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KOBIA-19-ACOLINOBAHI 3MIHU IMYHUTETY
TA YPAXKEHHA NNETEHb
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Pestome

B ornapi nitepatypu npefctaBneHoO OCHOBHI AaHi NPO MeXaHi3Mu
natoreHesy HOBOI BipycHoi iHdeKLii KoBia-19: BipyCHOro ypakeHHs, iMyH-
HoI AncoyHKLiT, enpoTenianbHOro ypaxeHHa. OnncaHo ocobnmBocTi imy-
HOMoriyHMX 3MiH Npn KoBia-19-acouinoBaHnx CTaHax Pi3HOI BaXKKOCTi Ta
npv $opmyBaHHi nereHeBuX ypaxeHb. MpeacTaBneHo pesynbTaTty JOCniA-
eHb MO 0COGANBOCTAM fereHeBoi NaTONOril NPW BiPYCHOMY YpaKeHHi
nereHb, rocTPOMY pPecnipaTOpPHOMY [AUCTPEC-CUHAPOMI, XPOHiYHOMY
O6CTPYKTMBHOMY 3aXBOPIOBAHHI nereHb, iHTePCTULiNHOMY nereHeBomy
$ibpo3i, 6poHXianbHi acTMi, akTVBHOMY Ta NaTEHTHOMY Ty6epKynbosi
nereHb. TakoX OMMCaHO AeAKi NaTONOriYHi MexaHi3mu, AKi Npu3BoaATb J0
[OBroTPMBANoOro 3axXxBOPKOBAHHA Ta CTiNKMX 3MiH NnereHb nicna Kosia-19
($i6po3, bpoHxoeKTasm, 06CTPYKTUBHMI GPOHXIONIT, NereHeBa Tpomboem-
60nifA). Po3rnAHyTO ayTOiMyHHi ycKnagHeHHsA Ha ¢OHi AaHoi BipycHOT
iHbeKuii Ta npu BakymHaLii npoTn KoBia-19, 0co6amBocTi BaKLMHO-iHAYKO-
BaHOrO IMYHITETY Ta 3HaYeHHA NepexpecHoi iIMyHONOrIYHOT PeakTUBHOCTI.

Kniouoei cnoea: Kosig-19, Bipyc SARS-CoV-2, natoreHes, imyHiTeT,
YPaXKeHHA NereHb.
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COVID-19-ASSOCIATED CHANGES IN IMMUNITY
AND LUNG LESIONS
O. M. Rekalova
Abstract

The review of the literature presents basic data on the mechanisms of
pathogenesis of a new viral COVID-19 infection: viral damage, immune
dysfunction, endothelial lesions. The features of immunological changes in
the COVID-19-associated conditions of different severity and genesis of
pulmonary lesions have been described. The results of studies on the
features of pulmonary pathology in viral lung lesions, acute respiratory
distress syndrome, chronic obstructive lung disease, interstitial pulmonary
fibrosis, bronchial asthma, active and latent pulmonary tuberculosis have
been presented. Additionally, some pathological mechanisms leading to
the formation of long-term disease and persistent changes in the lungs
after COVID-19 (fibrosis, bronchiectasis, obstructive bronchiolitis,
pulmonary thromboembolism) have been outlined. The autoimmune
complications due to this viral infection and vaccination against COVID-19,
the features of vaccine-induced immunity and the role of cross-
immunological reactivity have been reviewed.

Key words: COVID-19, SARS-CoV-2 virus, pathogenesis, immunity,
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Hocsig naHgemii Kosig-19 nokasas, wo Bipyc SARS-
CoV-2 € HOBOW KOpPOHaBipycHo iHdeKLi€El, AKa 3a KNiHiu-
HVM 3HaYeHHAM CYTTEBO BIAPI3HAETbCA Bif iHLWNX CE30HHNX
pecnipaTopHuX BipycHUX iHbEKLIN, nepeBakHO Bparkae
OVXanbHY CUCTEeMy Ta MOXKe OOYMOBMIOBATU YypaXkeHHA
6araTbOX OpraHiB Ta CCTeM OpraHiamy 3 netanbHUMK abo
[OBroTpMBanUMM HacnigKamu.

OcHoBHi pakTopu natoreHesy Kosig-19

1. BipycHa iH¢hekyia (roctpa dpasa), Konum BigdyBa€eTb-
CA 3B A3yBaHHA rnmkonpoTeiny wuna SARS-CoV-2 3 peuen-
Topamu KnituH rocnopapa AM®2 (aHrioTeH3nH-NepeTBO-
ptotounin depmeHT-2) [1], AKNIA HaNbINbLW WNPOKO eKcnpe-
CYETbCA B eniTenil BepXHiX ANXanbHUX WAXIB, Pi3HiX nere-
HeBMX KNiTUHaX (anbBeonApHUX KaiTnHax Il Tuny, makpo-
darax, eHgoTenianbHMX, rMagKoM'A30BUX KNiTMHaX, nepi-
BacKynApHUX nepuuutax) [2], a TakoxK B cepue, LeHTpanb-
Hil HEPBOBIN CUCTEMI, HUPKaX, NeYiHLi, ovax, KilleuHWnKY,
KPOBOHOCHUX CyfiHax —ToMy npuv KoBig-19 MoxyTb ypa-
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KyBaTbCA pi3Hi opraHu. Came nepeniyeHi KNiTUHN gnxanb-
HUNX WAAXIB YpaxyoTbca Bipycom npu Kosig-19 B nepuy
yepry [3].

2. HactynHa imyHHa / 3ananeHa peakyis. MNpun 3apa-
»eHHi noguHn Bipycom SARS-CoV-2 iMyHHa cuctema akTu-
BYETbCA | MOYMHAE BUPOOGNATU «Mnpo3ananbHi» LUTOKIHK,
MegfiaTopu AN 3HULLEHHS iHPeKUiT 3 NiABULLEHHAM piBHEN
iHTepdepoHis (IFN) IFN-a, IFN-y, TNF y cupoBaTui, AiKi 3a38u-
yaii epekTMBHI y nauieHTis [4, 5]. AneKkBaTHa iMyHHa Bino-
Bilb Ha noyatky iHdpeKuii SARS-CoV-2 npussoauTb Ao Nig-
BULLEHHA piBHA T-nimdoumnTiB B KPOoBi [4], AKi € OCHOBHMMM
BUpo6HMKamu IFN-y [6]. Ctumynsuia T-nimpoumTis Bigirpae
KNIOUOBY posib B akTuBaUii Ta gudepeHuitoBaHHi B-nimdbo-
LMTIB, WO NPM3BOANTL A0 NPOAYyKLii HENTPani3ylumnx aHTu-
Tin [7]. LikaBo, wo pisHi IL-2 Ta IL-12 3HayHO BULYi Y NaLli€H-
TiB 3 6€3CMNTOMHMM Ta Nnerkum nepebirom Kosia-19, y Ton
yac Ak piBHi IL-6 KopentoloTb 3 MigBULLEHOK TAXKICTIO Ta
HecnpuATAnBMMK Hacnigkamm npu Koeig-19 [8, 9]. Edek-
TUBHiCTb CD4+ T-nimpouuTia npotn SARS-CoV-2 Ha paHHix
CTajifAX MPOrHO3ye CNPUATANBUN JOBroCTPOKOBMI afganTa-
LinHWi imyHiTeT [10].

OpfHak KOpOHaBipyCcy BUKOPUCTOBYIOTb PI3Hi cTpaTerii
YXWUNEHHA Bif iMYHITETY Ta iHriOylOTb WNAXM BUPOOGIEHHSA
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IFN, wo noB’A3aHO 3i 3HWKEHHAM KiNbKOCTi Ta aKTUBHOCTI
nimbounTiB y nauieHTiB 3 TAXKow dopmoto Kosia-19 [11,
12]. Ha oHi ducpeaynayii imyHHOI cucmemu po3B/Ba€ETb-
CA HeafekBaTHa, HagMipHa peakuif iMyHHOI CUCTeMWU Ha
BipYyCHY iHdeKLitlo, AKa BilOMa AK «LUTOKIHOBIN LUTOPM», 3
O3HaKamu pynHyBaHHA nimdounTi. CnocTepiraeTbca BUCO-
Ka NpOAYyKLiA BENMKOI KiNbKOCTI Npo3ananbHUX LUTOKIHIB:
IFN-q, IFN-y, IL-1B, IL-6, IL-12, IL-18, IL-33, TNF-a, TGFP Ta iH.,
xemokiHie CCL2, CCL3, CCL5, CXCL8, CXCL9, CXCL10 Ta iH.,
AKI BUAINATLCA IMYHHUMN edeKTOpHUMK KniTuHamu [13,
14]. Po3BUBAETbCA CUHAPOM FiNepPakTUBHOCTI Makpodaris i
remodarounTapHun cuHgpom (remodaroumTtapHuii nimeo-
ricTouiTo3) 3 OfHOYACHNM MPUTHIYEHHAM KNIOUYOBUX JTAHOK
iIMyHHOI cucTemun: 3 aTPOdIYHMMM 3MiHAMWU Cene3iHKM Ta
nimeaTMuHMX BY3MIB 3i 3HWKEHHAM B HUX KiNnbKOCTI
T-imdouuTiB, HaTypanbHUX KiNepHKX KNiTWH, AKi BigirpaloTb
BMpILLANbHY 3aXUCHY ponb B eniMmiHaLuil BipyCy Ta nonepe-
IPKeHHi nepcncTyBaHHA iHdekuii [15].

Taknm umHowm, ripwi pesynbTtaty Kosig-19 nos’asaHi 3
nimédoneHiero Ta gucdyHkuiero T-knituH [16]. Mpu ybomy
BipYCHe HaBaHTa)KeHHA y MaLi€HTIB i3 BaXXKMMy nepebirom
KoBig-19 go 60 pasis BuLe, HiX B Nnerkux sunagkax [17, 18].
BupaxeHa imyHocynpecia npu3BoAuUTb [O PO3MHOMEHHSA
6aKTepianbHOT iHpeKUii (YacTiwe — ue Klebsiella pneumo-
niae, Acinetobacter spp., Pseudomonas spp., Escherichia coli i
Staphylococcus spp.), W0 NPOBOKY€E pi3Ke MOripLeHHAM
CTaHy nauieHTa 3 po3BUTKOM baKTepianbHOT MHEBMOHIT, cen-
cucy [19, 20, 21].

Omxe, npu KoBig-19 y BaxKux MauieHTiB crnocTepira-
I0TbCA O3HaKW IMyHHOI AucperynaLii 3 po3BUTKOM rinep3a-
nasabHOI BiAMOBIAI Ta OOHOYACHUM 3HUMXEHHAM IMYHHOI
GYHKUIT (KNiHIYHO Lle NpoABNAETbCA Yepe3 OAUH-ABA TVKHI
nicnA NoYaTKy 3aXBOPIOBAHHA).

3. OpgHuM 3 ocHOBHUX dakTopiB naTtoreHesy Kosig-19 €
NowKoOXKeHHA eHOomesniaabHUX CyOUHHUX KNiMUH BHacC-
NigoK MpAMOro BipycHoro iHGiKyBaHHA uepe3 peLenTop
AN®2, wo TakoX NPOBOKYE BUBIIbHEHA 3anafibHUX LUTOKi-
HiB, aKTMBaUii TpombouuTiB, YTBOpPEHHIO ¢iGpPUHOBOrO
3rycTky [22]. MNepexpecT 3ananeHHa Ta Tpomb603y Npr3Bo-
ONTb JO BaXKKOI 3anasnbHOI peakuii, AkKa BUHNKAE B aNibBeO-
nax. MowwpeHi npu TaxKKoMy nepebiry Kosia-19 cnctemHi
nposBu (CMHAPOM Mo3aiereHeBoro CUCTEMHOrO rinep3ana-
NEHHA) Yepe3 MOLWKOMPKEHHA eHAOoTENIo Ta rinepkoaryns-
uito nos‘A3aHi 3 cepuesumn (> 20 % xBopux [23]), HUPKOBU-
MW, HEBPONOFIYHMMIN YyCKNagHEHHAMN [24], MOXyTb npu-
3BOANTU [0 iHAPKTY, iIHCYNbTY, CUHAPOMY ANCEMIHOBAHOrO
BHYTPILWHbOCYAMHHOIO 3ropTaHHA, aHTudocdoninigHoro
CMHAPOMY, BacKkynity [25, 26, 27].

Po3BuToK eHpoTenianbHoi ancoyHKuii npu Kosia-19
MOXe MOACHUTW, YOMY HaMbiNbll BaXXKMMMK MNaLieHTamm
6y 0cobM NOXMNOTO BiKY MPW HAABHOCTY NEBHUX CYMYTHiX
3axBOpPIOBaHb, MPU AKKX BiMIYAETbCA CUCTEMHA eHAoTeNi-
anbHa gucdyHKuia: rinepToHia (17-57 %), oxunpiHHA (41 %),
LyKpoBuin fiabet (8-34 %), cepLeBO-CYyANHHI MOPYLLEHHS,
XPOHiYHe OOCTPYKTMBHE 3axBOPOBaHHA nereHb (XO3J1),
naTonoria HUPOK, 3MOAKICHI (remaTonoriyHi, pak NereHb,
MeTacTaTUYHI) 3axBoptoBaHHA [28, 29]. HalcunbHiwmmn
dakTopamu pusrKy cmepTi 6ynu 3nosAkicHi nyxnnHu (HR =
3,50), XO3J1 (HR = 2,68), giabeT (HR = 1,59), rinepToHia (HR =
1,58) [30, 31, 32].
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Omxe, eHaoTeNiaNbHa AUCOYHKLIA MOXe OyTU Baxknu-
BUM HaKTOPOM BaxKOCTi nepebiry, cMepTi, a TaKoX TpurBa-
nocti cumntomis Kosiag-19.

Taknm YMHOM, NereHi € NepLwrm OpraHoOM-MilLEHHIO AnA
iHbekuii SARS-CoV-2, npoTe MNaToOMOriUYHi 3MiHU MOXYTb
MoLWWMPIOBATNCA HA Pi3HI OpraHu, BKKYaloum cepLe, MO30K,
KPOBOHOCHI CYANHW, HUPKM, KALLIEYHMK Ta iHLUi.

KniHiuHi cumnTOoMU, nereHeBi NopyLIeHHA

BctaHoBneHo, wo 50 % iHpiKkoBaHMX KOPOHaBipycom
Manu 6escumnmomHuli nepebie, Nnpy LboMy BMPOONANN
BENMKY KinbKicTb aHTuTin [33]. Cepen oci6 3 cumnTomamu
Kogia-19 neakuti nepebia (y Burnagi pecnipatopHoi iHpek-
LiT, iHoAi —3 Nerkoto MHEBMOHIED) Manu npubnizHo 81 %, y
HMX TakoXK Oynn BUABIIEHI NepexpecTo-peakTUBHI aHTUTINa
lgG i IgA po ce3oHHMX Bipycis HCoV, Ha nigcTasi Yoro 3po-
6/eHO MpPUNYLWEHHA, WO Ui paHiwe icHylun aHTUTina
MOXYTb 34iCcHI0BaTN 3axuct npotu SARS-CoV-2 [34] .

Ba)xke 3axeoplo8aHHA (i3 3aAMILKOIO, TiMOKCielo, >
50 % ypakeHHs nereHb) 6yno 3adikcoBaHo y 14 % xBOpuX,
KPUTMYHE 3axBOPIOBAaHHA (3 AMXanbHOW HEefOCTaTHICTIo,
Wwokom abo noniopraHHo ANCcPyHKLUiew) — y 5 % XBOpuX,
3 Aknx nomupano 20 % [35, 36, 37].

JlezeHege ywK0OOXKeHHA BHaC/iflOK NPAMOro BipyCHOro
iHbiKyBaHHA npu KoBia-19, Ake CynpoOBOAKYETbCA rinokce-
Mi€l0, BUHWKAE Yepes eKcyfaTt, anbBeoNAPHUA HabpsK, Wo
3B'A3aHi 3 MOLWKOMKEHHAM MIKPOCYAMH Ta BHYTPILIHbOCY-
AVHHMMK Tpombamu [38, 39]. Lle 3HMKye nepdysito Ta BeH-
TURAUi y KaninapHomy pycni [40]. HeBianoBigHiCTb BeHTU-
nAauii/nepdysii BUKNNKAE TiNOKCUYHY flereHeBy Ba30OKOH-
CTPUIKLiIO, TUM CaMUM OOMEXyloun NPUNAUB KPOBi O
ob6nacTe nopyLeHoro ra3oobmiHy [41] 3 BHyTpilWwHboOere-
HEeBMM LUIYHTYBaHHAM KPOBI B iHWKX obnacTax. [inokcuyHa
nereHeBa Ba30OKOHCTPUKLifA, Y CBOIO Yepry, CNpusae arpera-
Uil TpoM60LUTIB 3 NiABULLEHHAM PU3MKY YTBOPEHHA TPOM-
6iB [42, 43]. Bce ue 0OYMOBMIOE HECMPUATAUBI HACNIAKK
Kogig-19, BKkntoyatoum cMepTHicTb [44].

Micna nonpaBKK Ha BiK, CTaTb Ta CYyMyTHI 3aXBOPIOBaH-
HA BCTAHOBMEHO, IO XpOHiYHe 06cmpyKmueHe 3axeopio-
8aHHA nezeHb (XO3J1) 6yno 3HauHUM GaKTOPOM PUBKKY
rocnitanisauii Ta cmepTi (KoediuieHT pnsnky — 1,54) [45,
46, 47]. IcHye Kinbka MexaHi3miB, AKi MOACHIOOTb TaKi
pe3synbtatn KoBig-19 y nauieHtis 3 XO3J1. MigBuwieHa ekc-
npecia AMN®2 B enitenianbHMx KniTvHax [48, 49, 50] Ta
ekcnpecia MONeKynn BHYTPIWHbOKAITUHHOI aparesii-1
(ICAM-1) [51] npu XO3J1, 0co651BO B 0OCi6 3 BULIMM iHAEK-
COM Macu Tifa Ta YacTilwmMmm 3aroctpeHHamn [52, 53] csia-
YnTb NPO 36iNblUEHHA MOXKINBOCTEN NPOHUKHEHHA BipyCy
B NereHi. Koarynonartia i gucdyHkKuUia eHgoTenianbHUX Kii-
TvH npu XO3J1 nigBuwyoTb pU3MK MIKpOoTpombo3y npwu
Kogig-19 [54, 55, 56]. 3HmxKeHHA nepdy3ii Ta BeHTMAAUIT
NpU3BOANTb [0 FNNOKCUYHOI Ba3OKOHCTPUKLIT Ta BHYTPILL-
HbOJIereHeBOro WyHTYBaHHA KPoBi. [ocTinHa KonoHi3adiA
AVXanbHUX WiAxie 6aktepiamy npu XO3J1 B cTabinbHomy
CTaHi cnpuae po3BUTKY bakTepianbHKX iHdeKLi npu Bipy-
CHi iHpeKUiT [57], Aka 3MeHwWYye GakTepianbHWi daroyu-
TO3 anbBeoNAPHUMM Makpodaramu [58]. BroprHHa bakTe-
pianbHa iHPeKUia Ha ¢oHi icHytouoi npu XO3J1 HuKuoi
ekcnpeci IOH-B B enitenii 6poHXiB Ta aNbBeONAPHUX
Makpodarax NpUBOANTb [0 NMHEBMOHI.
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Takum unHom, xBopi Ha XO3J1 MOXKyTb MaTu nigsuLle-
HUA PU3NK BiPYCHOro iHQiKyBaHHA, MiIKpOTPOMOO3Y, LLKiA-
NIMBOTO BM/IMBY NOCUSIEHHA BHYTPILIHbONIEreHEeBOro WYHTY-
BaHHA Ta BTOPMHHOI 6akTepianbHOT iHdeKLil.

XBopum Ha XO3J1 pekomeHAYETbCA He 3MiHIOBATU BUKO-
PUCTaHHA iHranAUiNnHNX KOPTUKOCTEPOIAIB B AKOCTI NiATPU-
Mytouoi Tepanii nig yac Koeig-19 [59]. [incHo, B pagi gocni-
I)KeHb JOBeAEeHO, WO CUCTEMHI Ta iHranALinHi KopTukocTe-
poian NoKpaLlyloTb pe3ynbTaTi NiKyBaHHA XBOPMX Ta Mif-
TBEPAKYIOTb X 3aXCHY posnb npotu Kosig-19. Tak, iHrana-
LifHUI O6yfnecoHin, AKnA BBOAUAN amOynaTOpPHO Ha pPaHHixX
cTapiax Koia-19, 3meHwwyBaB noTpeby B eKCTPeHil Meany-
Hin Jonomo3i Ta ckopouyBaB uvac opyxaHHA [60]. Kop-
TUKOCTEPOI[ AeKCaMeTa3oH (nepopanbHO abo BHYTPILLHbO-
BEHHO) 3HU)KYBaB CMEPTHICTb Y rOCniTani3oBaHMX NaLieHTiB
3 KoBia-19, Aki noTpebyBanu KNCHI0 abo WTYYHOI BEHTUS-
uii nereHb [61].

OCHOBHOIO MPUYNHOIO NeTanbHUX BUNagkKie npu Kosia-
19 6yB 2ocmpuli pecnipamopHuli ducmpec CUHOpPom
(TPAC) 3 BaXXKMM ypaXkeHHAM NereHb (AK i gna iHpekuin
SARS-CoV, MERS-CoV, rpyny H1IN1, HIN5) [62, 63]. OgHum 3
nyckoBux mexaHiamis TPAC € Gypxnusuii Hanag iMyHHOI
CUCTEMMN Ha OPraHi3m (<LMTOKIHOBUI LUTOPM») 3 HEKPO30M
ypaxKeHUxX KNiTuH, 3i 36inblUeHHAM MPOHUKHOCTI KPOBOHO-
CHUX CYyAVH, 3MiH MIKpOLMPKYNALii, IporpecyBaHHAM 3ana-
NeHHA Ta NONIOPraHHOI HeJOCTaTHOCTI i CMepPTi Y BaXKmnx
Brnagkax 3apaxeHHA SARS-CoV-2 [64].

3a JOCBIAOM CNOCTEpEeXeHb 3@ XBOPVMW Ha BaKKWM
MPAOC, nosHicTio ogyxysano 30-50 % nauieHTiB, ane y
36-62 % 3anuwasca ¢ibpo3 nereHb, a TakoX iHWI XBOPO-
6nmBi 03HaKku [65, 66, 67]. Lle 6ynu 3aguiuKa, ronoBHUM
YMHOM MOB'A3aHa 3 NepeHeCceHNM BaXK1UM CTaHOM Ta Miona-
Ti€lo Ha GOHI HE3HAUHKMX CTINKMX PeHTreHorpadiuHnX 3miH
[68, 69]. AHanoriyHi pe3ynbTaTh 3 XapaKTePHUM 3HUKEHHAM
andysiHoi cnpomoykHoccTi nereHb (DLCO — Diffusing
Capacity for carbon monoxide — CO) cnoctepiranuca nicna
PAC nig yac nangemii rpuny H1N1 npw BigCyTHOCTI Nnoganb-
woro nporpecytoyoro Gpibpo3HOro 3axBOPIOBaHHA HaBiTb
nicnA eKCTPakopnopanbHOI OKCUreHalil, 3 HaABHICTIO PeHT-
reHorpadiuHux 3miH y Burnagi ¢ibpo3Hux cmyr i rianiHoBmx
mMembpaH. B3arani, y xsopux, aki nepebysanu B BiggineHHi
iHTEHCUBHOI Tepanii, MalTb Micue [OAATKOBI CUMMNTOMMU
BHaCNiAOK MPOJIOHIOBAHOI LUTYYHOI BEHTUNALIT NIereHb, Aka
YacTo € MNPUYMHOIO HEAOCTATHOCTI XapyyBaHHA 3 BTPATOO
M’A30BOI MacW, acouUiioBaHi 3i 3HWKEHHAM AKOCTI XWUTTH,
KOTHUTUBHMMW NOpyWweHHAMK [67]. Bbnn3bko MONOBUHM
NOAEen NPy LbOMY MaloTb HOBY CEPIO3HY iHBaNigHICTb Ta He
MOBepPHYTbCA [0 PO6OTH.

CuMmnTOMM NP TPUBAJIOMY CNOCTEPEXKEHHI

nicnA roctpoi ¢pasm Ta iXx MOXKNMBI NPUYNHN

Mpu TprBanomy cnocTepexeHHi BCTaHOBJIEHO, WO Y
80 % nauueHToB nicna roctpowt ¢pasn Kosig-19 3anunwaerb-
cs oAuH abo kinbka cumnTomie [70]. «Joszompueanuti
Kogi0» O3Haya€ HAABHICTb MOCTIMHUX CUMNTOMIB GinbLie
HiXX yepe3 4 TUXKHI nicnAa iX NoABKU, NPy «NOCMKo8iOHOMY
CUHOPOMI» 80OHU TPUBaOTb binble 12 TWXKHIB [71]. MN'AaTbma
HalnowmpeHiWnM1 cMMnTomMamun €: BToma (58 %), ronos-
HUM 6inb (44 %), nopylweHHA yBarn (27 %), BMNAdaHHA
Bonoccs (25 %), 3aguwka (24 %), kawenb (19 %) [72, 73, 74].

Hain6inblw xapakTepHUMU BUABMANCA 6 NiABULLEHUX abo-
paTopHux nokasHukis: D-gumep (20 %), NT-proBNP (11 %),
CPB (8 %,), depuTtnH cnpoBaTtkn (8 %), NPOKaNbLUUTOHIH
(4 %), U1-6 (3 %) [70]. MopyweHHA nereHeBoi QyHKLIi Y
Burnagi 3HmkeHHAa DLCO cnoctepiranoca y 10 % naumeHTis.

AHomanii Ha peHTreHorpami opraHis rpyAHOI MOPOXHU-
HY / KT 6ynu BuaBneHi y 35-45 % naui€HTiB HaBiTb Yepes
60-100 gHiB noyaTKy 3axBoptoBaHHA [70, 75], ocobnueo y
nauieHTiB, AKi NOTpebyBanm iHTEHCMBHOI Tepanii abo WTyy-
HOI BeHTUNALT nereHb [76, 77]. Yepe3 1 pik 3miHM BMABNA-
nuca nuwe y 16 % nauieHTi, 6€3 NporpecyBaHHA LMX 3MiH
[78]. CumnTOM «MaTOBOro CKfa» Ta ¢ibpo3HuX cmyr (Big
Nerkyx 3MiH 10 BaXXKoro ¢ibpo3y) bynu Hanbinbw nowvpe-
HUMK (21 %), GpoHxoeKTa3n BUABMEHI Y 10 %, NOTOBLYEHHA
Mi>KOONbKOBOI Neperopofku — Yy 8 %, peTuKynAapHi 3MiHM —
y 6 %, KoHconigauia — y 3 % nauienTis [79, 80].

MpuynHa TpuBanux cumnTomis nicna Kosig-19 3anuwa-
€TbCA HeAcHoM. Lle moxe ByTn reHeTUYHa CXUNbHICTb, BIK,
[J03a BipycCy i WAAX 3apaXkeHHA, HafABHICTb CYMyTHiX 3axBO-
plOBaHb, a TaKOX CTaH iMyHHOT cuctemu [70]. ImoBipHO, Wwo
came He3aBeplUeHe TpuBase 3ananeHHA Moxe 6yTn pakTo-
pom pu3nKy dopmyBaHHA 3aTskHOI dopmu Kosig-19 Ta
PO3BUTKY iHLWIMX NAaToONOriYHUX cTaHiB [81]. [icHo, y bara-
TbOX XBOPMX NPV JOBroTPMBaNOMy KOBIfi BigmivyaBca CTin-
KO nigBuLleHWin piBeHb npo3ananbHux ¢axtopis (IFN-(B,
IFN-y, IFN-A2/3 Ta IL-6) [82], wo MoXe CnpuaTx NigBULLEHO-
My PU3MKY 3ananeHHa cepus, nepukapaa Ta apTepin npoTs-
rom poky nicna giarHoctunkm Kosig-19 [83].

Bu3sHaueHa reHeTnyHa, NAToOMIOriYHA Ta KIiHIYHA CXO-
XiCTb MiX Npw igionatnuHomy nereHesomy ¢i6posi (N1d) Ta
¢ibpo3HMKM 3miHamu nicna Kosig-19 [80, 84]. Ane natore-
He3 MOCTKOBIAHOro ¢ibp0o3y NnereHb BiAPi3HAETLCA Big NaTo-
reHesy /10, AKnn € XpoHiuHO GibPO3yIoYOoIo iIHTEPCTULLIN-
HO0 MHEBMOHI€0 HeBigoMoi NpuunHM [85]. 1D He € pe3ynb-
TaTOM MNEPBUHHOrO iMyHOMATOreHHOro MeXaHi3My, Xxoua
iMyHHi KRiTUHW BigirpaloTb CKNagHy pPonb B YTBOPEHHI
dibpo3y nig pieto natoreHiB abo Hebe3neKwu, WO reHepyTb
NPodi6POTUYHI WNAXM abo NPUrHIUYOTb aHTUGIGPOTUYHI
MexaHi3mu. OKpiM Lboro, nauieHTu 3 IO manm 6inblu Bax-
Kui nepebir Kosig-19 Ta niaBuLLEeHy CMepTHICTb 3i CniBBia-
HOLLEHHAM LaHciB 3,2 [86].

Bipyc SARS-COV-2 nopywye ¢yHKLiOHYBaHHA anbBe-
onApHoro enitenito (3 pennikaui€lo anbBeONAPHUX Kili-
TuH Il TNy Ta HagmipHuM BupobneHHAm TGF-B [87]) Ta
eHpoTenianbHUX KNiTUH, AKi Nicna akTuBauil BUAINAIOTb
6arato HelpomegiaTopiB, WO BUKIMKATb Mirpadito,
nponidepauiio Ta akTuBauito ¢pibpobnacTtie Ta miodpibpo-
6nacTiB, AKi CTINKi 4O aNONTOTUYHNX MeEXaHi3MiB i nNpo-
LOBXYIOTb CEKpeTyBaTU KOMMOHEHTW MO03aKAiTUHHOrO
MaTpuKkcy. lMaTonoriyHum pes3ynbTaToM € 3aMmilleHHA
3BMYaANHOroO MO3akNiTMHHOTO MaTPMKCY Ha NaToNOriyHo
3MiHeHWN Ta 6araTuii KonareHoMm, Wo CNpuAE NopyLleH-
Hio DLCO. OTxe, KniTuHK 3 peuentopamu AMNO2 i anbBe-
onApHi Makpodaru, Aki 6e3nocepefHbO YypaxylTbCA
SARS-CoV-2, € OCHOBHUMM yYaCHMUKaMUn po3BUTKY ¢ibpo-
3y nereHb. Kpim TOro, y nauieHtis 3 KoBia-19 BuasneHo
Bucoki piBHi: 1) INF-y, aknin cnpuae npodibpoTnyHmum
3ananbHUM 3MiHam [88, 89]; 2) TGF-B, Akuin nocunioe
Mirpauito ¢ibpo6nacTis 3 noganbluoto AndepeHuialicto B
miodibpobnactu; 3) N1-17, aknin cTUMynioe perpaHyna-
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uito HenTpodiniB Ta OKUCIOBANBbHUN CTPEC, WO CNpUAE
pOo3BUTKY $ibpo3y.

Mpw ouiHLi dyHKUiT nereHb nicna Kosig-19 6yno BcTa-
HOBJ/IEHO, WO Mamxe y 39 % nauieHTiB €4MHOI0 CYTTEBOIO
aHomarieto 6yno 3HMxeHHAa DLCO [90, 91]. B ocHoBHOMY,
cnocrtepiranoca HesHauyHe 3HMXeHHA DLCO (ake TpuBano
Bil ABOX TVWXKHIB A0 3 MicAUiB), Ha BigMiHY Bif XBOpPUX, AKi
notpebyBanu LWTYYHOI BeHTUNAUIi nereHb (HeiHBa3UBHOI
abo iHBa3MBHOI MeXxaHiYHOI BeHTUNALIT, KNCHEBOT Tepanii 3
BMCOKUM MOTOKOM), B AKMX OyB B 4,6 pa3v BULMIA PU3MK
nopyLuerHHa DLCO [92].

Takmm UMHOM, [OBrOCTPOKOBI NereHeBi Hacnigku
roctporo Kogig-19 uepes Kiflbka TWXKHIB MiCNA NEPBUHHOI
iHbeKUil MOXyTb MpPOABNATACA Yy BUMNAZI OpraHisytuol
iHTePCTULINHOT NHEBMOHII, AAKa Y NaLiEHTIB 3 IerkuMmu nopy-
LWEHHAMWN 3 YAaCOM MOXE 3HUKHYTW CMOHTaHHO, a TaKOX
6yTn y Burnagi Taxkoro ¢i6po3sy [93, 94, 95]. MNpu Takmx
3MiHax B flereHsax KiiHiYHO BigMiyaeTbcsA 6inbll CTiliKa
3afVLKa, Kawenb, 6inb y rpyaax Ta mianria [75].

EdeKTMBHICTb 3acTOCyBaHHA NpoTUdiIbPO3HNX 3acobis
HUHTeAaHNOyY Ta nipdeHigoHy npu nocTkoBigHOMY ¢ibpos3i
HeoHO3HauYHa Ta MPOAOBXYE BUBYATUCDH [92].

BpoHxianbHi aHomanii (MOTOBLYEHHA Ta Aunatauia CTi-
HOK) 3yCTpivaloTbCA Y rocTpin Ta paHHin dasax ofyaHHA
Big KoBig-19 y 68 % nauieHTiB 3 MHEBMOHIELO, iX YacToTa Ta
TAXKICTb 3 HaCOM 3MeHLLYEeTbCA [96]. BpoHxoeKTasn y Burna-
Oi TpakuinHux ¢opm Ha GoHi Gibpo3y TprBano 36epiratoTb-
CA vacTiwe y nauieHTiB 3 6inbLu TAXKKUM Nepebirom Kosig-19
Ta nepeBa)kHO MaloTb nepudepunyHNin xapaktep (y 85 %),
3BOpPOTHO KopentooTb 3 DLCO (p < 0,001), Ta npaAamo —3
Bblpa)keHicTto Kawwnto (p = 0,03) [97]. MnTaHHA, Y € GPOHXO-
eKTasn y Tnx, XTo BMXUB Nicna Kosig-19, nepBMHHUM npo-
ABoM $ibpo3y (TpakuilHi 6poHxoeKTasu), abo pe3ynbTaTom
NOLKOAXKeHHA 6POHXIB BipycHO iHbeKL i€, abo 6apoTpas-
Moto, abo 6yab-Aakoi KoMbiHaLii uux eTionorii, —3anuiua-
€TbCA Bigkputm. Mos’asaHi 3 TPAC 6poHxoeKTasn gaBHO
BM3HaHi 3BMYalHMM ABULLEM, BOHW HalbinbL nowmnpeHi B
nepegHix Bigdinax nereHb i BBa)KalTbCA pe3ynbTaToM
6apoTpaBM/ B YMOBax LITYYHOI BEHTWUAALII niereHb, npwm
LiIbOMY TAXKICTb 3aXBOPIOBAHHA KOPENIOE 3 TPMBASICTIO BEH-
TUNAUIT Ta BUCOKMM TUCKOM Ha BAuxy [98, 99]. Yepe3 5-
7 micAauiB nicna BMMNMWCKM 3 npuBogdy Baxkoi Kosig-19-
acouinoBaHoi MHEBMOHIT Npu KT 6poHX0eKTa3n BUABMIEHO Y
13-17 % nauieHTiB, TO6TO PO3LWMNPEHHA OPOHXIB MOXe OyTH
NoBHICTIO 060pOTHMM [96, 100].

O3Hakn 06cmpyKkmuBH0O20 6pOHXiolimy TaKoX MOXyYTb
6yTV NpoABaMM NOCTKOBIZHOIO CUHAPOMY. TaK, aHOManbHe
CNiBBiAHOLWIEHHSA 3aMLLKOBOro 06'eMy A0 3arajibHOI EMHO-
CTi nereHb 6ynu BuaBneHiy 37 % 3i CTinkumm pecnipaTopHu-
MU CUMMATOMaMWn B cepeaHboMy 4epes 13,8 TUXKHIB nicna
NO3UTUBHOrO TecTy Ha KoBia-19, i cBigunnm Npo HeBenunky
ob6cTpyKUito anxanbHux wnaxis [101].

PeHTreHonoriyHMM nigTBepA’KEHHAM LbOro cTaHy 6ynu
03HaKu «NOBITPAHOI NacTKW» Y BigfaneHHOMy nepiogi y Tux,
xT0 nepexus Kosia-19. MoBiTpAHi nactku 6ynu nomiyeri
npu ekcnipatopHin KT y 29 % xBopux, paHiwe rocnitaniso-
BaHWX 3 NPUBOAY MHEBMOHIT KOBiA-19, npruyomy ix KinbKicTb
6yna 3Ha4yHO BULLOIO B FPYMi XBOPUX 3 BaXKKOI MHEBMOHIEIO
[102, 103]. HeAacHo, uM € NoBITpAHa NacTKa MNPOABOM 3BO-
POTHOrO 3ananeHHA [uxanbHWUX LWAAXiB, NEePBMHHOrO
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MOLWKOAXKEHHA AuXanbHMUX WNAXiB BHachigok Kosia-19,
obnitepytouoro noctiHdeKLUinHOro 6poHxionity, HacniaKis
I'PAC abo akorochb iHworo npouecy [77].

JlezeHesa mpomb6oembosia TUNoBa Ana BaKKoi popmu
KoBia-19 [104] uepe3 po3BUTOK TPoMOO3Y B GinbLu ApPibHKX
nereHeBux cyanHax [39] BHacnigoK nigsueHol Koarynauii
Ta AnchyHKUiT eHgoTenianbHUX KNituH [105]. Yepes 3 micaui
nicna 3apaxeHHs Kogia-19 HasaBHICTb Tpomboembonii nere-
HeBoI apTepii 6yno BctaHoBneHo npu KT-aHriorpadii nuwe
y Tpbox (5,5 %) 3 55 nauieHTiB 3 pecnipaTopHUMM CUMMTO-
MaMWu, NPU LibOMY XOfEH 3 HUX He OTPKMYBaB NpodinakTny-
HOI aHTMKOarynAHTHOI Tepanii nig Yac rocnitanisadii [106].
JlereHeBuni eHOOTENIIT, AKUI € BaXKNMBOK O3HAKO roCTPO-
ro Kosig-19, moxe TpuBano 36epiratica B nepiof ofyxaH-
HA, WO OOYMOBJIOE MIABULLEHUI PU3MK TpoMOoeMbonii
nereHeBoOi apTepii i, MOXMBO, PO3BUTOK NlereHeBoi rinep-
TeH3ii [107] Ta XPOHiIYHOI TPOMO6OEMOONIUHOI nereHeBol
rinepteHsii [108].

TakMM YNHOM, MOXTMBMMY MPUYNHAMM CTINKOT 3aAMLL-
K1 Npu NOCTKOBIAHOMY CMHAPOMI, 0COONMBO NiCNA BaXKKOTr0
3aXBOPIOBAHHA, OKPIM IHTEPCTULINHOI NMHEBMOHIT 3 nopy-
WweHHAM AndY3iiHOT CMPOMOXKHOCTI NlereHb, MOXyTb OyTu
TpomboemMb60nii, MOWKOMKEHHA cepusa, CUHAPOM nicnA
iHTeHCMBHOI Tepanii (mionartia, TpuBora, AucdyHKLioHanbHe
JnXaHHA) [65].

3a pe3ynbTataMmu 6inbLIOCTI NpoaHani3oBaHUX JOCNi-
IXKeHb, HaABHICTb 6poHxiansHoi acmmu (BA) y XxBopux Ha
KoBia-19 He cynpoBogxxyBanacb NiABULIEHUM PU3NKOM
rocnitanisauii, HagXoO>KeHHA A0 peaHimauinHoro Bigai-
NeHHsA, iHTybauil / WTy4yHOI BEHTUNAUI nereHb, BULLMM
KNiHIYHUM CTyneHeMm TAXKKOCTi abo piBHEM NeTanbHOCTI
[109, 110, 111]. He BuKntoyeHo, Lo Lie Moxe 6yTn nos'A3a-
HO 3i 3HWXKeHot ekcnpecieo AMND2 Ha doHi nepeBakato-
Yyoro 3ananeHHa 2 Tuny npu actmi abo aneprii. OgHak
LOopoci 3 BaXKow ¢GOpMOI acTMM Manu nNiaBULLEHUN
pY3nK iHTEHCMBHOI Tepanii Ta cmepTi Big Kosig-19 [112,
113, 114], wo moxe 6yt 06yMOBNEHO MexaHi3maMu, aHa-
noriyHnumm Takum npm XO3J1.

3a paHuMn GpuTaHCbKuxX pocnigHukie [115], cepep
OHnanH-onuTyBaHux 4500 xBopux Ha bA, nauieHTn, Aki
nepeHecnn Kosia-19 (takux 6yno 10,5 %), yacTiwe BUKo-
pucToByBanu iHranatopu, 56 % cepef HUX NOBIAOMUAN
npo Te, wo manun tpmusanun COVID, npu AKOMY BOHW YacTi-
we, HiX Ti xBopi Ha BA, y Koro He 6yno long COVID, Bigmi-
Yanu ripwe auxaHHa (74 % npoTtn 35 %), Ginbw yacto
BMKOpUCTOBYBanu iHranatopu (68 % npotn 35 %). OTxe,
TpWBasi CUMNTOMM YacToO 3yCTpivaloTbCcA y nofen 3 acT-
moto nicna Kosia-19.

Mpwn 3axBoptoBaHHi Ha KoBia-19 xsopum Ha bA peko-
MEHJO0BaHO MPOJOBXYBaTW MPUIAOM YCiX peKomeHAoBa-
HUX NpenaparTiB, y TOMY YNCAi iHranAuinHuUX Ta nepopanb-
HUX KOPTUKOCTepoigiB. HewoaaBHi AOCNiAKEHHA BKasy-
I0Tb Ha Te, WO BUKOPUCTAHHA iHranAuiiHUX KOpTUKOCTe-
poigiB npurHiyye ekcnpecito peuentopa AMN®2 Ta 1oro
3B'A3yBaHHA 3 SARS-CoV-2 uepe3 iHTepdepoH3anexHui
mexaHi3m | Tuny [116].

BctaHoBneHo, Wo akmusHuUl myb6epKysnbo3 sezeHb €
baKkTopoMm pr3MKy TAXKKOro nepebiry xsopobu Ta cMepTi y
nauienTiB 3 KoBig-19 [117, 118]. Lle MOXXN1MBO MOACHUTU
MM, Wo crnoyvatky Th1 imyHHa Bignosiab Ha SARS-CoV-2
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NigCUNI0E akTUBHICTb MaKpodariB B iereHax, a BianoBsiab
Th17 cnpusae mirpauii Ta akTmMBauii HenTpodinis, Wo LwWwe
Ginblue NOCUIIOE 3ananbHUI Npouec. AnAa 3HMKEeHHA UnX
Bignosigen nigeuwyeTbca npoaykuia J1-10 i gndepeHuia-
uia Treg, WO 3HMXKYE KNITUHHUIA 3aXMCT NPOTU MikobaKTe-
pin Ta Bignogigb IFN-y Ha Bipyc. Lle npn3soguTb o BULWOI
3aXBOPIOBAHOCTI Ta CMEPTHOCTI XBOPWUX Ha aKTUBHWIA
Ty6epkynbos [119].

MNpoTtunexHa kKapTuHa npu Koeig-19 cnoctepiraerbca y
0Ci6 3 HaABHICTIO NaTeHTHoro Ty6epkynbo3y (JIT6) [120]. Y
BiANoOBiAb Ha iHBa3ilo Bipyca T-KniTnHW i Makpodaru Bmpo-
6naTb IFN-y, TNF-a i IL-2, Aki 36inbwyoTb KinbKicTb Ta
aKTUBHICTb T-KNiTUH, WO MiACUNIOTb IMyHHY perynauito
rpaHynboMu, AKa yTpUMye mikobakTepii [121, 122, 123]. Mpwn
LbOMy nauieHT 3 6e3cumnToMHUM Kogig-19 i JIT6 manu
6inbll BMCOKY abCoOMIOTHY KinbKicTb niMpounTiB Ta piBHI
npo3ananbHUX UUTOKIHIB CMPOBATKM MOPIBHAHO 3 NaLli€HTa-
MU nuwe 3 KoBia-19 6e3 Ty6epkynbosy [124].

Omxke, y nauieHTis 3 JIT6 Ta KoBia-19 BinbyBaeTbca no3u-
TUBHa iMyHOMOAYynALiA NpoTu Kosia-19, MMOBIpHO, 3aBAAKN
TPEHOBaHOMY BPOKEHOMY iMYHITETY Ta nepexpecHomy
reTeponioriyHoMy iMyHiTeTy, WO MO3UTVMBHO BMJIMBA€E Ha
pe3synbTat [125, 126].

Y HeBenKoMy BiACOTKY Maui€HTiB i3 KoBia-19 B pe3ynb-
TaTi HE3BMYANHOT IMYHHOI peakLii Ha BipyC MOXYTb BUHMKa-
T aymoiMyHHI pedkuyil, KON iMyHHa cucTema CrpAMOBYE
CBOI0 aKTVBHICTb MPOTY BNACHMX TKaHWH OpraHiamy, cnpuii-
Matouu ix MOMUISIKOBO fIK 3arpo3y uu iHdekuito. Hanpuknag,
cuHopowm lilieHa-bappe —pifKkicHe HEBPOMOriyHe 3axXxBOpIo-
BaHHA, NPU AKOMY IMyHHi KNITUHW aTakyloTb HEPBOBI KNiTH-
HW OpraHi3amy 3 pO3BMTKOM M A30BOI CTabKOCTi Pi3HMX rpyn
M AA3iB (Hir BNNOTb JO Napanuuen, pyk, 0bnuyus, gmuxanbHUX
M A3iB, —LLO 3aTPYAHAE AMXaHHSA, Ta iH.) [127]. Y peakux
Bunagkax Kosig-19 6ynu 3apeectpoBaHi sackynimu —
3ananbHi peakuil, Wo Bpa)alTb CYAMHM PI3HWUX OpraHis 3
nopyuweHHam ix ¢yHkuii [128]. 3okpema, xsopoba
Kasacaki —rocTpuini rapAYKOBUN CUCTEMHUA [UTAYNN
BaCKy/i, HaMYacTiLVMN CKapramu npu AKOMY € JIMXOMaHKa
6inbLe 3 gHiB, 6inb B »KMBOTI, 6/10BOTA, Aiaped, YepBOHi oui
i BUCMN Ha Tyny6i, yacTiiwe 3 nerkumu pecnipatopHUMK
cMMmnToMamu abo 6e3 Hux [129, 130]. Y geaknx nauieHTis 3
KoBia-19 MOXyTb BWHWNATU aymoimyHHUU mupeoioum,
mpomboyumoneHisa, cemonimuyHa aHemia [131, 1321,

MocTBakuMHanbHi HacNigKM

€ oKpeMi NoBiIJOMIIEHHS, WO NOAIGHI aymoimyHHI peak-
yil MOXyTb PO3BUBATUCH i nicia 8akyuHayii 8io Koeio-19.
3BMYalHO Ta HaMbINbLL YaCTO peakLielo Ha BaKLMHaLito
npotu KoBia-19 € nobiuHi epextn [133,134] Big nerkmnx mic-
LeBrX NposBiB (6inb y micui iH'eKLii) O CUCTEMHMX CUMMTO-
MiB (lnxoMaHKa, ronoBHui 6inb). Mpw 8akyuHo-iHOyKosaHil
mpombomuyHiti mpomboyumoneHii (abo Tpomb03i 3 CUH-
apomom TpombouwmToneHii) [135, 136] yci ypaxeHi monogi
Ta paHille 3J0POBi NaLieHT! Manu nporpecytoyi Tpomoy,
nepeBa)kHO Ha aTMMOBUX AiNAHKaX, BK/OYalounm Tpombo3
uepebpanbHNUX BEHO3HUX CUHYCIB, BHYTPILWHIA BEHO3HUN
Tpom603 Ta TPOMO60eMOO0ito NereHeBoi apTepii B NOEAHAH-
Hi 3 TPOMOOLMTOMNEHIEI NiCNIA OTPUMAHHA BaKUMHW NPOTH
KoBig-19. MoTeHUinHMMKM Hacnigkammn BakLUMHYBaHHA NPOTU
KoBig-19 moxyTb 6yTn miokapoum [137], IgA-BackyniT (xeo-

poba llleHnalH-leHoxa) [138], sos4yakosul Hegppum,
bazedosa xeopoba. MNobiuHi epekT € Ginbll BaKKNUMU Yy
XiHOK Ta monogux nogen [139]. MNpu ubomy nauieHTn
Jobpe pearyBanu Ha NikKyBaHHA BUCOKMMMK [03aMU BHY-
TPiLWHbOBEHHOTO iMyHOrnobyniHy, NpepaHi30NoHy, rigpo-
KcmxnopoxiHy [140].

IMOBipHI MexaHi3mu, ki NPU3BOAATb A0 ayTOIMYHHIX
nposBiB Npu BakumHaLii npoTun Kosig-19, BkntoyaoTb Mone-
KynAPHY MIiMiKpilo, BUPOONEHHA ayTOaHTUTIN, NEBHY POfb
MOXYTb rpati geaki ag'toBaHTy BakumH [141, 142, 143]. Li
ABULLA TaKOXK MOXKYTb 6yTU NOBIYHMM NPOJYKTOM TMYaco-
Boro cnnecky npogykuii IFN-1 [144] . B uinomy 3anuwaertbca
MOKW 3aNMLWAETbCA BIAKPUTMM NMUTAHHA: UM € NPUYMHHO-Ha-
CNigKoBMI 3B’A30K MixK BaKLMHO npoTu KoBig-19 Ta ayToi-
MYHHUMM NPOABaMU, YN Lie BUMaZKoBICTb [145].

[lo sakyuHo-acouitiosaHoi nimgpadeHonamii  nicna
wenneHHA npotn SARS-CoV-2 BigHOCATL XBOpPOOAMBY abo
6e36onicHy npunyxnictb abo 36inblieHHA NiMdaTUUHNX
BY3niB (3a3BMuall B NaxBoBii 06nacTi, NOTIM B HagKMoUNY-
Homy i wunHomy Bigainax) (< 1,1 % Bunapkis), Aka nNos’sA3a-
Ha 3 peakTUBHUMW 3MiHamu nimdoBy3nis [146, 147, 148].
3HayHO yacTiwe ue crnocTepiranocb NpU 3acTOCyBaHHI
MPHK-BakunHu [149]. Taka peakuia Tpuae€ Big 10 gHiB Ao
ABox micauis [150]. AKWo BOHa TpMBaEe JOBLUe, CAif 3anpo-
noHyBatu 6Gioncito gna gudepeHuialii 3 MeTacTaTUYHO
nimdageHonartieto [151].

Y nepeBaxHoi 6inbWoCTi ntogen nicna nepeHeceHoro
KoBig-19 BMpo6RAeTbca npupooHuUl iMyHimem - KRiTUH-
HO-oMnocepefKoBaHUI i rymopanbHUN, AKNA 3abe3neuye
3aXMCT Bifj MOBTOPHOIO 3apa)eHHA Ta BaKKMX 3aXBOpIo-
BaHb, TOOTO GOPMYETbCA iMyHOM02iuHa nam’ame [152]. Y
pa3i NOBTOPHOro 3apakeHHA BipyCHe HaBaHTa)eHHA npu-
6n13HO B 10 pasiB HYXKYe, HiXK NPU NEPBMHHOMY 3aparkeH-
Hi [153], a BUpa)KeHiCTb CUMNTOMIB 3HAYHO HUXKYA, 3 MEH-
WM cTyneHem rocnitanisadin (0,06%) Ta BKpal H13bKOIO
neTanbHicTIo.

3axucHi aHTuTING i B-KniTHW nam’aTi 6ynu BuABNeHi B
6araTbox AOCNigXKeHHAX yepe3 12-18 micauiB Ta JoBlle
nicna opgyxaHHA [152, 154]. KniTnHHa BignoBigb Ha OCHOBI
T-nimdpouuTiB, AKa € OCHOBHOI Npu Oyab-AKOMY iHbeKLin-
HOMY 3aXBOPIOBaAHHI, aKTUBYETbCA i 3aNMLLIAETHCA aKTUBHOIO
HaBiTb MpPW BiACYTHOCTI rymopanbHoi Bignosigi. T-CD8+,
T-CD4+ nenkouuTtw BigirpaloTb BupilanbHy posb Yy Nig-
TPUMUi aHaMHeCcTUYHOI Bignosigi [155, 156]. binbw paHHE
pocnipkeHHa iHdekuii SARS-CoV Bxe nokasano, Lo Bigno-
Bifi Ha cTpyKTypHi 6inkm SARS-CoV 36epiratotbca fo 11
POKiB MicnA 3apakeHHA [157].

lepexpecHa iMyHOM02i4HA peakmusHicme nonepeHix
Ce30HHUX KOPOHaBipyCcHMX iHdEeKUin MOTeHUiHO MoXe
mopynoBatn npodinb aHTUTIN Ao iHdekuii SARS-CoV-2
[158]. Tak, knitnHn CD4+ y 40-60 % ntogen, WO He KOHTakK-
TyBanu 3 paHiwe 3 SARS-CoV-2, BignosigaTb Ha HbOro, —
WO CBIAYMTb NPO NepexpecHy pPeakTUBHICTb T-KMITUH MiXK
LMPKYIOIUYNMA «XONOLHMMM» KOpOHaBipycamm Ta SARS-
CoV-2[159] . Lisa KopucHa imyHonoriyHa nam’aTb Ma€ KiiHiy-
Hi HacnigKM 3 TOUYKM 30pYy MOM'AKLEHHA Hacnigkis SARS-
CoV-2 iHdekuii [160].

MpupopHa iHdeKuUia Npr3BOAUTb A0 GinbLIOT NpoayKLil
IgA Ha NOBepXHi CNM30BOI HOCOINOTKM, AKa MA€ 3[aTHICTb
HenTpanisyBaT iHOEKLil0 Yy BEPXHIX AUXaNbHUX LWAAXaxX
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npoTArom gekinbkox micauis [161, 162], Togi AK BakumMHauiA
BMKIMKAE BUPOOIEHHA IgA B C/IM30BUX OOOSIOHKAX MiHi-
MaJibHO.

BakyuHoiHOyKo8aHuUUl iMyHimem 3raca€ WBWALe, HiX
NPUPOAHUI NOCTKOBIAHWI iMYHITET. Y BakUMHOBaHMX 0OCiO
CNoYaTKy BWCOKI TUTPU aHTUTIA 3meHwWyTbca Ao 40 %
KOXXEH HaCTyMHWUI MicALb, Male 3HMKalun npuobnnsHo
yepes N'ATb MicAUIB NicNA APYroi Ao3u, TOAI AK Y peKoHBa-
NeCUEHTIB 3HWKEHHA CTaHOBUTb GNM3bKO 5 % Ha MicAupb.
[163]. BakumHauia 3HUXKYE pu3nK 3apakeHHA Kosig-19 i
rocnitanisauii Ha TepmiH go 9 micauis [154].
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BakyuHayis oci6, wo nepeHecnu Kogio-19, noBuHHa 6yt
nepeoLiHeHa, OCKiNbK1 Nofanblue BBeAEHHA BaKLMHW, OCO-
6511BO 3 APYroto 103010, He MPY3BOANTL A0 3HAYHOIO NoAin-
LLIEHHA iIMyHITeTY, ane 3poCTaE YacToTa i BaXKKiCTb MOGIYHMX
peakuii [164-1671].

Takmm YMHOM, iIMYHOMOTIYHI MeXxai3mu rpatoTb fyxe
BaXNUBY POJib B BUHNKHEHHi BaXXKoro nepebiry Ta ycknag-
HeHb KoBig-19. PO3yMiHHA onmncaHnx natoreHeTUYHMX 0Co-
6nuBocTen KoBia-19 gonomarae agekBaTtHO Ta edpeKTUBHO
NiKyBaTV XBOPUX 3 FOCTPUM Ta TprBanum nepebirom iHdek-
uii Ta it Hachigkamn.

REFERENCES

1. Lan J, et al. Structure of the SARS-CoV-2 spike receptor-binding domain bound to the ACE2
receptor. Nature. 2020;581(7807):215-220. doi: 10.1038/541586-020-2180-5.

2. Gheblawi M, et al. Angiotensin-Converting Enzyme 2: SARS-CoV-2 Receptor and Regulator of
the Renin-Angiotensin System: Celebrating the 20th Anniversary of the Discovery of ACE2.
Circ Res. 2020;126(10):1456-1474. doi: 10.1161/CIRCRESAHA.120.317015.

3. Liu J, et al. SARS-CoV-2 cell tropism and multiorgan infection. Cell Discov. 2021;7(1):17. doi:
10.1038/541421-021-00249-2.

4. Moss P. The T cell immune response against SARS-CoV-2. Nat Immunol. 2022;23(2):186-193.
doi: 10.1038/541590-021-01122-w.

5. Robison HM, et al. Risk assessment of latent tuberculosis infection through a multiplexed
cytokine biosensor assay and machine learning feature selection. Sci Rep. 2021;11(1):20544.
doi: 10.1038/541598-021-99754-3.

6. CoxRJ, Brokstad KA. Not just antibodies: B cells and T cells mediate immunity to COVID-19. Nat
Rev Immunol. 2020;20:581-582. doi: 10.1038/541577-020-00436-4

7.  Bertoletti A, Tan AT, Le Bert N. The T cell response to SARS-CoV-2: kinetic and quantitative
aspects and the case for their protective role. Oxf Open Immunol 2021;23:iqab006.
doi: 10.1093/oxfimm/iqab006.

8.  Costela-Ruiz VJ, etal. SARS-CoV-2 infection: The role of cytokines in COVID-19 disease. Cytokine
Growth Factor Rev 2020;54:62-75. doi: 10.1016/j.cytogfr.2020.06.001.

9.  Tjan LH, et al. Early differences in cytokine production by severity of coronavirus disease
2019. J Infect Dis. 2021;223:1145-1149. doi: 10.1093/infdis/jiab005.

10. Diani S, et al. SARS-CoV-2-The Role of Natural Immunity: A Narrative Review. J Clin Med. 2022
Oct 25;11(21):6272. doi: 10.3390/jcm11216272.

11.  Damiati LA, et al. Implications of SARS-CoV-2 infection on the clinical, hematological, and
inflammatory parameters in COVID-19 patients: A retrospective cross-sectional study. J Infect
Public Health. 2022;15:214-221. doi: 10.1016/j.jiph.2021.12.013

12. Lee J, et al. Lymphopenia as a biological predictor of outcomes in COVID-19 patients: A
nationwide cohort study. Cancers (Basel). 2021;13:471. doi: 10.3390/cancers13030471.

13. de Wit E, et al. SARS and MERS: recent insights into emerging coronaviruses. Nat. Rev.
Microbiol. 2016;14:523-534. doi: 10.1038/nrmicro.2016.81.

14. Li X, et al. Molecular immune pathogenesis and diagnosis of COVID-19. Journal of
Pharmaceutical Analysis. 2020. doi: 10.1016/j.jpha.2020.03.001.

15. Sun X, Wang T, Cai D, et al. Cytokine storm intervention in the early stages of COVID-19
pneumonia. April 2020. Journal Pre-proof. Cytokine & Growth Factor Reviews 53. https://doi.
0rg/10.1016/j.cytogfr.2020.04.002.

16. Diao B, et al. Reduction and functional exhaustion of T cells in patients with coronavirus
disease 2019 (COVID-19). Front Immunol. 2020;11:827. doi: 10.3389/fimmu.2020.00827.

17. Lai CC, et al. Asymptomatic carrier state, acute respiratory disease, and pneumonia due to
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2): Facts and myths. J Microbiol
Immunol Infect. 2020;4.pii:S1684-1182(20)30040-2. doi: 10.1016/.jmii.2020.02.012.

18. Liu Y, et al. Viral dynamics in mild and severe cases of COVID-19. Lancet Infect Dis. 2020.
Doi:https://doi.org/10.1016/51473-3099(20)30232-2.

19. Chen N, etal. Epidemiological and clinical characteristics of 99 cases of 2019 novel coronavirus
pneumonia in Wuhan, China: a descriptive study. Lancet 2020;395:507-513. doi:10.1016/
S0140-6736(20)30211-7.

20. DeBruyn A, et al. Secondary infection in COVID-19 critically ill patients: A retrospective single-
center evaluation. BMC Infect. Dis. 2022;22:207. doi: 10.1186/512879-022-07192-x.

21. Pourajam S, et al. Secondary Bacterial Infection and Clinical Characteristics in Patients With
COVID-19 Admitted to Two Intensive Care Units of an Academic Hospital in Iran During the
First Wave of the Pandemic. Front. Cell Infect. Microbiol. 2022;12:784130. https://doi.
0rg/10.3389/fcimb.2022.784130.

22. Labo N, Ohnuki H, Tosato G. Vasculopathy and Coagulopathy Associated with SARS-CoV-2
Infection. Cells. 2020;9(7):1583. https://doi.org/10.3390/cells907158.

23.  Mitrani RD, Dabas N, Goldberger JJ. COVID-19 cardiac injury: Implications for long-term
surveillance and outcomes in survivors. Contemporary Review. Heart Rhythm Society. June
2020;26:1547-5271. doi: 10.1016/j.hrthm.2020.06.026.

24. Bonaventura A, et al. Endothelial dysfunction and immunothrombosis as key pathogenic
mechanisms in COVID-19. Nat Rev Immunol. 2021;21:319-329. doi: 10.1038/541577-021-
00536-9.

25.  Abou-Ismail MY, et al. The hypercoagulable state in COVID-19: Incidence, pathophysiology,
and management. Review Article. 2020;194:101-115. doi: https://doi.org/10.1016/j.
thromres.2020.06.029.

26. Costanzo L, et al. Coagulopathy, thromboembolic complications, and the use of heparin in
COVID-19 pneumonia. Venous and lymphatic disease in the COVID-19 pandemic.
2020;8(5):711-716. doi: 10.1016/j.,jvsv.2020.05.018.



ornagn NiTEPATYPU 19

27. Lemke G, Silverman GJ. Blood clots and TAM receptor signalling in COVID-19 pathogenesis. 27. Lemke G, Silverman GJ. Blood clots and TAM receptor signalling in COVID-19 pathogenesis.
Nature Reviews Immunology. 2020;20:395-396. doi: 10.1038/541577-020-0354-x. Nature Reviews Immunology. 2020;20:395-396. doi: 10.1038/541577-020-0354-x.

28. Huang C, et al.Clinical features of patients infected with 2019 novel coronavirus in Wuhan, 28. Huang C, et al.Clinical features of patients infected with 2019 novel coronavirus in Wuhan,
China. Lancet. 2020;395:497-506. doi: 10.1016/50140-6736(20)30183-5. China. Lancet. 2020;395:497-506. doi: 10.1016/50140-6736(20)30183-5.

29. Yang X, et al. Clinical course and outcomes of critically ill patients with SARS-CoV-2 29. Yang X, et al. Clinical course and outcomes of critically ill patients with SARS-CoV-2
pneumonia in Wuhan, China: a single-centered, retrospective, observational study. Lancet pneumonia in Wuhan, China: a single-centered, retrospective, observational study. Lancet
Respir Med. 2020. doi: 10.1016/52213-2600(20)30079-5. Respir Med. 2020. doi: 10.1016/52213-2600(20)30079-5.

30. LeungJM, et al. ACE-2 Expression in the Small Airway Epithelia of Smokers and COPD Patients: 30. LeungJM, et al. ACE-2 Expression in the Small Airway Epithelia of Smokers and COPD Patients:
Implications for COVID-19. Eur Respir J. 2020;55(5):2000688. doi: 10.1183/13993003.00688- Implications for COVID-19. Eur Respir J. 2020;55(5):2000688. doi: 10.1183/13993003.00688-
2020. 2020.

31. Sardu C, et al. Hypertension, Thrombosis, Kidney Failure, and Diabetes: Is COVID-19 an 31. Sardu C, et al. Hypertension, Thrombosis, Kidney Failure, and Diabetes: Is COVID-19 an
Endothelial Disease? A Comprehensive Evaluation of Clinical and Basic Evidence.J. Clin. Med. Endothelial Disease? A Comprehensive Evaluation of Clinical and Basic Evidence.J. Clin. Med.
2020;9(5):1417. https://doi.org/10.3390/jcm9051417. 2020;9(5):1417. https://doi.org/10.3390/jcm9051417.

32.  Guan W-J, et al. Comorbidity and its impact on 1590 patients with COVID-19 in China : a 32. Guan W-J, et al. Comorbidity and its impact on 1590 patients with COVID-19 in China : a
nationwide analysis. Eur Respir J. 2020;55(5):2000547. doi: 10.1183/13993003.00547-2020. nationwide analysis. Eur Respir J. 2020;55(5):2000547. doi: 10.1183/13993003.00547-2020.

33. Dwyer CJ, et al. Comparative analysis of antibodies to SARS-CoV-2 between asymptomatic 33. Dwyer CJ, et al. Comparative analysis of antibodies to SARS-CoV-2 between asymptomatic
and convalescent patients. 2021;24:102489. https://doi.org/10.1016/j.isci.2021.102489. and convalescent patients. 2021;24:102489. https://doi.org/10.1016/j.isci.2021.102489.

34. Ortega N, et al. Seven-month kinetics of SARS-CoV-2 antibodies and role of pre-existing 34. Ortega N, et al. Seven-month kinetics of SARS-CoV-2 antibodies and role of pre-existing
antibodies to human coronaviruses. Nat. Commun. 2021;12:4740. doi: 10.1038/541467-021- antibodies to human coronaviruses. Nat. Commun. 2021;12:4740. doi: 10.1038/541467-021-
24979-9. 24979-9.

35. Guan W-J, et al. Clinical characteristics of coronavirus disease 2019 in China. N Engl J 35. Guan W-J, et al. Clinical characteristics of coronavirus disease 2019 in China. N Engl J
Med. 2020;382:1708- 1720. doi: 10.1056/NEJM0a2002032. Med. 2020;382:1708- 1720. doi: 10.1056/NEJM0a2002032.

36. Wu Z, McGoogan JM. Characteristics of and important lessons from the coronavirus disease 36. Wu Z, McGoogan JM. Characteristics of and important lessons from the coronavirus disease
2019 (COVID-19) outbreak in China: summary of a report of 72314 cases from the chinese 2019 (COVID-19) outbreak in China: summary of a report of 72314 cases from the chinese
center for disease control and prevention. JAMA. 2020;323:1239-1242. doi: 10.1001/ center for disease control and prevention. JAMA. 2020;323:1239-1242. doi: 10.1001/
jama.2020.2648. jama.2020.2648.

37. Zhang Q et al. Clinical features and prognostic factors of patients with COVID-19 in Henan 37. Zhang Q, et al. Clinical features and prognostic factors of patients with COVID-19 in Henan
Province, China. Hum Cell. 2021;34:419-435. doi: 10.1007/513577-021-00499-y. Province, China. Hum Cell. 2021;34:419-435. doi: 10.1007/513577-021-00499-y.

38. Carsana L, et al. Pulmonary postmortem findings in a series of COVID-19 cases from northern 38. Carsana L, et al. Pulmonary postmortem findings in a series of COVID-19 cases from northern
Italy: a two-centre descriptive study. Lancet Infect Dis 2020;20:1135-1140. doi: 10.1016/51473- Italy: a two-centre descriptive study. Lancet Infect Dis 2020;20:1135-1140. doi: 10.1016/51473-
3099(20)30434-5. 3099(20)30434-5.

39. Ackermann M, et al. Pulmonary vascular endothelialitis, thrombosis, and angiogenesis in 39. Ackermann M, et al. Pulmonary vascular endothelialitis, thrombosis, and angiogenesis in
Covid-19. N Engl J Med. 2020;383:120-128. doi: 10.1056/NEJMoa2015432. Covid-19. N Engl J Med. 2020;383:120-128. doi: 10.1056/NEJM0a2015432.

40. Lang M, et al. Hypoxaemia related to COVID-19: vascular and perfusion abnormalities on dual- 40. Lang M, et al. Hypoxaemia related to COVID-19: vascular and perfusion abnormalities on dual-
energy CT. Lancet Infect Dis. 2020;20:1365-1366. doi: 10.1016/51473-3099(20)30367-4. energy CT. Lancet Infect Dis. 2020;20:1365-1366. doi: 10.1016/51473-3099(20)30367-4.

41.  Petersson J, Glenny RW. Gas exchange and ventilation-perfusion relationships in the lung. Eur 41.  Petersson J, Glenny RW. Gas exchange and ventilation-perfusion relationships in the lung. Eur
Respir J. 2014;44:1023-1041. doi: 10.1183/09031936.00037014. Respir J. 2014;44:1023-1041. doi: 10.1183/09031936.00037014.

42. Sardu C, et al. Hypertension, Thrombosis, Kidney Failure, and Diabetes: Is COVID-19 an 42. Sardu C, et al. Hypertension, Thrombosis, Kidney Failure, and Diabetes: Is COVID-19 an
Endothelial Disease? A Comprehensive Evaluation of Clinical and Basic Evidence.J. Clin. Med. Endothelial Disease? A Comprehensive Evaluation of Clinical and Basic Evidence.J. Clin. Med.
2020;9(5):1417. https://doi.org/10.3390/jcm9051417. 2020;9(5):1417. https://doi.org/10.3390/jcm9051417.

43. Casa LD, Deaton DH, Ku DN. Role of high shear rate in thrombosis. J Vasc Surg. 2015;61:1068- 43. Casa LD, Deaton DH, Ku DN. Role of high shear rate in thrombosis. J Vasc Surg. 2015;61:1068-
1080. doi: 10.1016/j.jvs.2014.12.050. 1080. doi: 10.1016/j.jvs.2014.12.050.

44. Kotwica A, et al. Intrapulmonary shunt measured by bedside pulse oximetry predicts worse 44. Kotwica A, et al. Intrapulmonary shunt measured by bedside pulse oximetry predicts worse
outcomes in severe COVID-19. Eur Respir J. 2021;57. doi: 10.1183/13993003.03841-2020. outcomes in severe COVID-19. Eur Respir J. 2021;57. doi: 10.1183/13993003.03841-2020.

45.  Aveyard P, et al. Association between preexisting respiratory disease and its treatment, and 45.  Aveyard P, et al. Association between preexisting respiratory disease and its treatment, and
severe COVID-19: a population cohort study. Lancet Respir Med. 2021;9:909-923. doi: 10.1016/ severe COVID-19: a population cohort study. Lancet Respir Med. 2021;9:909-923. doi: 10.1016/
$2213-2600(21)00095-3. $2213-2600(21)00095-3.

46. Singh D, Mathioudakis AG, Higham A. Chronic obstructive pulmonary disease and COVID-19: 46. Singh D, Mathioudakis AG, Higham A. Chronic obstructive pulmonary disease and COVID-19:
interrelationships. Curr Opin Pulm Med. 20221;28(2):76-83. doi: 10.1097/MCP.0000000000000834. interrelationships. Curr Opin Pulm Med. 20221;28(2):76-83. doi: 10.1097/MCP.0000000000000834.

47.  Xiao WW, et al. Is chronic obstructive pulmonary disease an independent predictor for adverse 47. Xiao WW, etal. Is chronic obstructive pulmonary disease an independent predictor for adverse
outcomes in coronavirus disease 2019 patients? Eur Rev Med Pharmacol Sci. 2020;24:11421- outcomes in coronavirus disease 2019 patients? Eur Rev Med Pharmacol Sci. 2020;24:11421-
11427. doi: 10.26355/eurrev_202011_23635. 11427. doi: 10.26355/eurrev_202011_23635.

48 Cai G, et al. Tobacco smoking increases the lung gene expression of ACE2, the receptor of 48 Cai G, et al. Tobacco smoking increases the lung gene expression of ACE2, the receptor of
SARS-CoV-2. Am J Respir Crit Care Med. 2020;201:1557-1559. doi: 10.1164/rccm.202003- SARS-CoV-2. Am J Respir Crit Care Med. 2020;201:1557-1559. doi: 10.1164/rccm.202003-
0693LE. 0693LE.

49. Jacobs M, et al. Increased expression of ACE2, the SARS-CoV-2 entry receptor, in alveolar and 49. Jacobs M, et al. Increased expression of ACE2, the SARS-CoV-2 entry receptor, in alveolar and
bronchial epithelium of smokers and COPD subjects. Eur Respir J. 2020;56:2378-2382. doi: bronchial epithelium of smokers and COPD subjects. Eur Respir J. 2020;56:2378-2382. doi:
10.1183/13993003.02378-2020. 10.1183/13993003.02378-2020.

50. Smith JC, et al.. Cigarette smoke exposure and inflammatory signaling increase the expression 50. Smith JC, et al.. Cigarette smoke exposure and inflammatory signaling increase the expression
of the SARS-CoV-2 receptor ACE2 in the respiratory tract. Dev Cell 2020;53:514-529. e3. doi: of the SARS-CoV-2 receptor ACE2 in the respiratory tract. Dev Cell 2020;53:514-529. e3. doi:
10.1016/j.devcel.2020.05.012. 10.1016/j.devcel.2020.05.012.

51.  Shukla SD, et al. The main rhinovirus respiratory tract adhesion site (ICAM-1) is upregulated in 51.  Shukla SD, et al. The main rhinovirus respiratory tract adhesion site (ICAM-1) is upregulated in
smokers and patients with chronic airflow limitation (CAL). Respir Res. 2017;18:6. doi: 10.1186/ smokers and patients with chronic airflow limitation (CAL). Respir Res. 2017;18:6. doi: 10.1186/
512931-016-0483-8. 512931-016-0483-8.

52.  Higham A, Singh D. Increased ACE2 expression in bronchial epithelium of COPD patients who 52. Higham A, Singh D. Increased ACE2 expression in bronchial epithelium of COPD patients who
are overweight. Obesity (Silver Spring) 2020;28:1586-1589. doi: 10.1002/0by.22907. are overweight. Obesity (Silver Spring) 2020;28:1586-1589. doi: 10.1002/0by.22907.

53.  Watson A, et al. Dysregulation of COVID-19 related gene expression in the COPD lung. Respir 53.  Watson A, et al. Dysregulation of COVID-19 related gene expression in the COPD lung. Respir
Res. 2021;22:164. doi: 10.1186/512931-021-01755-3. Res. 2021;22:164. doi: 10.1186/512931-021-01755-3.

54. Ashitani J, et al. Elevated plasma procoagulant and fibrinolytic markers in patients with 54. Ashitani J, et al. Elevated plasma procoagulant and fibrinolytic markers in patients with
chronic obstructive pulmonary disease. Intern Med 2002;41:181-185. doi: 10.2169/ chronic obstructive pulmonary disease. Intern Med 2002;41:181-185. doi: 10.2169/
internalmedicine.41.181. internalmedicine.41.181.

55.  Vaidyula VR, et al. Circulating tissue factor procoagulant activity is elevated in stable moderate 55. Vaidyula VR, et al. Circulating tissue factor procoagulant activity is elevated in stable moderate
to severe chronic obstructive pulmonary disease. Thromb Res 2009;124:259-261. doi: to severe chronic obstructive pulmonary disease. Thromb Res 2009;124:259-261. doi:
10.1016/j.thromres.2008.12.030. 10.1016/j.thromres.2008.12.030.

56. Cella G, et al. Plasma markers of endothelial dysfunction in chronic obstructive pulmonary 56. Cella G, et al. Plasma markers of endothelial dysfunction in chronic obstructive pulmonary
disease. Clin Appl Thromb Hemost 2001;7:205-208. doi: 10.1177/107602960100700304. disease. Clin Appl Thromb Hemost 2001;7:205-208. doi: 10.1177/107602960100700304.

57. Wang Z, et al. Airway host-microbiome interactions in chronic obstructive pulmonary disease. 57. Wang Z, et al. Airway host-microbiome interactions in chronic obstructive pulmonary disease.
Respir Res. 2019;20:113. doi: 10.1186/512931-019-1085-z. Respir Res. 2019;20:113. doi: 10.1186/512931-019-1085-z.

58. Finney LJ, et al.. Human rhinovirus impairs the innate immune response to bacteria in alveolar 58. Finney LJ, et al.. Human rhinovirus impairs the innate immune response to bacteria in alveolar
macrophages in chronic obstructive pulmonary disease. Am J Respir Crit Care Med. macrophages in chronic obstructive pulmonary disease. Am J Respir Crit Care Med.
2019;199:1496-1507. doi: 10.1164/rccm.201806-10950C. 2019;199:1496-1507. doi: 10.1164/rccm.201806-10950C.

59. Halpin DMG, et al. Global Initiative for the Diagnosis, Management, and Prevention of Chronic 59. Halpin DMG, et al. Global Initiative for the Diagnosis, Management, and Prevention of Chronic

Obstructive Lung Disease. The 2020 GOLD Science Committee Report on COVID-19 and
Chronic Obstructive Pulmonary Disease. Am J Respir Crit Care Med. 2021;203:24-36. doi:
10.1164/rccm.202009-3533S0.

Obstructive Lung Disease. The 2020 GOLD Science Committee Report on COVID-19 and
Chronic Obstructive Pulmonary Disease. Am J Respir Crit Care Med. 2021;203:24-36. doi:
10.1164/rccm.202009-3533S0.

YKpaiHCbKUIA NyIbMOHONOriYHMIA XKypHan. 2023, N2 2



20

ornaan nNiTEPATYPU

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Yu LM, et al.. Inhaled budesonide for COVID-19 in people at high risk of complications in the
community in the UK (PRINCIPLE): a randomised, controlled, open-label, adaptive platform
trial. Lancet 2021;398:843-855. doi: 10.1016/5S0140-6736(21)01744-X.

Group RC, et al. Dexamethasone in hospitalized patients with Covid-19. N Engl J Med
2021;384:693-704. doi: 10.1056/NEJM0a2021436.

Xu Z, et al. Pathological findings of COVID-19 associated with acute respiratory distress
syndrome. Lancet Resp. Med. 2020. 10.1016/52213-2600(20)30076-X.

Mauad T, et al. Tracking the time course of pathological patterns of lung injury in severe
COVID-19. Respir Res. 2021;22:32. doi: 10.1186/512931-021-01628-9.

ZhouX, Ye Q. Cellularimmune response to COVID-19 and potential immune modulators. Front
Immunol 2021;12:646333. doi: 10.3389/fimmu.2021.646333.

Achkar M, Jamal O, Chaaban T. Post-COVID lung disease(s). Ann Thorac Med. 2022;17(3):137-
144. doi: 10.4103/atm.atm_103_22.

DePinho R. Looming Health Crisis: Long Term Effects from Covid-19. 2020. https://rondepinho.
com/insight/looming-health-crisis-long-term-effects-from-covid-19/

Ngai JC, et al. The long-term impact of severe acute respiratory syndrome on pulmonary
function, exercise capacity and health status. Respirology. 2010;15(3):543-550. doi:
10.1111/j.1440-1843.2010.01720.x.

Guan CS, et al. CT findings of COVID-19 in follow-up: Comparison between progression and
recovery. Diagn Interv Radiol. 2020;26:301-307. doi: 10.5152/dir.2019.20176.

Kanne JP, et al. Long-term Lung Abnormalities Associated with COVID-19 Pneumonia.
Radiology. 2023;306(2):e221806. doi: 10.1148/radiol.221806.

Lopez-Leon S, et al. More than 50 long-term effects of COVID-19: a systematic review and
meta-analysis. Sci Rep. 20219;11(1):16144. doi: 10.1038/541598-021-95565-8.

Mahase E. Covid-19: What do we know about “long covid”? BMJ. 2020;370:m2815. doi:
10.1136/bmj.m2815.

Lamprecht B. Is there a post-COVID syndrome? Pneumologe. 2020. doi: 10.1007/510405-020-
00347-0.

Vink M, Vink-Niese A. Could cognitive behavioural therapy be an effective treatment for long
COVID and post COVID-19 fatigue syndrome? lessons from the Qure study for Q-fever fatigue
syndrome. Healthcare. 2020. doi: 10.3390/healthcare8040552.

Wostyn P. COVID-19 and chronic fatigue syndrome: Is the worst yet to come? Med
Hypotheses. 2021;146:110469. doi: 10.1016/j.mehy.2020.110469.

Hama Amin BJ, et al. Post COVID-19 pulmonary fibrosis; a meta-analysis study. Ann. Med.
Surg. 2022;77:103590. https://doi.org/10.1016/j.amsu.2022.103590.

Liao T, et al. Long-Term Effects of COVID-19 on Health Care Workers 1-Year Post-Discharge in
Wuhan . Infect Dis Ther 2022;11( 1 ):145-163 . doi: 10.1007/540121-021-00553-0.

Kanne JP, et al. Long-term Lung Abnormalities Associated with COVID-19 Pneumonia.
Radiology. 2023;306(2):e221806. doi: 10.1148/radiol.221806.

Valenzuela C, Waterer G, Raghu G. Interstitial lung disease before and after COVID-19:a double
threat? Eur Respir J. 20212;58(6):2101956. doi: 10.1183/13993003.01956-2021.

Han X, et al. Fibrotic Interstitial Lung Abnormalities at 1-year Follow-up CT after Severe COVID-
19 . Radiology. 2021;301(3):E438-E440. doi: 10.1148/radiol.2021210972

Patrucco F, et al. Idiopathic Pulmonary Fibrosis and Post-COVID-19 Lung Fibrosis: Links and
Risks Microorganisms. 2023;11(4):895. https://doi.org/10.3390/microorganisms11040895.
Nathan C. Nonresolving inflammation redux. Immunity. 2022;55(4):592-605. doi: 10.1016/j.
immuni.2022.03.016.

Phetsouphanh C, et al. Immunological dysfunction persists for 8 months following initial mild-to-
moderate SARS-CoV-2 infection. Nat. Immunol. 2022;23:210-216. doi: 10.1038/541590-021-01113-x.
Xie Y, et al. Long-term cardiovascular outcomes of COVID-19. Nat. Med. 2022;28:583-590.
doi: 10.1038/541591-022-01689-3.

Bridi GDP, Tanni SE, Baldi BG. Current Understanding of Post-COVID Pulmonary Fibrosis:
Where Are We? Arch Bronconeumol. 2023;59(2):69-70. doi: 10.1016/j.arbres.2022.07.014.
Raghu G, et al. Idiopathic Pulmonary Fibrosis (an Update) and Progressive Pulmonary Fibrosis
in Adults: An Official ATS/ERS/JRS/ALAT Clinical Practice Guideline. Am. J. Respir. Crit. Care
Med. 2022;205:e18-e47. https://doi.org/10.1164/rccm.202202-0399ST.

Esposito AJ, et al. Increased Odds of Death for Patients with Interstitial Lung Disease and
COVID-19: A Case-Control Study. Am. J. Respir. Crit. Care Med. 2020,202:1710-1713. https://
doi.org/10.1164/rccm.202006-2441LE.

McDonald LT. Healing after COVID-19: Are survivors at risk for pulmonary fibrosis? Am J
Physiol Lung Cell Mol Physiol. 2021;320:L257-L265. doi: 10.1152/ajplung.00238.2020.

Tran S, et al. Pathophysiology of Pulmonary Fibrosis in the Context of COVID-19 and
Implications for Treatment: A Narrative Review. Cells 2022;11:2489. https://doi.org/10.3390/
cells11162489.

Bellan M, et al. No-More COVID study group. Determinants of long COVID among adults
hospitalized for SARS-CoV-2 infection: A prospective cohort study. Front. Immunol.
2022;13:1038227. https://doi.org/10.3389/fimmu.2022.1038227.

Torres-Castro R, et al. Respiratory function in patients post-infection by COVID-19: A
systematic review and meta-analysis. Pulmonology 2021;27:328-337. https://doi.
org/10.1016/j.pulmoe.2020.10.013.

Rinaldo RF, et al. Deconditioning as main mechanism of impaired exercise response in COVID-
19 survivors. Eur Respir J. 2021;58:2100870. doi: 10.1183/13993003.00870-2021.

Patrucco F, et al. Long-lasting consequences of coronavirus disease 19 pneumonia: A
systematic review. Minerva Med. 2022;113:158-171. doi: 10.23736/50026-4806.21.07594-7.
Aesif SW, et al. Pulmonary Pathology of COVID-19 Following 8 Weeks to 4 Months of Severe
Disease: A Report of Three Cases, Including One With Bilateral Lung Transplantation . Am J Clin
Pathol 2021;155(4):506-514. doi: 10.1093/ajcp/aqaa264.

Funk GC, et al. Organizing pneumonia following Covid19 pneumonia . Wien Klin Wochenschr.
2021;133(17-18):979-982. doi: 10.1007/500508-021-01852-9.

Hall DJ, et al. Successful Lung Transplantation for Severe Post-COVID-19 Pulmonary Fibrosis.
Ann Thorac Surg. 2022;114(1):e17-e19. doi: 10.1016/j.athoracsur.2021.10.004.

Hu Q, et al. Reversible Bronchiectasis in COVID-19 Survivors With Acute Respiratory Distress
Syndrome: Pseudobronchiectasis. Front Med (Lausanne). 2021;8:739857. doi: 10.3389/
fmed.2021.739857.

YKpaiHCbKUIA NyNbMOHONOriYHNIA XKypHan. 2023, N2 2

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78,

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Yu LM, et al.. Inhaled budesonide for COVID-19 in people at high risk of complications in the
community in the UK (PRINCIPLE): a randomised, controlled, open-label, adaptive platform
trial. Lancet 2021;398:843-855. doi: 10.1016/50140-6736(21)01744-X.

Group RC, et al. Dexamethasone in hospitalized patients with Covid-19. N Engl J Med
2021;384:693-704. doi: 10.1056/NEJM0a2021436.

Xu Z, et al. Pathological findings of COVID-19 associated with acute respiratory distress
syndrome. Lancet Resp. Med. 2020. 10.1016/52213-2600(20)30076-X.

Mauad T, et al. Tracking the time course of pathological patterns of lung injury in severe
COVID-19. Respir Res. 2021;22:32. doi: 10.1186/512931-021-01628-9.

Zhou X, Ye Q. Cellularimmune response to COVID-19 and potential immune modulators. Front
Immunol 2021;12:646333. doi: 10.3389/fimmu.2021.646333.

Achkar M, Jamal O, Chaaban T. Post-COVID lung disease(s). Ann Thorac Med. 2022;17(3):137-
144. doi: 10.4103/atm.atm_103_22.

DePinho R. Looming Health Crisis: Long Term Effects from Covid-19. 2020. https://rondepinho.
com/insight/looming-health-crisis-long-term-effects-from-covid-19/

Ngai JC, et al. The long-term impact of severe acute respiratory syndrome on pulmonary
function, exercise capacity and health status. Respirology. 2010;15(3):543-550. doi:
10.1111/j.1440-1843.2010.01720.x.

Guan CS, et al. CT findings of COVID-19 in follow-up: Comparison between progression and
recovery. Diagn Interv Radiol. 2020;26:301-307. doi: 10.5152/dir.2019.20176.

Kanne JP, et al. Long-term Lung Abnormalities Associated with COVID-19 Pneumonia.
Radiology. 2023;306(2):e221806. doi: 10.1148/radiol.221806.

Lopez-Leon S, et al. More than 50 long-term effects of COVID-19: a systematic review and
meta-analysis. Sci Rep. 20219;11(1):16144. doi: 10.1038/541598-021-95565-8.

Mahase E. Covid-19: What do we know about “long covid”? BMJ. 2020;370:m2815. doi:
10.1136/bmj.m2815.

Lamprecht B. Is there a post-COVID syndrome? Pneumologe. 2020. doi: 10.1007/510405-020-
00347-0.

Vink M, Vink-Niese A. Could cognitive behavioural therapy be an effective treatment for long
COVID and post COVID-19 fatigue syndrome? lessons from the Qure study for Q-fever fatigue
syndrome. Healthcare. 2020. doi: 10.3390/healthcare8040552.

Wostyn P. COVID-19 and chronic fatigue syndrome: Is the worst yet to come? Med
Hypotheses. 2021;146:110469. doi: 10.1016/j.mehy.2020.110469.

Hama Amin BJ, et al. Post COVID-19 pulmonary fibrosis; a meta-analysis study. Ann. Med.
Surg. 2022;77:103590. https://doi.org/10.1016/j.amsu.2022.103590.

Liao T, et al. Long-Term Effects of COVID-19 on Health Care Workers 1-Year Post-Discharge in
Wuhan . Infect Dis Ther 2022;11( 1 ):145-163 . doi: 10.1007/540121-021-00553-0.

Kanne JP, et al. Long-term Lung Abnormalities Associated with COVID-19 Pneumonia.
Radiology. 2023;306(2):e221806. doi: 10.1148/radiol.221806.

. Valenzuela C, Waterer G, Raghu G. Interstitial lung disease before and after COVID-19: a double

threat? Eur Respir J. 20212;58(6):2101956. doi: 10.1183/13993003.01956-2021.

Han X, et al. Fibrotic Interstitial Lung Abnormalities at 1-year Follow-up CT after Severe COVID-
19. Radiology. 2021;301(3):E438-E440. doi: 10.1148/radiol.2021210972

Patrucco F, et al. Idiopathic Pulmonary Fibrosis and Post-COVID-19 Lung Fibrosis: Links and
Risks Microorganisms. 2023;11(4):895. https://doi.org/10.3390/microorganisms11040895.
Nathan C. Nonresolving inflammation redux. Immunity. 2022;55(4):592-605. doi: 10.1016/j.
immuni.2022.03.016.

Phetsouphanh C, et al. Immunological dysfunction persists for 8 months following initial mild-
to-moderate SARS-CoV-2 infection. Nat. Immunol. 2022;23:210-216. doi: 10.1038/s41590-021-
01113-x.

Xie Y, et al. Long-term cardiovascular outcomes of COVID-19. Nat. Med. 2022;28:583-590.
doi: 10.1038/541591-022-01689-3.

Bridi GDP, Tanni SE, Baldi BG. Current Understanding of Post-COVID Pulmonary Fibrosis:
Where Are We? Arch Bronconeumol. 2023;59(2):69-70. doi: 10.1016/j.arbres.2022.07.014.
Raghu G, et al. Idiopathic Pulmonary Fibrosis (an Update) and Progressive Pulmonary Fibrosis
in Adults: An Official ATS/ERS/JRS/ALAT Clinical Practice Guideline. Am. J. Respir. Crit. Care
Med. 2022;205:e18-e47. https://doi.org/10.1164/rccm.202202-0399ST.

Esposito AJ, et al. Increased Odds of Death for Patients with Interstitial Lung Disease and
COVID-19: A Case-Control Study. Am. J. Respir. Crit. Care Med. 2020;202:1710-1713. https://
doi.org/10.1164/rccm.202006-2441LE.

McDonald LT. Healing after COVID-19: Are survivors at risk for pulmonary fibrosis? Am J
Physiol Lung Cell Mol Physiol. 2021;320:L257-L265. doi: 10.1152/ajplung.00238.2020.

TranS, et al. Pathophysiology of Pulmonary Fibrosis in the Context of COVID-19 and Implications for
Treatment: A Narrative Review. Cells 2022;11:2489. https://doi.org/10.3390/cells11162489.

Bellan M, et al. No-More COVID study group. Determinants of long COVID among adults
hospitalized for SARS-CoV-2 infection: A prospective cohort study. Front. Immunol.
2022;13:1038227. https://doi.org/10.3389/fimmu.2022.1038227.

Torres-Castro R, et al. Respiratory function in patients post-infection by COVID-19: A
systematic review and meta-analysis. Pulmonology 2021;27:328-337. https://doi.
0rg/10.1016/j.pulmoe.2020.10.013.

Rinaldo RF, et al. Deconditioning as main mechanism of impaired exercise response in COVID-
19 survivors. Eur Respir J. 2021;58:2100870. doi: 10.1183/13993003.00870-2021.

Patrucco F, et al. Long-lasting consequences of coronavirus disease 19 pneumonia: A
systematic review. Minerva Med. 2022;113:158-171. doi: 10.23736/50026-4806.21.07594-7.
Aesif SW, et al. Pulmonary Pathology of COVID-19 Following 8 Weeks to 4 Months of Severe
Disease: A Report of Three Cases, Including One With Bilateral Lung Transplantation . Am J Clin
Pathol 2021;155(4):506-514. doi: 10.1093/ajcp/aqaa264.

Funk GG, et al. Organizing pneumonia following Covid19 pneumonia . Wien Klin Wochenschr.
2021;133(17-18):979-982. doi: 10.1007/500508-021-01852-9.

Hall DJ, et al. Successful Lung Transplantation for Severe Post-COVID-19 Pulmonary Fibrosis.
Ann Thorac Surg. 2022;114(1):e17-e19. doi: 10.1016/j.athoracsur.2021.10.004.

Hu Q, et al. Reversible Bronchiectasis in COVID-19 Survivors With Acute Respiratory Distress
Syndrome: Pseudobronchiectasis. Front Med (Lausanne). 2021;8:739857. doi: 10.3389/
fmed.2021.739857.



ornagn NiTEPATYPU 21

97.  McGroder CF, et al. Pulmonary fibrosis 4 months after COVID-19 is associated with severity of 97.  McGroder CF, et al. Pulmonary fibrosis 4 months after COVID-19 is associated with severity of
illness and blood leucocyte telomere length. Thorax. 2021;76(12):1242-1245. doi: 10.1136/ illness and blood leucocyte telomere length. Thorax. 2021;76(12):1242-1245. doi: 10.1136/
thoraxjnl-2021-217031. thoraxjnl-2021-217031.

98. Desai SR, et al. Acute respiratory distress syndrome: CT abnormalities at long-term follow-up. 98. Desai SR, et al. Acute respiratory distress syndrome: CT abnormalities at long-term follow-up.
Radiology 1999;210(1):29-35. doi: 10.1148/radiology.210.1.r99ja2629. Radiology 1999;210(1):29-35. doi: 10.1148/radiology.210.1.r99ja2629.

99. Treggiari MM, et al. Air cysts and bronchiectasis prevail in nondependent areas in severe acute 99. Treggiari MM, et al. Air cysts and bronchiectasis prevail in nondependent areas in severe acute
respiratory distress syndrome: a computed tomographic study of ventilator-associated respiratory distress syndrome: a computed tomographic study of ventilator-associated
changes. Crit Care Med. 2002;30(8):1747-1752. doi: 10.1097/00003246-200208000-00012. changes. Crit Care Med. 2002;30(8):1747-1752. doi: 10.1097/00003246-200208000-00012.

100. Besutti G, et al. Follow-Up CT Patterns of Residual Lung Abnormalities in Severe COVID-19 100. Besutti G, et al. Follow-Up CT Patterns of Residual Lung Abnormalities in Severe COVID-19
Pneumonia Survivors: A Multicenter Retrospective Study. Tomography. 2022;8(3):1184-1195. Pneumonia Survivors: A Multicenter Retrospective Study. Tomography. 2022;8(3):1184-1195.
doi: 10.3390/tomography8030097. doi: 10.3390/tomography8030097.

101. Kooner HK, et al. 129Xe MRI ventilation defects in ever-hospitalised and never-hospitalised 101. Kooner HK, et al. 129Xe MRI ventilation defects in ever-hospitalised and never-hospitalised
people with post-acute COVID-19 syndrome. BMJ Open Respir Res. 2022;9(1):e001235. doi: people with post-acute COVID-19 syndrome. BMJ Open Respir Res. 2022;9(1):e001235. doi:
10.1136/bmjresp-2022-001235. 10.1136/bmjresp-2022-001235.

102. FranquetT, et al. Air trapping in COVID-19 patients following hospital discharge: retrospective 102. FranquetT, et al. Air trapping in COVID-19 patients following hospital discharge: retrospective
evaluation with paired inspiratory/expiratory thin-section CT. Eur Radiol. 2022;32(7):4427- evaluation with paired inspiratory/expiratory thin-section CT. Eur Radiol. 2022;32(7):4427-
4436. doi: 10.1007/s00330-022-08580-2. 4436. doi: 10.1007/500330-022-08580-2.

103. Jia X, et al. Quantitative inspiratory-expiratory chest CT findings in COVID-19 survivors at the 103. Jia X, et al. Quantitative inspiratory-expiratory chest CT findings in COVID-19 survivors at the
6-month follow-up. Sci Rep. 2022;12(1):7402. doi: 10.1038/541598-022-11237-1. 6-month follow-up. Sci Rep. 2022;12(1):7402. doi: 10.1038/541598-022-11237-1.

104. Jalde FC, et al. Widespread parenchymal abnormalities and pulmonary embolism on contrast- 104. Jalde FC, et al. Widespread parenchymal abnormalities and pulmonary embolism on contrast-
enhanced CT predict disease severity and mortality in hospitalized COVID-19 patients. Front enhanced CT predict disease severity and mortality in hospitalized COVID-19 patients. Front
Med (Lausanne). 2021;8:666723. doi: 10.3389/fmed.2021.666723. Med (Lausanne). 2021;8:666723. doi: 10.3389/fmed.2021.666723.

105. Spiezia L, et al. COVID-19-related severe hypercoagulability in patients admitted to intensive 105. Spiezia L, et al. COVID-19-related severe hypercoagulability in patients admitted to intensive
care unit for acute respiratory failure. Thromb Haemost 2020;120:998-1000. doi: care unit for acute respiratory failure. Thromb Haemost 2020;120:998-1000. doi:
10.1055/5-0040-1710018. 10.1055/5-0040-1710018.

106. Remy-Jardin M, et al. Assessment of pulmonary arterial circulation 3 months after 106. Remy-Jardin M, et al. Assessment of pulmonary arterial circulation 3 months after
hospitalization for SARS-CoV-2 pneumonia: Dual-energy CT (DECT) angiographic study in 55 hospitalization for SARS-CoV-2 pneumonia: Dual-energy CT (DECT) angiographic study in 55
patients. EClinicalMedicine. 2021;34:100778. doi: 10.1016/j.eclinm.2021.100778. patients. EClinicalMedicine. 2021;34:100778. doi: 10.1016/j.eclinm.2021.100778.

107. Cueto-Robledo G, et al. Chronic Thromboembolic Pulmonary Hypertension (CTEPH): A Review 107. Cueto-Robledo G, et al. Chronic Thromboembolic Pulmonary Hypertension (CTEPH): A Review
of AnotherSequel of Severe Post-Covid-19 Pneumonia. Curr Probl Cardiol. 2023;48(8):101187. of AnotherSequel of Severe Post-Covid-19 Pneumonia. Curr Probl Cardiol. 2023;48(8):101187.
doi: 10.1016/j.cpcardiol.2022.101187. doi: 10.1016/j.cpcardiol.2022.101187.

108. Tudoran C, et al. Evidence of Pulmonary Hypertension after SARS-CoV-2 Infection in Subjects 108. Tudoran C, et al. Evidence of Pulmonary Hypertension after SARS-CoV-2 Infection in Subjects
without Previous Significant Cardiovascular Pathology. J Clin Med. 2021;10(2):199. doi: without Previous Significant Cardiovascular Pathology. J Clin Med. 2021;10(2):199. doi:
10.3390/jcm10020199. 10.3390/jcm10020199.

109. Kouyesa MM, i3 cniBaBT. Oco6n1BOCTi KOMOPGiAHOrO Nepebiry 6poHxianbHOT acTMu Ta rocTpoi 109. Kochuyeva MM, et al. Osoblyvosti komorbidnogo perebigu bronkhialnoyi astmy ta gostroyi
KOPOHaBIpycHOI iHdeKuii. MixHapoaHuit mepuuHuii xypHan 2021;2:10-15. https://doi. koronavirusnoyi infektsiyi (Features of comorbid course of bronchial asthma and acute
0rg/10.37436/2308-5274-2021-2-2. coronavirus infection). Mizhnarodnyy medychnyy zhurnal. 2021;2:10-15. https://doi.

110. Jackson DJ, et al. Association of Respiratory Allergy, Asthma, and Expression of the SARS- 0rg/10.37436/2308-5274-2021-2-2.

CoV-2 Receptor ACE2. J Allergy Clin Immunol . 2020;146(1):203-206.e3. doi: 10.1016/j. 110. Jackson DJ, et al. Association of Respiratory Allergy, Asthma, and Expression of the SARS-CoV-2
jaci.2020.04.009. Receptor ACE2. J Allergy Clin Immunol . 2020;146(1):203-206.e3. doi: 10.1016/j.jaci.2020.04.009.

111. Inoue H, et al. Global Initiative for Asthma Strategy 2021: Executive Summary and Rationale for 111. Inoue H, et al. Global Initiative for Asthma Strategy 2021: Executive Summary and Rationale for
Key Changes. Am J Respir Crit Care Med. 2022;205(1):17-35. doi: 10.1164/rccm.202109- Key Changes. Am J Respir Crit Care Med. 2022;205(1):17-35. doi: 10.1164/rccm.202109-2205PP.
2205PP. 112. Bloom Cl, et al. Risk of adverse outcomes in patients with underlying respiratory conditions

112. Bloom Cl, et al. Risk of adverse outcomes in patients with underlying respiratory conditions admitted to hospital with COVID-19: a national, multicentre prospective cohort study using
admitted to hospital with COVID-19: a national, multicentre prospective cohort study using the ISARIC who clinical characterisation protocol UK. Lancet Respir Med. 2021;9:699-711.
the ISARIC who clinical characterisation protocol UK. Lancet Respir Med. 2021;9:699-711. doi:10.1016/52213-2600(21)00013-8.
doi:10.1016/52213-2600(21)00013-8. 113. Williamson EJ, et al. Factors associated with COVID-19-related death using OpenSAFELY.

113. Williamson EJ, et al. Factors associated with COVID-19-related death using OpenSAFELY. Nature. 2020;584:430-436.d0i:10.1038/541586-020-2521-4.

Nature. 2020;584:430-436.doi:10.1038/541586-020-2521-4. 114. ZhuZ etal. Association of asthma and its genetic predisposition with the risk of severe COVID-

114. Zhu Z, et al. Association of asthma and its genetic predisposition with the risk of severe COVID- 19.J Allergy Clin Immunol. 2020;146:327-329. doi:10.1016/j.jaci.2020.06.001.

19.J Allergy Clin Immunol. 2020;146:327-329. doi:10.1016/j.jaci.2020.06.001. 115. Philip KEJ, et al. Impact of COVID-19 on people with asthma: a mixed methods analysis from a

115. Philip KEJ, et al. Impact of COVID-19 on people with asthma: a mixed methods analysis from a UK wide survey. BMJ Open Respiratory Research. 2022;9:e001056. doi: 10.1136/
UK wide survey. BMJ Open Respiratory Research. 2022;9:e001056. doi: 10.1136/ bmjresp-2021-001056.
bmjresp-2021-001056. 116. Schultze A, et al. Risk of COVID-19-related death among patients with chronic obstructive

116. Schultze A, et al. Risk of COVID-19-related death among patients with chronic obstructive pulmonary disease or asthma prescribed inhaled corticosteroids: an observational cohort
pulmonary disease or asthma prescribed inhaled corticosteroids: an observational cohort study using the OpenSAFELY platform. Lancet Respir. Med. 2020;8(11):106-1120. doi: 10.1016/
study using the OpenSAFELY platform. Lancet Respir. Med. 2020;8(11):106-1120. doi: 10.1016/ $2213-2600(20)30415-X.
5$2213-2600(20)30415-X. 117. Aggarwal AN, et al. Active pulmonary tuberculosis and coronavirus disease 2019: A systematic

117. Aggarwal AN, et al. Active pulmonary tuberculosis and coronavirus disease 2019: A systematic review and meta-analysis. PloS One. 2021;16:0259006. doi: 10.1371/journal.pone.0259006.
review and meta-analysis. PloS One. 2021;16:¢0259006. doi: 10.1371/journal.pone. 118. Song W-M, et al. COVID-19 and tuberculosis coinfection: An overview of case Reports/Case
0259006. series and meta-analysis. Front Med. 2021;8:657006. doi: 10.3389/fmed.2021.657006.

118. Song W-M, et al. COVID-19 and tuberculosis coinfection: An overview of case Reports/Case 119. Flores-Lovon K, et al. Inmune responses in COVID-19 and tuberculosis coinfection: A scoping
series and meta-analysis. Front Med. 2021;8:657006. doi: 10.3389/fmed.2021.657006. review. Front Immunol. 2022;26;13:992743. doi: 10.3389/fimmu.2022.992743.

119. Flores-Lovon K, et al. Inmune responses in COVID-19 and tuberculosis coinfection: A scoping 120. Madan M, et al. Impact of latent tuberculosis on severity and outcomes in admitted COVID-19
review. Front Immunol. 2022;26;13:992743. doi: 10.3389/fimmu.2022.992743. patients. Cureus. 2021;13(11):e19882. doi: 10.7759/cureus.19882.

120. Madan M, et al. Impact of latent tuberculosis on severity and outcomes in admitted COVID-19 121. Brighenti S, Andersson J. Local immune responses in human tuberculosis: learning from the
patients. Cureus. 2021;13(11):e19882. doi: 10.7759/cureus.19882. site of infection. J Infect Dis. 2012;205(2):5316-5324. doi: 10.1093/infdis/jis043.

121. Brighenti S, Andersson J. Local immune responses in human tuberculosis: learning from the 122. Boom WH, Schaible UE, Achkar JM. The knowns and unknowns of latent mycobacterium
site of infection. J Infect Dis. 2012;205(2):5316-5324. doi: 10.1093/infdis/jis043. tuberculosis infection. J Clin Invest. 2021;131:e136222. doi: 10.1172/JC1136222.

122. Boom WH, Schaible UE, Achkar JM. The knowns and unknowns of latent mycobacterium 123. ZhouX, Ye Q. Cellularimmune response to COVID-19 and potential immune modulators. Front
tuberculosis infection. J Clin Invest. 2021;131:e136222. doi: 10.1172/JCI136222. Immunol. 2021;12:646333. doi: 10.3389/fimmu.2021.646333.

123. ZhouX, Ye Q. Cellularimmune response to COVID-19 and potential immune modulators. Front 124. Rajamanickam A, et al. Latent tuberculosis co-infection is associated with heightened levels of
Immunol. 2021;12:646333. doi: 10.3389/fimmu.2021.646333. humoral, cytokine and acute phase responses in seropositive SARS-CoV-2 infection. J

124. Rajamanickam A, et al. Latent tuberculosis co-infection is associated with heightened levels of Infect. 2021;83:339-46. doi: 10.1016/j.jinf.2021.07.029.
humoral, cytokine and acute phase responses in seropositive SARS-CoV-2 infection. J 125. Netea MG, Quintin J, van der Meer JWM. Trained immunity: a memory for innate host
Infect. 2021;83:339-46. doi: 10.1016/}jinf.2021.07.029. defense. Cell Host Microbe. 2011; 9:355-61. doi: 10.1016/j.chom.2011.04.006.

125. Netea MG, Quintin J, van der Meer JWM. Trained immunity: a memory for innate host 126. Gonzalez-Perez M, et al. The BCG vaccine for COVID-19: First verdict and future directions. Front
defense. Cell Host Microbe. 2011; 9:355-61. doi: 10.1016/j.chom.2011.04.006. Immunol. 2021;12:632478. doi: 10.3389/fimmu.2021.632478.

126. Gonzalez-Perez M, et al. The BCG vaccine for COVID-19: First verdict and future directions. Front 127. Khrulev AYe, et al. Ostryye i khronicheskiye dizimmunnyye polinevropatii v usloviyakh pandemii
Immunol. 2021;12:632478. doi: 10.3389/fimmu.2021.632478. Covid-19: patogenez, osobennosti klinicheskoy kartiny, diagnostiki i terapii (obzor literatury)

127. Xpynes AE, n ap. OcTpble 1 XpoHUYecKre An3MMMYHHbIE NONVHEBPONATIN B YCIOBUAX NaHAe- (Acute and chronic disimmune polyneuropathy in the conditions of pandemia Covid-19:

mumn Covid-19: natoreHes, 0COGEHHOCTU KIIMHUYECKON KapTWHbI, ANArHOCTUKN 1 Tepanuu
(0630p nuTepatypbl). HepBHO-MbilweyHble GonesHn 2021;2. Pexum poctyna: https://
cyberleninka.ru/article/n/ostrye-i-hronicheskie-dizimmunnye-polinevropatii-v-usloviyah-
pandemii-covid-19-patogenez-osobennosti-klinicheskoy-kartiny.

pathogenesis, features of the clinical picture, diagnosis and therapy (review of literature).).
Nervno-myshechnyye bolezni 2021;2. Available at: https://cyberleninka.ru/article/n/ostrye-i-
hronicheskie-dizimmunnye-polinevropatii-v-usloviyah-pandemii-covid-19-patogenez-
osobennosti-klinicheskoy-kartiny

YKpaiHCbKUIA NyIbMOHONOriYHMIA XKypHan. 2023, N2 2



22

ornaan nNiTEPATYPU

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

149.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

Wong K, et al. COVID-19 associated vasculitis: A systematic review of case reports and case
series. Ann Med Surg. 2022;74:103249. doi: 10.1016/j.amsu.2022.103249.

Khan KS, Ullah I. SARS-CoV-2 causes Kawasaki-like disease in children: Cases reported in
Pakistan. J Med Virol. 2020. doi: 10.1002/jmv.26340.

Ouldali N, et al. Emergence of Kawasaki disease related to SARS-CoV-2 infection in an
epicentre of the French COVID-19 epidemic: a time-series analysis. Lancet Child Adolesc
Health. 2020;4(9):662-668. doi: 10.1016/52352-4642(20)30175-9.

Alharbi MG, et al. COVID-19 associated with immune thrombocytopenia: a systematic review and
meta-analysis. Expert Rev Hematol. 2022;15(2):157-166. doi: 10.1080/17474086.2022.2029699.
Tutal E, Ozaras R, Leblebicioglu H. Systematic review of COVID-19 and autoimmune thyroiditis.
Travel Med Infect Dis. 2022;47:102314. doi: 10.1016/j.tmaid.2022.102314.

Hause AM, et al. COVID-19 Vaccine Safety in Adolescents Aged 12-17 Years - United States,
December 14, 2020-July 16, 2021. MMWR Morb Mortal Wkly Rep. 2021;70(31):1053-1058. doi:
10.15585/mmwr.mm7031el.

Rosenblum HG, et al. Use of COVID-19 Vaccines After Reports of Adverse Events Among Adult
Recipients of Janssen (Johnson & Johnson) and mRNA COVID-19 Vaccines (Pfizer-BioNTech
and Moderna): Update from the Advisory Committee on Immunization Practices - United
States, July 2021. MMWR Morb Mortal Wkly Rep. 2021;70(32):1094-1099. doi: 10.15585/
mmwr.mm7032e4.

Arepally GM, Ortel TL. Vaccine-induced immune thrombotic thrombocytopenia: what we
know and do not know. Blood. 2021;138(4):293-298. doi: 10.1182/blood.2021012152.
Montgomery J, et al. Myocarditis Following Immunization With mRNA COVID-19 Vaccines in
Members of the US Military. JAMA Cardiol. 2021;6(10):1202-1206. doi: 10.1001/
jamacardio.2021.2833.

Elrashdy F, et al. Autoimmunity roots of the thrombotic events after COVID-19 vaccination.
Autoimmun Rev. 2021;20(11):102941. doi: 10.1016/j.autrev.2021.102941.

Badier L, et al. IgA vasculitis in adult patient following vaccination by ChadOx1 nCoV-19.
Autoimmun Rev. 2021;20(11):102951. doi: 10.1016/j.autrev.2021.102951.

Bunders MJ, Altfeld M. Implications of Sex Differences in Immunity for SARS-CoV-2
Pathogenesis and Design of Therapeutic Interventions. Immunity. 2020;53(3):487-495. doi:
10.1016/j.immuni.2020.08.003.

Patil S, Patil A. Systemic lupus erythematosus after COVID-19 vaccination: A case report. J
Cosmet Dermatol. 2021;20(10):3103-3104. doi: 10.1111/jocd.14386.

Cabanillas B, Novak N. Allergy to COVID-19 vaccines: A current update. Allergol Int.
2021;70(3):313-318. doi: 10.1016/j.alit.2021.04.003.

Cabanillas B, Akdis CA, Novak N. COVID-19 vaccine anaphylaxis: IgE, complement or what
else? A reply to: «COVID-19 vaccine anaphylaxis: PEG or not?». Allergy. 2021;76(6):1938-1940.
doi: 10.1111/all.14725.

Klimek L, et al. Allergenic components of the mRNA-1273 vaccine for COVID-19: Possible
involvement of polyethylene glycol and IgG-mediated complement activation. Allergy.
2021;76(11):3307-3313. doi: 10.1111/all.14794.

Sprent J, King C. COVID-19 vaccine side effects: The positives about feeling bad. Sci Immunol.
2021;6(60):eabj9256. doi: 10.1126/sciimmunol.abj9256.

ChenY, et al. New-onset autoimmune phenomena post-COVID-19 vaccination. Immunology.
2022;165(4):386-401. doi: 10.1111/imm.13443.

Polack FP, et al. Safety and efficacy of the BNT162b2 mRNA COVID-19 Vaccine. N. Engl. J. Med.
2020;383:2603-2615. doi: 10.1056/NEJM0a2034577.

Centers for Disease Control and Prevention Pfizer-BioNTech COVID-19 Vaccine Reactions and
Adverse Events. [(accessed on 30 November 2022)];2021 Available online: https://www.cdc.
gov/vaccines/covid-19/info-by-product/pfizer/reactogenicity.html.

Centers for Disease Control and Prevention The Moderna COVID-19 Vaccine’s Local Reactions,
Systemic Reactions, Adverse Events, and Serious Adverse Events. 2022. Available at: https://
www.cdc.gov/vaccines/covid-19/info-by-product/moderna/Reactogenicity.html.

Park JY, Lee JY, Yi SY. Axillary Lymphadenopathy on Ultrasound after COVID-19 Vaccination
and lts Influencing Factors: A Single-Center Study. J. Clin. Med. 2022;11:238. doi: 10.3390/
jem11010238.

El-Sayed MS, et al. The incidence and duration of COVID-19 vaccine-related reactive
lymphadenopathy on 18F-FDG PET-CT. Clin. Med. 2021;21:e633-e638. doi: 10.7861/
clinmed.2021-0420.

Ho TC, et al. Inmune Response Related to Lymphadenopathy Post COVID-19 Vaccination.
Vaccines. 2023;11(3):696. doi: 10.3390/vaccines11030696.

Diani S, et al. SARS-CoV-2-The Role of Natural Immunity: A Narrative Review. J Clin Med.
2022;11(21):6272. doi: 10.3390/jcm11216272.

Letizia AG, et al. SARS-CoV-2 seropositivity and subsequent infection risk in healthy young
adults: A prospective cohort study. Lancet Respir. Med. 2021;9:712-720. doi:https://doi.
0rg/10.1016/52213-2600(21)00158-2.

Nordstrom P, Ballin M, Nordstrom A. Risk of SARS-CoV-2 reinfection and COVID-19
hospitalisation in individuals with natural and hybrid immunity: A retrospective, total
population cohort study in Sweden. Lancet Infect. Dis. 2022;22:781-790. https://doi.
0rg/10.1016/51473-3099(22)00143-8.

Le Bert N, et al. Highly functional virus-specific cellular immune response in asymptomatic
SARS-CoV-2 infection. J. Exp. Med. 2021;218:€20202617. doi: 10.1084/jem.20202617.

Rodda LB, et al. Functional SARS-CoV-2-specific immune memory persists after mild COVID-
19. Cell. 2021;184:169-183. doi: 10.1016/j.cell.2020.11.029.

Ng, O-W, et al. Memory T cell responses targeting the SARS coronavirus persist up to 11 years
post-infection. Vaccine. 2016;34:2008-2014. doi: 10.1016/j.vaccine.2016.02.063.

Aydillo T, et al. Immunological imprinting of the antibody response in COVID-19 patients. Nat.
Commun. 2021;12:3781. doi: 10.1038/541467-021-23977-1.

Grifoni A, et al. Targets of T Cell Responses to SARS-CoV-2 Coronavirus in Humans with COVID-
19 Disease and Unexposed Individuals. Cell. 2020;181:1489-1501.e15. https://doi.
org/10.1016/j.cell.2020.05.015.

Majdoubi A, et al. A majority of uninfected adults show preexisting antibody reactivity against
SARS-CoV-2. JCl Insight. 2021;6:e146316. doi: 10.1172/jci.insight.146316.

Wang Z, et al. Naturally enhanced neutralizing breadth against SARS-CoV-2 one year after
infection. Nature 2021;595:426-431. doi: https://doi.org/10.1101/2021.05.07.443175.

YKpaiHCbKUIA NyNbMOHONOriYHNIA XKypHan. 2023, N2 2

128.

129.

130.

131

132

133.

134.

135.

136.

137.

138.

139.

149.

141.

142.

143.

144,

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

Wong K, et al. COVID-19 associated vasculitis: A systematic review of case reports and case
series. Ann Med Surg. 2022;74:103249. doi: 10.1016/j.amsu.2022.103249.

Khan KS, Ullah I. SARS-CoV-2 causes Kawasaki-like disease in children: Cases reported in
Pakistan. J Med Virol. 2020. doi: 10.1002/jmv.26340.

Ouldali N, et al. Emergence of Kawasaki disease related to SARS-CoV-2 infection in an
epicentre of the French COVID-19 epidemic: a time-series analysis. Lancet Child Adolesc
Health. 2020;4(9):662-668. doi: 10.1016/52352-4642(20)30175-9.

Alharbi MG, et al. COVID-19 associated with immune thrombocytopenia: a systematic review and
meta-analysis. Expert Rev Hematol. 2022;15(2):157-166. doi: 10.1080/17474086.2022.2029699.
Tutal E, Ozaras R, Leblebicioglu H. Systematic review of COVID-19 and autoimmune thyroiditis.
Travel Med Infect Dis. 2022;47:102314. doi: 10.1016/j.tmaid.2022.102314.

Hause AM, et al. COVID-19 Vaccine Safety in Adolescents Aged 12-17 Years - United States,
December 14, 2020-July 16, 2021. MMWR Morb Mortal Wkly Rep. 2021;70(31):1053-1058. doi:
10.15585/mmwr.mm7031e1.

Rosenblum HG, et al. Use of COVID-19 Vaccines After Reports of Adverse Events Among Adult
Recipients of Janssen (Johnson & Johnson) and mRNA COVID-19 Vaccines (Pfizer-BioNTech
and Moderna): Update from the Advisory Committee on Immunization Practices - United
States, July 2021. MMWR Morb Mortal Wkly Rep. 2021;70(32):1094-1099. doi: 10.15585/
mmwr.mm?7032e4.

Arepally GM, Ortel TL. Vaccine-induced immune thrombotic thrombocytopenia: what we
know and do not know. Blood. 2021;138(4):293-298. doi: 10.1182/blood.2021012152.
Montgomery J, et al. Myocarditis Following Immunization With mRNA COVID-19 Vaccines in
Members of the US Military. JAMA Cardiol. 2021;6(10):1202-1206. doi: 10.1001/
jamacardio.2021.2833.

Elrashdy F, et al. Autoimmunity roots of the thrombotic events after COVID-19 vaccination.
Autoimmun Rev. 2021;20(11):102941. doi: 10.1016/j.autrev.2021.102941.

Badier L, et al. IgA vasculitis in adult patient following vaccination by ChadOx1 nCoV-19.
Autoimmun Rev. 2021;20(11):102951. doi: 10.1016/j.autrev.2021.102951.

Bunders MJ, Altfeld M. Implications of Sex Differences in Immunity for SARS-CoV-2
Pathogenesis and Design of Therapeutic Interventions. Immunity. 2020;53(3):487-495. doi:
10.1016/j.immuni.2020.08.003.

Patil S, Patil A. Systemic lupus erythematosus after COVID-19 vaccination: A case report. J
Cosmet Dermatol. 2021;20(10):3103-3104. doi: 10.1111/jocd.14386.

Cabanillas B, Novak N. Allergy to COVID-19 vaccines: A current update. Allergol Int.
2021;70(3):313-318. doi: 10.1016/j.alit.2021.04.003.

Cabanillas B, Akdis CA, Novak N. COVID-19 vaccine anaphylaxis: IgE, complement or what
else? A reply to: «COVID-19 vaccine anaphylaxis: PEG or not?». Allergy. 2021;76(6):1938-1940.
doi: 10.1111/all.14725.

Klimek L, et al. Allergenic components of the mRNA-1273 vaccine for COVID-19: Possible
involvement of polyethylene glycol and IgG-mediated complement activation. Allergy.
2021;76(11):3307-3313. doi: 10.1111/all.14794.

Sprent J, King C. COVID-19 vaccine side effects: The positives about feeling bad. Sci Immunol.
2021;6(60):eabj9256. doi: 10.1126/sciimmunol.abj9256.

Chen Y, et al. New-onset autoimmune phenomena post-COVID-19 vaccination. Immunology.
2022;165(4):386-401. doi: 10.1111/imm.13443.

Polack FP, et al. Safety and efficacy of the BNT162b2 mRNA COVID-19 Vaccine. N. Engl. J. Med.
2020;383:2603-2615. doi: 10.1056/NEJMoa2034577.

Centers for Disease Control and Prevention Pfizer-BioNTech COVID-19 Vaccine Reactions and
Adverse Events. [(accessed on 30 November 2022)];2021 Available online: https://www.cdc.
gov/vaccines/covid-19/info-by-product/pfizer/reactogenicity.html.

Centers for Disease Control and Prevention The Moderna COVID-19 Vaccine’s Local Reactions,
Systemic Reactions, Adverse Events, and Serious Adverse Events. 2022. Available at: https://
www.cdc.gov/vaccines/covid-19/info-by-product/moderna/Reactogenicity.html.

Park JY, Lee JY, Yi SY. Axillary Lymphadenopathy on Ultrasound after COVID-19 Vaccination
and Its Influencing Factors: A Single-Center Study. J. Clin. Med. 2022;11:238. doi: 10.3390/
jem11010238.

El-Sayed MS, et al. The incidence and duration of COVID-19 vaccine-related reactive
lymphadenopathy on 18F-FDG PET-CT. Clin. Med. 2021;21:e633-e638. doi: 10.7861/
clinmed.2021-0420.

Ho TC, et al. Immune Response Related to Lymphadenopathy Post COVID-19 Vaccination.
Vaccines. 2023;11(3):696. doi: 10.3390/vaccines11030696.

Diani S, et al. SARS-CoV-2-The Role of Natural Immunity: A Narrative Review. J Clin Med.
2022;11(21):6272. doi: 10.3390/jcm11216272.

Letizia AG, et al. SARS-CoV-2 seropositivity and subsequent infection risk in healthy young
adults: A prospective cohort study. Lancet Respir. Med. 2021;9:712-720. doi:https://doi.
0rg/10.1016/52213-2600(21)00158-2.

Nordstrom P, Ballin M, Nordstrom A. Risk of SARS-CoV-2 reinfection and COVID-19
hospitalisation in individuals with natural and hybrid immunity: A retrospective, total
population cohort study in Sweden. Lancet Infect. Dis. 2022;22:781-790. https://doi.
0rg/10.1016/51473-3099(22)00143-8.

Le Bert N, et al. Highly functional virus-specific cellular immune response in asymptomatic
SARS-CoV-2 infection. J. Exp. Med. 2021,;218:€20202617. doi: 10.1084/jem.20202617.

Rodda LB, et al. Functional SARS-CoV-2-specific immune memory persists after mild COVID-
19. Cell. 2021;184:169-183. doi: 10.1016/j.cell.2020.11.029.

Ng, O-W, et al. Memory T cell responses targeting the SARS coronavirus persist up to 11 years
post-infection. Vaccine. 2016;34:2008-2014. doi: 10.1016/j.vaccine.2016.02.063.

Aydillo T, et al. Inmunological imprinting of the antibody response in COVID-19 patients. Nat.
Commun. 2021;12:3781. doi: 10.1038/541467-021-23977-1.

Grifoni A, et al. Targets of T Cell Responses to SARS-CoV-2 Coronavirus in Humans with COVID-
19 Disease and Unexposed Individuals. Cell. 2020;181:1489-1501.e15. https://doi.
0rg/10.1016/j.cell.2020.05.015.

Majdoubi A, et al. A majority of uninfected adults show preexisting antibody reactivity against
SARS-CoV-2. JCl Insight. 2021;6:e146316. doi: 10.1172/jci.insight.146316.

Wang Z, et al. Naturally enhanced neutralizing breadth against SARS-CoV-2 one year after
infection. Nature 2021;595:426-431. doi: https://doi.org/10.1101/2021.05.07.443175.



ornagun NITEPATYPU

23

162.

163.

164.

165.

166.

167.

Sterlin D, et al. IgA dominates the early neutralizing antibody response to SARS-CoV-2. Sci.
Transl. Med. 2021;13:eabd2223. doi: 10.1126/scitranslmed.abd2223.

Israel A, et al. Large-Scale Study of Antibody Titer Decay following BNT162b2 mRNA Vaccine
or SARS-CoV-2 Infection. Vaccines. 2022;10:64. doi: 10.3390/vaccines10010064.

McGonagle DG. Health-care workers recovered from natural SARS-CoV-2 infection should be
exempt from mandatory vaccination edicts. Lancet Rheumatol. 2022;4:e170. doi:https://doi.
0rg/10.1016/52665-9913(22)00038-8.

Shrestha NK, et al. Necessity of COVID-19 vaccination in previously infected
individuals. medRxiv 2021. Available at: https://www.medrxiv.org/content/10.1101/2021.06.0
1.21258176v2 (accessed on 5 June 2021). doi: https://doi.org/10.1101/2021.06.01.21258176.
Shenai MB, Rahme R, Noorchashm H. Equivalency of Protection from Natural Immunity in
COVID-19 Recovered Versus Fully Vaccinated Persons: A Systematic Review and Pooled Analy
sis. Cureus. 2021;28:19102. doi: 10.7759/cureus.19102.

Zappa M, et al. Blood pressure increase after Pfizer/BioNTech SARS-CoV-2 vaccine. Eur. J.
Intern. Med. 2021;90:111-113. https://doi.org/10.1016/j.ejim.2021.06.013.

162.

163.

164.

165.

166.

167.

Sterlin D, et al. IgA dominates the early neutralizing antibody response to SARS-CoV-2. Sci.
Transl. Med. 2021;13:eabd2223. doi: 10.1126/scitranslmed.abd2223.

Israel A, et al. Large-Scale Study of Antibody Titer Decay following BNT162b2 mRNA Vaccine
or SARS-CoV-2 Infection. Vaccines. 2022;10:64. doi: 10.3390/vaccines10010064.

McGonagle DG. Health-care workers recovered from natural SARS-CoV-2 infection should be
exempt from mandatory vaccination edicts. Lancet Rheumatol. 2022;4:e170. doi:https://doi.
0rg/10.1016/52665-9913(22)00038-8.

Shrestha NK, et al. Necessity of COVID-19 vaccination in previously infected
individuals. medRxiv 2021. Available at: https://www.medrxiv.org/content/10.1101/2021.06.0
1.21258176v2 (accessed on 5 June 2021). doi: https://doi.org/10.1101/2021.06.01.21258176.
Shenai MB, Rahme R, Noorchashm H. Equivalency of Protection from Natural Immunity in
COVID-19 Recovered Versus Fully Vaccinated Persons: A Systematic Review and Pooled Analy
sis. Cureus. 2021;28:e19102. doi: 10.7759/cureus.19102.

Zappa M, et al. Blood pressure increase after Pfizer/BioNTech SARS-CoV-2 vaccine. Eur. J.
Intern. Med. 2021;90:111-113. https://doi.org/10.1016/j.ejim.2021.06.013.

YKpaiHCbKUIA NyIbMOHONOriYHMIA XKypHan. 2023, N2 2



