related hospitalization in Spain
reveals genetic disparities among sexes // medRxiv. 2021. doi: 10.1101/2021.11.24.21266741
Roberts G.H.L. Park D.S., Coignet M.V., et al. AncestryDNA COVID-19 host genetic study
identifies three novel loci // medRxiv. 2020. doi: 10.1101/2020.10.06.20205864

Horowitz J.E., Kosmicki J.A., Damask A., et al. Genome-wide analysis provides genetic
evidence that ACE2 influences COVID-19 risk and yields risk scores associated with severe
disease // Nat Genet. 2022. Vol. 54, N 4. P. 382-392. doi: 10.1038/s41588-021-01006-7
Huffman J.E., Butler-Laporte G., Khan A., et al. Multi-ancestry fine mapping implicates OAS1
splicing in risk of severe COVID-19 // Nat Genet. 2022. Vol. 54, N 2. P. 125-127.

doi: 10.1038/s41588-021-00996-8

Mutambudzi M., Niedwiedz C., Macdonald E.B., et al. Occupation and risk of severe COVID-
19: prospective cohort study of 120 075 UK Biobank participants // Occup Environ Med. 2020.
Corrected and republished from: Occup Environ Med. 2022. Vol. 79, N 2. P. e3.

doi: 10.1136/0emed-2020-106731

Butler-Laporte G., Povysil G., Kosmicki J.A., et al. Exome-wide association study to identify
rare variants influencing COVID-19 outcomes: results from the Host Genetics Initiative // PL0S
Genet. 2022. VVol. 18, N 11. P. €1010367. doi: 10.1371/journal.pgen.1010367

Casanova J.L. Severe infectious diseases of childhood as monogenic inborn errors of immunity
/I Proc Natl Acad Sci U S A. 2015. Vol. 112, N 51. P. E7128-E7137.

doi: 10.1073/pnas.1521651112

Lim H.K., Huang S.X.L., Chen J., et al. Severe influenza pneumonitis in children with inherited
TLR3 deficiency // J Exp Med. 2019. Vol. 216, N 9. P. 2038-2056. doi: 10.1084/jem.20181621
D'Alessandro A., Thomas T., Akpan 1.J., et al. Biological and clinical factors contributing to the
metabolic heterogeneity of hospitalized patients with and without COVID-19 // Cells. 2021.
Vol. 10, N 9. P. 2293. doi: 10.3390/cells10092293

Downes D.J., Cross A.R., Hua P., et al. Identification of LZTFL1 as a candidate effector gene at
a COVID-19 risk locus // Nat Genet. 2021. Vol. 53, N 11. P. 1606-1615. doi: 10.1038/s41588-
021-00955-3

Stewart C.A., Gay C.M., Ramkumar K., et al. Lung cancer models reveal severe acute
respiratory syndrome coronavirus 2—induced epithelial-to-mesenchymal transition contributes to
coronavirus disease 2019 pathophysiology // J Thorac Oncol. 2021. VVol. 16, N 11. P. 1821-
1839. doi: 10.1016/j.jtho.2021.07.002

Akbari M., Akhavan-Bahabadi M., Shafigh N., et al. Expression analysis of IFNAR1 and TYK2
transcripts in COVID-19 patients // Cytokine. 2022. Vol. 153. P. 155849.

doi: 10.1016/j.cyt0.2022.155849


http://paperpile.com/b/461QQk/2xWzN
http://paperpile.com/b/461QQk/2xWzN

I'ennl u kieTku | Genes & cells
OpurunansHoe uccienosanue | Original Study Article
DOI: https://doi.org/10.17816/9c624810
OJIOBPEHA K ITYBJIUKAIINMA | PUBLISHED AHEAD OF PRINT

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

COVID-19 National Preparedness Collaborators. Pandemic preparedness and COVID-19: an
exploratory analysis of infection and fatality rates, and contextual factors associated with
preparedness in 177 countries, from Jan 1, 2020, to Sept 30, 2021. Lancet.
2022;399(10334):1489-1512. doi: 10.1016/S0140-6736(22)00172-6

Biswas M, Rahaman S, Biswas TK, et al. Association of sex, age, and comorbidities with
mortality in COVID-19 patients: a systematic review and meta-analysis. Intervirology. 2020.
doi: 10.1159/000512592

Wang Y, Wang Y, Chen Y, Qin Q. Unique epidemiological and clinical features of the
emerging 2019 novel coronavirus pneumonia (COVID-19) implicate special control measures. J
Med Virol. 2020;92(6):568-576. doi: 10.1002/jmv.25748

Fricke-Galindo I, Falfan-Valencia R. Genetics insight for COVID-19 susceptibility and severity:
a review. Front Immunol. 2021;12:622176. doi: 10.3389/fimmu.2021.622176

Yousefzadegan S, Rezaei N. Case report: death due to COVID-19 in three brothers. Am J Trop
Med Hyg. 2020;102(6):1203-1204. doi: 10.4269/ajtmh.20-0240

COVID-19 Host Genetics Initiative. A first update on mapping the human genetic architecture
of COVID-19. Nature. 2022;608(7921):E1-E10. doi: 10.1038/s41586-022-04826-7
COVID-19 Host Genetics Initiative. Mapping the human genetic architecture of COVID-19.
Nature. 2021;600(7889):472—477. doi: 10.1038/s41586-021-03767-x

The Severe Covid-19 GWAS Group, Ellinghaus D, Degenhardt F, et al. Genomewide
association study of severe Covid-19 with respiratory failure. N Engl J Med.
2020;383(16):1522-1534. doi: 10.1056/NEJM0a2020283

Pairo-Castineira E, Clohisey S, Klaric L, et al. Genetic mechanisms of critical illness in
COVID-19. Nature. 2021;591(7848):92-98. doi: 10.1038/541586-020-03065-y

Kousathanas A, Pairo-Castineira E, Rawlik K, et al. Whole-genome sequencing reveals host
factors underlying critical COVID-19. Nature. 2022;607(7917):97-103. doi: 10.1038/s41586-
022-04576-6

Tam V, Patel N, Turcotte M, et al. Benefits and limitations of genome-wide association studies.
Nat Rev Genet. 2019;20(8):467-484. doi: 10.1038/s41576-019-0127-1

Taliun D, Harris DN, Kessler MD, et al. Sequencing of 53,831 diverse genomes from the
NHLBI TOPMed Program. Nature. 2021;590(7845):290-299. doi: 10.1038/s41586-021-03205-
y

Niemi MEK, Daly MJ, Ganna A. The human genetic epidemiology of COVID-19. Nat Rev
Genet. 2022;23(9):533-546. doi: 10.1038/s41576-022-00478-5

Redin C, Thorball CW, Fellay J. Host genomics of SARS-CoV-2 infection. Eur J Hum Genet.
2022;30(8):908-914. doi: 10.1038/s41431-022-01136-4

Howe KL, Achuthan P, Allen J, et al. Ensembl 2021. Nucleic Acids Res. 2021;49(D1):D884—
D891. doi: 10.1093/nar/gkaa942

Beazley DM. Python essential reference. 3" ed. Developer’s library; 2006. 625 p.

Karczewski KJ, Francioli LC, Tiao G, et al. The mutational constraint spectrum quantified from
variation in 141,456 humans. Nature. 2020;581(7809):434-443. Corrected and republished
from: Nature. 2021;590(7846):E53. doi: 10.1038/541586-020-2308-7

Zhang Q, Bastard P, Liu Z, et al. Inborn errors of type | IFN immunity in patients with life-
threatening COVID-19. Science. 2020;370(6515):eabd4570. doi: 10.1126/science.abd4570



I'ennl u kieTku | Genes & cells
OpurunansHoe uccienosanue | Original Study Article
DOI: https://doi.org/10.17816/9c624810
OJIOBPEHA K ITYBJIUKAIINMA | PUBLISHED AHEAD OF PRINT

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Zhang Q, Bastard P, COVID Human Genetic Effort; et al. Human genetic and immunological
determinants of critical COVID-19 pneumonia. Nature. 2022;603(7902):587-598.

doi: 10.1038/s41586-022-04447-0

Bastard P, Orlova E, Sozaeva L, et al. Preexisting autoantibodies to type | IFNs underlie critical
COVID-19 pneumonia in patients with APS-1. J Exp Med. 2021;218(7):e20210554.

doi: 10.1084/jem.20210554

Shelton JF, Shastri AJ, Ye C, et al. Trans-ancestry analysis reveals genetic and nongenetic
associations with COVID-19 susceptibility and severity. Nat Genet. 2021;53(6):801-808.

doi: 10.1038/s41588-021-00854-7

Carracedo A, Spanish COalition to Unlock Research on host GEnetics on COVID-19
(SCOURGE). A genome-wide association study of COVID-19 related hospitalization in Spain
reveals genetic disparities among sexes. medRxiv. 2021. doi: 10.1101/2021.11.24.21266741
Roberts GHL, Park DS, Coignet MV, et al. AncestryDNA COVID-19 host genetic study
identifies three novel loci. medRxiv. 2020. doi: 10.1101/2020.10.06.20205864

Horowitz JE, Kosmicki JA, Damask A, et al. Genome-wide analysis provides genetic evidence
that ACE2 influences COVID-19 risk and yields risk scores associated with severe disease. Nat
Genet. 2022;54(4):382-392. doi: 10.1038/s41588-021-01006-7

Huffman JE, Butler-Laporte G, Khan A, et al. Multi-ancestry fine mapping implicates OAS1
splicing in risk of severe COVID-19. Nat Genet. 2022;54(2):125-127. doi: 10.1038/s41588-
021-00996-8

Mutambudzi M, Niedzwiedz C, Macdonald EB, et al. Occupation and risk of severe COVID-19:
prospective cohort study of 120 075 UK Biobank participants. Occup Environ Med. Corrected
and republished from: Occup Environ Med. 2022;79(2):e3. doi: 10.1136/0emed-2020-106731
Butler-Laporte G, Povysil G, Kosmicki JA, et al. Exome-wide association study to identify rare
variants influencing COVID-19 outcomes: results from the Host Genetics Initiative. PL0S
Genet. 2022;18(11):¢1010367. doi: 10.1371/journal.pgen.1010367

Casanova JL. Severe infectious diseases of childhood as monogenic inborn errors of immunity.
Proc Natl Acad Sci USA. 2015;112(51):E7128-E7137. doi: 10.1073/pnas.1521651112

Lim HK, Huang SXL, Chen J, et al. Severe influenza pneumonitis in children with inherited
TLR3 deficiency. J Exp Med. 2019;216(9):2038-2056. doi: 10.1084/jem.20181621
D’Alessandro A, Thomas T, Akpan 1J, et al. Biological and clinical factors contributing to the
metabolic heterogeneity of hospitalized patients with and without COVID-19. Cells.
2021;10(9):2293. doi: 10.3390/cells10092293

Downes DJ, Cross AR, Hua P, et al. Identification of LZTFL1 as a candidate effector gene at a
COVID-19 risk locus. Nat Genet. 2021;53(11):1606-1615. doi: 10.1038/s41588-021-00955-3
Stewart CA, Gay CM, Ramkumar K, et al. Lung cancer models reveal severe acute respiratory
syndrome coronavirus 2—induced epithelial-to-mesenchymal transition contributes to
coronavirus disease 2019 pathophysiology. J Thorac Oncol. 2021;16(11):1821-1839.

doi: 10.1016/j.jth0.2021.07.002

Akbari M, Akhavan-Bahabadi M, Shafigh N, et al. Expression analysis of IFNAR1 and TYK2
transcripts in COVID-19 patients. Cytokine. 2022;153:155849. doi: 10.1016/j.cyt0.2022.155849



I'ennl u kieTku | Genes & cells
OpurunansHoe uccienosanue | Original Study Article
DOI: https://doi.org/10.17816/9c624810

OJOBPEHA K IYBJIUKAIINU | PUBLISHED AHEAD OF PRINT

Ob ABTOPAX

* ABTOp, OTBETCTBEHHBIH 3a mepenucky / Corresponding author

* Anmanbko CBeTjiaHa BsiueciaBoBHA, KaH[I.
OuOJ1. HAYK;
agpec: Poccus,
bopucosa, 1. 9;
ORCID: 0000-0002-3853-4185;
eLibrary SPIN: 7053-2507;

e-mail: svetlana.apalko@ gmail.com

197706, Cectpopenx, yiI.

* Svetlana V. Apalko, Cand. Sci. (Biology);
address: 9 Borisova street, 197706 Sestroretsk,
Russia;

ORCID: 0000-0002-3853-4185;

eLibrary SPIN: 7053-2507;

e-mail: svetlana.apalko@ gmail.com

CoaBTOpBI:

HoctaeBa Apuna Bsiyec/iaBoBHA;
ORCID: 0000-0001-9291-7550;
eLibrary SPIN: 1845-6794;

e-mail: avnostaeva@gmail.com

Arina V. Nostaeva;

ORCID: 0000-0001-9291-7550;
eLibrary SPIN: 1845-6794;
e-mail: avnostaeva@gmail.com

Iumanckuii Banentun Cepreesuy;
ORCID: 0000-0001-5662-8663;
eLibrary SPIN: 5547-6626;

e-mail: shimansky.valya@yandex.ru

Valentin S. Shimansky;

ORCID: 0000-0001-5662-8663;
eLibrary SPIN: 5547-6626;

e-mail: shimansky.valya@yandex.ru

CymenueBa Haranbs HukosnaeBHa;
ORCID: 0000-0002-5100-5229;
eLibrary SPIN: 5187-2286;

e-mail: natalia@sushentseva.ru

Natalya N. Sushentseva;
ORCID: 0000-0002-5100-5229;
eLibrary SPIN: 5187-2286;
e-mail: natalia@sushentseva.ru

omnos Ouer CepreeBuy;
ORCID: 0000-0003-1778-0165 ;
eLibrary SPIN: 5220-9174;
e-mail: ospopov@outlook.com

Oleg S. Popov;

ORCID: 0000-0003-1778-0165 ;
eLibrary SPIN: 5220-9174;
e-mail: ospopov@outlook.com

AHucenkopa AnHa IOpbeBHa, KaHI. Men.
HayK, JOLECHT,

ORCID: 0000-0001-5642-621;

eLibrary SPIN: 4476-5192;

e-mail: anna_anisenkova@list.ru

Anna Yu. Anisenkova, MD, Cand. Sci.
(Medicine), Associate Professor;

ORCID: 0000-0001-5642-621;

eLibrary SPIN: 4476-5192;

e-mail: anna_anisenkova@list.ru

Mocenko Cepreii BukTopoBmY, KaHI. MeI.
HayK, JOLECHT,

ORCID: 0000-0002-1357-4324;

eLibrary SPIN: 9543-8506;

e-mail: neurologist@mail.ru

Sergey V. Mosenko, MD, Cand. Sci.
(Medicine), Associate Professor;

ORCID: 0000-0002-1357-4324;

eLibrary SPIN: 9543-8506;

e-mail: neurologist@mail.ru

I'noro OJier CepreeBud, JI-p OMOJ. HAYK;
ORCID: 0000-0002-0091-2224;

eLibrary SPIN: 4531-3449;

e-mail: olglotov@mail.ru

Oleg S. Glotov, Dr. Sci. (Biology);
ORCID: 0000-0002-0091-2224;
eLibrary SPIN: 4531-3449;

e-mail: olglotov@mail.ru

Capana Amnapeii MuxaiyioBHY, KaHI. MeI.
HayK, JOLIEHT,

ORCID: 0000-0003-3198-8990;

eLibrary SPIN: 7922-2751;

e-mail: asarana@mail.ru

Andrey M. Sarana, MD, Cand. Sci.
(Medicine), Associate Professor;

ORCID: 0000-0003-3198-8990;

eLibrary SPIN: 7922-2751;

e-mail: asarana@mail.ru

Hlepoak Cepreii I'puropneBu4, a-p Me.
HaykK, npodeccop;

ORCID: 0000-0001-5036-1259;

eLibrary SPIN: 1537-9822;

e-mail: b40@zdrav.spb.ru

Sergey G. Shcherbak,
(Medicine), Professor;
ORCID: 0000-0001-5036-1259;
eLibrary SPIN: 1537-9822;
e-mail: b40@zdrav.spb.ru

MD, Dr. Sci.



https://orcid.org/XXXX-XXXX-XXXX-XXXX
https://orcid.org/XXXX-XXXX-XXXX-XXXX
https://orcid.org/XXXX-XXXX-XXXX-XXXX
https://orcid.org/XXXX-XXXX-XXXX-XXXX
https://orcid.org/XXXX-XXXX-XXXX-XXXX
https://orcid.org/XXXX-XXXX-XXXX-XXXX
https://orcid.org/XXXX-XXXX-XXXX-XXXX
https://orcid.org/XXXX-XXXX-XXXX-XXXX
https://orcid.org/0000-0003-1778-0165
https://orcid.org/0000-0003-1778-0165
https://orcid.org/0000-0001-5642-621
https://orcid.org/0000-0001-5642-621
https://orcid.org/0000-0002-1357-4324
https://orcid.org/0000-0002-1357-4324
mailto:olglotov@mail.ru
mailto:olglotov@mail.ru
https://orcid.org/0000-0003-3198-8990
https://orcid.org/0000-0003-3198-8990
https://orcid.org/0000-0001-5036-1259
https://orcid.org/0000-0001-5036-1259

I'ennl u kieTku | Genes & cells
OpurunansHoe uccienosanue | Original Study Article
DOI: https://doi.org/10.17816/9c624810

OJOBPEHA K NYBJIMKAIIUM | PUBLISHED AHEAD OF PRINT

TABJINUDbI

Ta6nuua 1. XapakTepucTuka KOropTbl NaLMeHToB, N

Table 1. Patient cohort characteristics (n)

TsokecTs TeueHus 3adonesanus / Mcxon 3a0oneBanus MyKYUHBI JKeHmuHEBI
He Oouen
JIérKast 32 29 61
cpemHsist 24 19 43
TSDKEIAs 171 163 334
KpaiiHe Tsxénas 154 104 258
2 3 5
He Oouen
BBI3JOPOBJICHUE 237 %ZG g%s
CMepTEeIbHBIN 64 43 107
Tabnuua 2. Cnucok reHoB, 0TOOPaHHbIX ANA PerNIMKaLMOHHOro aHanusa
Table 2. List of genes selected for replication analysis
HazBanue rena Xpomocoma Jlutepatypa
TLR3 4 Zhang Q., et al., Science, 2020 [18]
UNC93B1 11 Zhang Q., et al., Science, 2020 [18]
TICAM1 19 Zhang Q., et al., Science, 2020 [18]
TBK1 12 Zhang Q., et al., Science, 2020 [18]
Zhang Q., et al., Nature, 2022 [19]
AIRE 21 Bastard P., et al., J Exp Med, 2021 [20]
Zhang Q., et al., Nature, 2022 [19]
RAG1 11 Bastard P, et al., J Exp Med, 2021 [20]
Zhang Q., et al., Nature, 2022 [19]
RAG2 11 Bastard P., et al., J Exp Med, 2021 [20]
COVID-19 Host Genetics Initiative, Nature, 2022 [6]
Kousathanas et al., Nature, 2022 [10]
HLA-DQB1 6 Pairo-Castineira E., et al., Nature, 2021 [9]
COVID-19 Host Genetics Initiative, Nature, 2022 [6]
Kousathanas A, et al., Nature, 2022 [10]
HLA-DQB2 6 Pairo-Castineira E., et al., Nature, 2021 [9]
COVID-19 Host Genetics Initiative, Nature, 2022 [6]
MUC1 1 Kousathanas A, et al., Nature, 2022 [10]
Kousathanas A., et al., Nature, 2022 [10]
Shelton J.F., et al., Nat Genet, 2021 [21]
COVID-19 ,Host Genetics Initiative, Nature, 2021 [7]
SLC6A20 3 Carracedo A., et al., medRxiv, 2021 [22]
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Shelton J.F., et al., Nat Genet, 2021 [21]

COVID-19 Host Genetics Initiative, Nature, 2021 [7]
Roberts G.H.L., et al., medRxiv, 2020 [23]

Pairo-Castineira E., et al., Nature, 2021 [9]

The Severe Covid-19 GWAS Group, N Engl J Med., 2020 [8]
LZTFL1 3 Carracedo A., et al., medRxiv, 2021 [22]

COVID-19 Host Genetics Initiative, Nature, 2022 [6]
Shelton J.F., et al., Nat Genet, 2021 [21]

COVID-19 Host Genetics Initiative, Nature, 2021 [7]
Roberts G.H.L., et al., medRxiv, 2020 [23]

The Severe Covid-19 GWAS Group, N Engl J Med, 2020 [8]

ABO 9 Horowitz J.E., et al., Nat Genet, 2022 [24]

COVID-19 Host Genetics Initiative, Nature, 2022 [6]
SFTPD 10 The Severe Covid-19 GWAS Group, N Engl J Med., 2020 [8]
MUC5B 11 COVID-19 Host Genetics Initiative, Nature, 2022 [6]

COVID-19 Host Genetics Initiative, Nature, 2022 [6]
COVID-19 Host Genetics Initiative, Nature, 2021 [7]
Pairo-Castineira E., et al., Nature, 2021 [9]
OAS1 12 Huffman J.E., et al., Nat Genet, 2022 [25]

COVID-19 Host Genetics Initiative, Nature, 2022 [6]
Kousathanas A., et al., Nature, 2022 [10]

COVID-19 Host Genetics Initiative, Nature, 2021 [7]
TYK2 19 Pairo-Castineira E., et al., Nature, 2021 [9]

COVID-19 Host Genetics Initiative, Nature, 2022 [6]
Kousathanas A, et al., Nature, 2022 [10]

COVID-19 Host Genetics Initiative, Nature, 2021 [7]
Pairo-Castineira E., et al., Nature, 2021 [9]

Horowitz J.E., et al., Nat Genet, 2022 [24]
Carracedo A, et al., medRxiv, 2021 [22]

IFNAR2 21 Zhang Q., et al., Science, 2020 [18]

Ta6bnuua 3. Pe3ynbTaTbl Harpy304HOro TECTUPOBaHUA

Table 3. Burden testing results

95% W nns

Ten Macka Koaddpumment CrangapTHas ommoOKa p Ol o
TLR3 M1 2,61 2,35 0,09 13,6 0,7-2072,6
TBK1 M1 -0,24 0,41 0,55 0,8 0,3-1,7
AIRE M1 0,56 1,43 0,63 18 0,1-22
MUC1 M1 -1,29 2,34 0,41 0,3 0-5,6
SLC6A20 M1 0,26 1,20 0,80 0,8 0,1-59
TYK2 M1 0,63 1,25 0,57 1,9 0,2-16,1
TLR3 M2 0,53 0,70 0,43 17 0,4-6,3
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UNC93B1 M2 0,50 1,42 0,67 1,6 0,1-20,6
TICAM1 M2 0,47 0,65 0,45 1,6 0,5-5,6
TBK1 M2 -0,25 0,31 0,40 0,8 04-14
AIRE M2 -0,31 0,39 0,41 0,7 0,3-1,5
RAG1 M2 0,12 0,33 0,72 11 0,6-2,1
RAG2 M2 -0,25 0,42 0,54 0,8 0,3-1,7
HLA-DQB1 M2 0,04 0,13 0,76 1,0 0,7-1,2
HLA-DQB2 M2 -0,12 0,18 0,49 0,9 0,6-1,2
MUC1 M2 -0,07 0,33 0,83 0,9 05-1,7
SLC6A20 M2 -0,23 0,38 0,54 0,8 0,4-1,6
LZTFL1 M2 -0,09 1,11 0,93 0,9 0,1-5.8
ABO M2 -0,13 0,14 0,34 0,9 0,7-1,2
SFTPD M2 0,43 0,83 0,58 15 0,3-7,3
MUC5B M2 -0,28 0,19 0,14 0,8 0511
OAS1 M2 0,17 0,13 0,16 1,2 09-15
TYK2 M2 0,09 0,31 0,77 0,9 0517
IFNAR2 M2 0,46 0,59 0,41 1,6 0,5-5,0




