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AHHOTALUMNA

IMosiBMBIIMCH B HOSIOpe 2019 1. B KuTae, KopoHaBupyc SARS-CoV-2 (severe acute respiratory syndrom — coronavirus 2) 6pICTpO pac-
MIPOCTPaHMIICS IO BCEMY MUPY, BbI3bIBas 3a60/1eBaHMe, omyurBiiee HazBaHue COVID-19. AHanu3 snuaeMyoIOrM4ecKmx JaHHbIX
10 3a60IeBa€MOCTH ¥ CMEPTHOCTH, BbI3BaHHOI SARS-CoV-2, ITOKa3bIBaeT, UTO B OTAEIbHBIX CTPaHaX, a MMeHHO B Benbruu, Be-
nuro6purtaunu, ®paniym, Utanuu, Hugepnanmax, Mcranum, HabIomgaeTcs MOBBINIEHHAss CMEPTHOCTD 110 CPABHEHMIO C APYTUMA
crpaHamu. KoabduiyeHT etaqbHOCTY, pACCUUTHIBAEMbIIi KaK UMCI0 CMEPTEeIbHBIX CTydaeB OT OOIIEero umcia 3apaskeHHbIX, 10
nmaHHbIM IleHTpa mqokasarenbHoi Meauiabl CEBM (Centre for Evidence-Based Medicine), B aTux cTpaHax coctaiset oT 10.22%
o 15.80%. B To ke BpeMms B IleHTpasnibHOI 1 CeBepHOII EBporie 5TOT moKas3aTeIb COCTaBISeT OT 3.78% mo 4.94%. IIpyMunHbI Ta-
KOJi HEOJHOPOJHOCTY B ITOKa3aTesle CMEPTHOCTY JJIsl TIEPEUMCIEHHbBIX CTPaH MOKa He TMOMYUYMIM YOemIUTEeNIbHOTO OObSICHEHMS.
YcTaHOBIEHO, UTO mpeAliecTBeHHUKOM SARS-CoV-2 sBisieTcsl BUPYC, UMPKyAUpyoiuii B Kutae B 1eTyunx MbIlIax, B KOTOPOM
MMPOM30IIIIV MYTall, U3MEHUBIINE €0 PELeNTOPHYIO CITelMOUUYHOCTD U CAeIaBIlINe BO3MOKHBIM MHDUIIMPOBaHMe tofeit. Jle-
Tyuye MbIII 06J1aZal0T BBICOKOI YCTOMUMBOCTHIO K BUPYCHBIM MHMEKIIMSIM 3a CUET MOIITHOI CYCTeMbI MHTep(epOHOBOTO OTBETA
Y CHVKEHHOT'O YPOBHSI BOCIIIMTENIbHBIX PeaKUyit. BUPYChI PEIIUMIIUPYIOTCSI B 9TUX XXMBOTHBIX IO BBICOKMX TUTPOB, HE TIPUHOCS
CYLIECTBEHHOI'O BpeJia X 3[J0POBbI0. B pe3ynbTraTe OrpOMHOE MHOXECTBO CYILECTBYIOIIMX B IPUPOJIE JIETYIMX MbIIIEH SBIISETCS
IIepeHOCYMKOM BMPYCOB, 3apaskasi KMBOTHBIX U JIIO[Iei. 3apakeHue JTo1eil 6eTaKOpOHAaBMPYCaMM JIETYUMX MbIIIe (V1M ueJIoBeKa)
MOKET IIPUBOAUTH K 06pPa30BaHMI0 Y HUX B-KJIETOK MaMsITH, KOTOpble 00eCITeunBaloT YCKOPEHHbI aHTUTEIbHBIN OTBET K TMepe-
KPeCTHBIM SMUTOIAM IIPpY MOCIeqyiolei nHbekuyu. PaHHee MosBiIeHe aHTUTeN Y 601bHbIX SARS-CoV-2 Koppennpyer ¢ Tske-
CThIO TIATOJIOTUM Y BEPOSITHOCTHIO JIETATIBHOTO MCXOAA. BO3MOKHOI MPUUMHO TOTO SIBJIEHMSI MOKET ObITh PeaKiysi aHTUTEI0-
3aBMCUMMOro ycwienus nHpekim/3a6oneBanus ADE (antibody-dependent enhancement), n3BecTHast ik PasaMUHBIX BUPYCOB,
Briodass SARS-CoV-1 u MERS-CoV. B maHHOV cTaThe MbI IIpeAIiogaraeM Hajaudue CBSI3M MEXIY apeanaMy paclpoCTpaHeHUs
JIETyUYMX MBbILIe, SBasoimmuxcs nepeHocunkamm SARS-CoV-1-poacTBeHHbIX BUPYCOB, M ypoBHEM cmepTHOCTU ITpu COVID-19.
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ABSTRACT

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) originated in November 2019 in China and quickly spread
throughout the world causing a disease named COVID-19. An analysis of the epidemiological data on morbidity and mortality
caused by SARS-CoV-2 shows that, in some countries, namely Belgium, UK, France, Italy, the Netherlands, and Spain, an increased
case fatality rate (CFR) was noticed compared to the rest of the world. The CFR, calculated as the number of deaths from the
total number of the cases, ranges in these countries from 10.22% to 15.8% according to the Center for Evidence-Based Medicine
(CEBM). At the same time, in the countries of Central and Northern Europe, this parameter varies between 3.78% and 4.94%.
This significant heterogeneity in CFR between countries has not been given a convincing explanation yet. It was found that the
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precursor of SARS-CoV-2 is a virus circulating in bats in China. The mutations that occurred in this virus altered its receptor
specificity, thereby enabling viral infection in humans. Bats are highly resistant to viral infections due to their robust interferon
system and a reduced level of inflammatory reactions. Viruses replicate in these animals up to high titers without any substantial
harm to their health. As a result, bats represent a large reservoir of viruses with the potential to infect other animals, including
humans. The infection of people with bat (or human) betacoronaviruses can lead to the formation of memory B-cells that provide
an accelerated antibody response to cross-reactive epitopes upon subsequent infection. The early emergence of neutralizing
antibodies in SARS-CoV-2 patients correlates with the severity of the disease and the likelihood of a fatal outcome. The antibody-
dependent enhancement (ADE) of infection/disease known for various viruses, including SARS-CoV-1 and MERS-CoV, may be a
possible cause of this phenomenon. In this article, we suggest a close connection between the distribution areas of bats carrying

SARS-CoV-1-like viruses and the CFR from COVID-19.

Koponasupyc SARS-CoV-2 (severe acute respiratory syn-
drome coronavirus 2) OTHOCUTCSI K cemeiicTBy Coronaviri-
dae, mopcemerictBy Coronavirinae, pony Betacoronavirus.
KopoHaBupychl HIMPOKO paclpoCTpaHeHbl cpedu Mmie-
KOMMUTAIIINX U IITULL X BBI3HIBAIOT PECITMPATOPHbBIE, KM -
IIeYHbIe, HEBPOJIOTMYECKMe 3a60IeBaHNsI, a TAKKe Tera-
tnt [1]. IlogcemerictBo Coronavirinae BKIOUaeT 4 popa:
Alfacoronavirus, Betacoronavirus, ~Gammacoronavirus
u Deltakoronavirus. 3aboneBaHue, BbI3BaHHOe SARS-
CoV-2, nonmyumiio HasBanue COVID-19.

IIJIT TPOHMKHOBEHMSI B KJIETKY KOPOHABUPYChI MC-
MOJIb3YIOT S GeJIOK — IIMKOIIPOTEMH, 00PasyIoIIuii BU-
PYCHbI€ IIUIThI, KOTOPBIN SIBJISIETCSI OCHOBHOM MUIIIEHbIO
IJIsT HeTpanu3youmx aHTuTen [2]. S 6el10K coCTOUT U3
IBYX CyObeOMHMII: BapuabeabHOI S1, BKIIOYAIOIIei pe-
LIEIITOP-CBSI3bIBAIOIINII CaiiT, U GoJiee KOHCEPBATUBHOI
S2, oTBeTCTBEHHOV 3a C/IMSIHME BUPYCHON U KJIE€TOY-
HOI MemOpaH. Penjenitopom st BupycoB SARS-CoV-1
u SARS-CoV-2 CIy:KMT aHTMOTeH3MH-IpeBpauaronimii
depment 2 — ACE2 (angiotensin-converting enzyme 2),
a mis Bupyca MERS-CoV (Middle East respiratory
syndrome) — gunentuauianentuaasa-4 DPP4 (dipeptidyl
peptidase 4) [3]. Ilokazano, utro SARS-CoV-2 obnagaer
B 10-20 pas 6o5ee Bbicokoit adpduHHOCTHIO K ACE2, uem
SARS-CoV-1 [4], uTo obecrieurBaeT €ro MOBBIIIEHHYIO
KOHTAarmo3HOCTb.

VY 3HAuUUTENbHOV 4YacTU NalMEeHTOB, 3apaXeHHBIX
SARS-CoV-2, 6ose3Hb MpoTeKaeT 6eCCUMMIITOMHO WU
BBI3bIBAsI CJabble pecrupaTOpHbIe CUMIITOMBI. OTHAKO
MouTH y 55% cuMmnroMaTMuecKuxX MalyMeHTOB IpUMep-
HO K BOCbBMOMY OHIO 3a00JIeBaHMS TIOSIBJISIETCS AbIXa-
TeJibHasi HeIOCTaTOYHOCTD 13-3a Pa3BUTHSI THEBMOHUMU
C IBYCTOPOHHE}I MHOXECTBEHHOJ OJIeBOii M cybcer-
MeHTapHO} 30HOV KoHcomupmauyu [5]. V 29% u3 atux
MaIIeHTOB MTHEBMOHMSI TIEPEXOUT B TSIKEIYIO CTAIUIO
C pasBUTHEM IIUTOKMHOBOTO LITOPMA U OCTPOTO PECIM-
patopHoro auctrpecc-cuaapoma (OPIIC), yacTo mpuso-
ISIIET0 K CMePTeTbHOMY UCXomy [5-7].

[Tomo6HO SARS-CoV-1 u MERS-CoV [8, 9], nHdex-
st SARS-CoV-2 BbI3bIBae€T MOBBIIIEHHYIO CEKPELVIO
MIPOBOCITAIMTETbHBIX [IUTOKMHOB ¥ XeMOKWHOB, TaKUX
kak IL1p (interleukin 1B), IFNy (interferon v), IP10 (IFN
inducible protein 10), MCP1 (monocyte chemoattractant
protein 1), [L4 u IL10, a y mauyeHTOB ¢ 60j1ee TSKeIbIM
TeyeHMeM 3a00eBaHMsI, HYKIAIOIMUXCS B MHTEHCUB-
HOJl Tepamnuu, B IIa3Me KPOBYM HAOMIOAAIOTCS BbICOKVE
yposHM IL2, IL7, IL10, GMCSF (granulocyte-macrophage
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colony-stimulating  factor), IP10, MCP1, MIPla
(macrophage inflammatory protein a) u TNFo (tumor
necrosis factor o), CBUAETENIbCTBYIONINE O IIUTOKMHOBOM
mrropMme [5, 10]. [TaTomoroanaTtommuueckoe ob6ciefoBaHye
yMepIIUX NalyeHTOB M0Ka3alo, YTO JIeTKMe SBISIOTCS
OCHOBHBIM TIOBPEXAEHHBIM OpPraHOM, a IPUCYTCTBUE
SARS-CoV-2 Hab6moganoch He TOJNbKO B albBEOISIPHBIX
SMUTENNATbHBIX KJIeTKax, HO M B alIbBEOJISIPHBIX MaKpO-
(harax, B Makpodarax B aMMdaTUUECKUX Y3/1aX U B cejie-
3eHke [11].

Bo Bpems Bcnbiniku SARS-CoV-1 B 2003 1. y 60/1bHBIX
6bL1a 3apUKCUpPOBaHA CBSI3b MEXKIY TSKECThIO 3a60/1eBa-
HMSI I PAaHHUM Da3BUTMEM aHTUTEIbHOIO OTBeTa. bblio
3aMeueHO, YTO Y ITAI[MeHTOB C TSKeIbIM TeUeHeM 3a60-
JIeBaHMS, KOTOPHIM TPeOOBAJICS IOTIONHUTENbHBIN KUC-
JIOPOJ, U TrocOuTaausalusi B OTHe/leHMe MHTeHCUBHOI
Tepanuu (OUT), mepBble aHTUTeNIA MOSIB/SINCD yKe Ha
4-it neHb 3a6oyieBaHMSI, OTMEUAach PaHHSISI CEPOKOH-
Bepcust aHTUTe (<16 gHelt), COmpPOBOXKIAIOIIASICS BbICO-
kumu tutpamu I1gG [12, 13]. Y Takux maryeHToB 601e3Hb
yare 3aKaHYMBaIach JJ€TATbHBIM MCXOAOM. B 6osee jer-
KUX CIydasx crieluyuaHbie aHTUTeNA TOSIBIISUTUCH CITy-
cTs 2-3 Hemeny mocie MHOUIMPOBAHUS C JOCTVKEHMEM
cepokoHBepcun B cpenHeM yepes 20 mHeit [13-15]. Tu-
TPBI AHTUTEN Y MALMEHTOB, TIepeHecHnX 6eCCUMITOM-
HYI0 MHOEKINI0, ObUTM HU3KUMM, U CEPOKOHBEPCUN
BCTpEUaJICh PeIKO.

AHAJIOTUYHO Y NalMeHTOB, MHOUIMPOBAaHHBIX SARS-
CoV-2, Tsokenoe TeueHMe 3a60yieBaHMS KOppeaupyeT
¢ Oosee BBICOKMMU TUTPAMU aHTUTEN IO CPaBHEHUIO
C TanyeHTaMM C JIETKUM TeueHueM 3aboneBanHwus [5].
Y maiuyeHTOB, TocOuUTaaIu3upoBaHHbIX B OUT, paHHee
TOSIBJIEHVEe HeMTPaau3yIIIUX aHTUTeI ObII0 3aUKCH-
POBaHO y3Ke uepes 5-14 qHeit mocje mosiBJIeHUs CUMITTO-
MOB [16].

OnHOJ M3 NPUYMH paHHEro aHTUTENbHOTO OTBETa
MOXET SIBJISITbCSI Hanmuuue B-kiaeTok mamsitu, 06paso-
BaBIIMXCS TIPU MPeAIIecTBYolei MHPEeKIU aHTUTeH-
HO-POJICTBEHHBIMM MTaTOreHaMM. MI3BeCTHO, YTO 6eTako-
POHaBUPYChl MOTYT MHIYIMPOBATb KPOCC-peaKTUBHbIE
aHTUTeNa OPYT MPOTUB Jpyra Jasxke MIpU OTCYTCTBUU
BBICOKOI Tomosioruu S 6enka. Tak, mpyu MHOEKIUU KO-
poHaBupycoM uenioBeka OC43 MHOYIMPOBAINUCH aHTU-
temna mpotuB SARS-CoV-1, u Hao6opor [17, 18]. B cbiBo-
pPOTKax MalueHToB, nepedoneBimmx SARS-CoV-1, 6pu1n
HalileHbl HEeNTpaJM3yIolIMe aHTUTela K Oojee IO3-
Hemy Bupycy MERS-CoV [17, 19], a B CbIBOPOTKaxX KPOBU
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3J0POBBIX JOHOPOB B 3% ciayuaeB ObUIM OGHAPY>KEHBI
HelTpanusyrwuue anturena K SARS-CoV-2 [16].

Ha nmpumepe SARS-CoV-1 656110 1MOKa3aHo, 4YTO aHTH-
Tesna K S 6eJIKy MOTYT YCMJIMBATD IaTOJOTUIO MHMEeKII
3a CUeT aHTUTEJIO0-3aBYCUMOTO YCUIeHNS 3a00IeBaHMST —
ADE (antibody-dependent enhancement) [20]. C wmc-
M0JIb30BaHMEM CHIBOPOTOK MAI[M€eHTOB, MepeboIeBIINX
SARS-CoV-1, 6bl1 KapTUPOBAaH MMMYHOIZOMMWHAHTHBIN
B-knetouHsblii sntuton B S Genke (597-603), MHAyLUPY-
IOt aHTUTeJNa, KOTOpble YCUIUBAIMU MHGEKIMIO Kak
in vitro, Tak 1 in vivo Ha Mogeny npuMartos [21]. DeHoMeH
ADE u3BeCcTeH [Ji1 PAa3JMUYHBIX BUPYCHBIX MHQEKINIL.
B koHie 1960-x IT. BakUMHALMS JeTel MPOTUB pPeCIiu-
paToOpHO-CMHUUTHaNIbHOTO Bupyca (RSV) npuBena K ro-
crimrtanm3anum 80% peteli ¢ TSHKe/IbIM PeCcriupaToOPHbIM
3aboseBaHNKeM, MPU 3TOM [JBOe JeTeit ymepnu. Ilpen-
10JIaraeTcsl, UTO NPUYMHOI 3TOr0 KaTtacTpoduueckoro
pe3ynbTaTa BakIMHaIuu 66110 passutue ADE [22, 23].
ADE Taxke onmcaHo IJis1 BUpyca JeHre, Bupyca TpuIlma,
BUpyca J6oma [24-27].

Mexauusm ADE mipyM KOpOHaBUPYCHOV MHGEKIUK
COCTOUT B TOM, UTO aHTK-S IgG B opraHusme GOIBHOTO
CBSI3BIBAIOTCSI C IOBEPXHOCTHBIM S 6€JIKOM BUpyca, 06pa-
3ysI UMMYHHbIE€ KOMITIEKCBI. DTU KOMIIIEKChI CIIOCOOHDI
CBSI3BIBATBCSI C TIOBEPXHOCTHI0 MMMYHOKOMITETEHTHBIX
KJIETOK, BKJTFOUAast MOHOIIUTBI, Makpodaru mi B-kieTku,
rocpeicTBOM B3amMopelicTBus Fc dparmeHnTa aHTuUTen
¢ Fcy penentopom (FcyR), akcipeccupoBaHHBIM Ha I10-
BEPXHOCTM 3TMX KJIeToK [28]. Takum 06pa3om, Makpo-
daru MoryT GarouuTUPOBaTh MMMYHHbBIE KOMILIEKCHI
yepes albTEepPHATUBHbBINA MeXaHU3M, He CBSI3aHHbBII C pe-
uentopom ACE2, oTCyTCTBYIOIIMM Y Makpodaros. Takke
OIMCAaHO, UTO MPU B3aMMOIEICTBUM HENTPanu3yIIIuX
aHTK-S IgG ¢ perenTop-CcBI3bIBAIOIINM caiiToM S 6enka
SARS-CoV-1 unnyiupyeTcst ero KoH(popmaloHHOe 13-
MeHeHMe C ITOCIeAyIoleil akTUBaIeil 6enKa CIUSHUS,
Jeiast BO3SMOKHBIM MHMUIIMPOBaHKEe MaKpodaros, Ipu-
BoAsIIee K TpaHCKpumiuy reHoMma [29, 30]. Xotst nupu-
IMpoBaHMe MakpodaroB KOPOHABUPYCAMU He IPUBOIUT
K TIPOOYKTUBHOM MH(EKUUN, UX B3aUMOJeliCTBIe C BU-
pPYCOM BBI3bIBaeT MOMSIPU3alMi0 PyHKIMOHATBHOTO CO-
CTOSTHUSI B CTOPOHY IPOBOCIAIUTENbHBIX MaKpodaros
M1 (Puc. 1).
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Hakormienre makpogaroB M1 B JerKux IPUBOIUT
K TIOBBIIIEHHON IPOAYKLUMM XeMOKMHOB, TaKUX Kak
MCP1(CCL2) u IL8(CXCL8), BbI3bIBAIOIINX WHOPUIb-
TpalyMio JIETKUX IPOBOCIAJINTENbHBIMU JIeIKOLIUTA-
MU. B pesynbTaTe 3TOTO B JIETOYHOM TKaHU MPOUCXOOUT
pe3koe HapacTaHMe BOCIAJIEHUS], COMPOBOXKIAEMOTO
runepuutokuHemueii u pazsuruem OPIC [31, 32]. Ilo-
Ka3aHo, YTO pa3BUTHME IPOIecca 3aBUCUT OT KOHILIEH-
tpauuu u apduuuoctu autu-S IgG. ADE Hactynamo mpu
Cy6ONTMMATBbHOM KOHIEHTPAIMU aHTUTET UIU UX HU3-
Ko¥ apMHHOCTM, HEIOCTATOUHO ISl HeTpanm3aumn
BUpyca [33, 34]. B Moe/lbHOM 3KCHepUMEHTe Ha Maka-
Kax ObIIO IMOKA3aHO, UTO HelTpanmusyiomye antu-S IgG
CHMKanu TUTP BUPYCA Y KUBOTHBIX, HO OLHOBPEMEHHO
3HAQUUTEIIbHO YCUIMBAJINM JIETOUHYIO Tartosnoruio [31].
CHIDKeHMe TTaTOJIOTUM JOCTUTaIoCh 6/1oKamoit FcyR ma-
Kpodaros [31]. Takum 06pa3omM, UMMYHHbIE KOMILIEKCHI
UTpau KI0YeByio poib B passutuu ADE, a HaGmomae-
Mble TIOBPEXAEHMSI OPTraHOB MPU TSDKeNIOoV MHOeKum
OBLIM BBI3BAHBI HE M30bITOUHBIM PA3MHOXKEHNEM BUPY-
ca, a ruIepakTUBaleil BpOKAEeHHOTO BOCHAIUTENbHOTO
oTBeTa [14]. MOXXHO IpeAIonoXnTh, UTo Mexanu3M ADE
JIEKUT B OCHOBE OCIOXHEHHOTO TeUeHUs] 3a60eBaHuUs
COVID- 19, Hab110HaeMOro Py paHHEM pa3sBUTUM aHTU-
TeJIbHOTO OTBETA, 00YCJIOBJIEHHOTO Ha/MuMeM B-KieTok
MaMsITU — TOTEHIMAIbHBIX MPOLYLIEHTOB aHTUTEN
K S 6eJIKy pOJICTBEHHBIX KOPOHABUPYCOB.

VccnenoBanusi MO BBISIBJIEHUIO €CTECTBEHHOTO XO-
3suHa SARS-CoV-1 B Kutae mokasanu, uTo G1M3KOPOL-
CTBEHHBIN BUPYC UMPKYIUPYET B TTIOAKOBOHOCHIX JIETYUMX
MBIIIIaX, OTHOCSIIMXCST K pomy Rhinolophus, cemeiicTBy
Rhinolophidae, otpsimy Chiroptera [35, 36]. CUKBeHC mep-
BbIX mTaMMOB SARS-CoV-2 umeet 1o 86.9% romosnorun
C paHee BblJeNleHHbIM B KiiTae KOpOHaBMPYCOM JIETYUUX
Mblwreii bat-SL-CoVZC45 [37]. Tomonorus S 6enka SARS-
CoV-2 ¢ gpyruMu KOpOHaBUPYyCaMU JIETYyYUX MBbIIIE CO-
craBisieT ot 75.7% mo 97.7% [38, 39]. CnemoBaTenbHO,
Y JI0Zeil, KOHTaKTUPYIOLIMX C JIETyYMMU MbIIIIaMU, MOTYT
ObITh aHTUTENA UM B-KIeTKM maMsaTH, pacro3Halollye
SARS-CoV-2 aHTUTeHBI, BCIEICTBME TepeboieBaHus aH-
TUT€HHO OJV3KMMM KOPOHABMPYCAMMU JIETYUMX MBIIIe,
CITOCOGHBIMM BBI3BIBATH JIETKYIO WM 6ECCUMITTOMHYIO
MH(EKIINIO.

7. %E{ @ poBocnanutensHble

o0 LLUTOKMHbI U XEMOKUHbI

MNMpoBocnanntenbHbIM Makpodar

Puc. 1. MexaH3M aHTUTEI0-3aBUCHUMOTO yeuieHus: nHdekimn/3a6onesanust (ADE).
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JleTyune MBILIIM MCOONB3YIOTCS B Iuiry B HOskHOM
Kurae n gpyrux crpaHax 3TOro pervoHa. YKuBbIX JeTy-
YMX MbIIIe 4acTO MOXKHO YBUeTh Ha PbIHKAX U B pe-
CcTOopaHax Ha fore Kurtasi, 4To 3HaUMTETbHO 06/IeryaeT ux
KOHTAaKT C OPYTUMMU XXKUBOTHBIMU U C JIIOABMU U MOXKET
SIBUTBCSI TPUUMHO MHbUIMpoBauus aomaeit [20]. Hamu-
Ylie TTOBBIIIEHHBIX TUTPOB aHTUTEN K BUPYCaAM, OJM3KUM
SARS-CoV-1, y nrogeii, CBSI3aHHBIX C PBIHKAMM 10 IIPO-
Jlaske SKMBBIX JKMBOTHBIX, TOATBEPKIAeT (GakT MHOU-
LMPOBaHMs JIIOLeil BUpycaMy OT JieTyuux Mbiuieii [40].
dddexkr ADE MO)keT OOBSICHUTb IMOBBILIIEHHOE UMCIIO
TsKenbix cmydyaeB COVID-19 co cmepTenbHBIM UCXOIOM
B Kutae cpenut nmwomeii, CBSI3aHHBIX C TaKMMM PbIHKAMU
[5].

[Tocne nosgnenns B 2002/2003 r. SARS-CoV-1, BbI-
3BaBIIero SNUAEMMI0 aTUMUYHOV TTHEBMOHUM, W3-
yueHMe UUPKYISIIUU KOPOHABUPYCOB B MUPE BBISIBUIIO
60JIbIIIOE KOJIMYECTBO JIETYUMX MBIIIEN, SIBJISIONMXCS
MIPUPOOHBIM pe3epByapoM KOPOHABUPYCOB, HE TOIBKO
B Knurae, HO 1 BO MHOrMX cTpaHax EBpoIibl 1 AMepUKH,
a Taxke B ABcTpanuu [41]. JleTyume MbIIIN SIBISIIOTCS
eIMHCTBEeHHBIM TIpe/CTaBUTeIeM MJIeKOMUTAIUUX,
CITOCOOHBIX K aKTMBHOMY IoyieTy. Heo6XomumMocTs jie-
TaTh MPUBOAUT K TOBBIIIEHHOMY KJIETOYHOMY MeTa-
601M3My C MHOBBIIIEHVEM TeMIIepaTypsl Tenaa no 41°C,
YTO COIPSDKEHO C IOBpexaeHussMu reHomHoi THK.
OBOJION M JIeTYYMX MBbILIE cAenana BO3MOXKHBIM Ipe-
IOTBpallleHMe BOCHAJMUTENbHbIX peakluii IyTeM ocja-
6/IeHNUST IIUTOIIa3MaTUUYECKMX CEHCOPOB aHOMAaIbHBIX
IHK 1 JHK matoreHos, Takux Kak STING (stimulator of
interferon genes), a Tak’ke CHVMKEHME YPOBHS BbIPaboT-
KV BOCIIAJUTEIbHBIX UTOKMHOB, Hanpumep TNFa [42,
43]. BauiencTBye CHMMKeHMSI MHTEHCUBHOCTY 3alUTHBIX
BOCTTQJIMTE/IbHBIX peakiivii MOBbICUIACh UYBCTBUTENb-
HOCTb KJIETOK JIeTy4MX MbIllIeli K 3apaskeHuI0 BUpyca-
MM, UTO OBLIO KOMIIEHCHMPOBAHO BBIPAOOTKOII GoJjiee
3(heKTUBHBIX MTPOTUBOBUPYCHBIX Mep, TAKMUX KaK KOH-
CTUTYTUBHAs sKcripeccus [FN u Hanuume yHUKaJIbHBIX
ISG (interferon-stimulated genes). 3a c4yeT MOIIHOII
cucteMbl IFN oTBeTa U uaeanbHON peryasnuu BOCIa-
JIUTEJbHBIX peakUuil JieTyuue MbIIIM MPUoGpenu BbI-
COKYIO YCTOMUMBOCTD K BUPYCHBIM MHGbEKIMSIM [42, 43].
PHK-comepskaiiyue BUPYCbl PEMPOAYLUMUPYIOTCS B 3TUX
SKMBOTHBIX [10 BBICOKMX TUTPOB U MEPCUCTUPYIOT, He
HaHOCS CYLIeCTBEHHOTO Bpefa UX 310pOBbI0. B pe3yib-
TaTe OrPOMHOE MHOKEeCTBO JIETyUUX MbIIIei TOTeHLIu-
aJbHO SIBJISIETCS] MUICTOUHMKOM BUPYCHBIX MHMEKLMIA s
SKMBOTHBIX U ntofeii. Cpeay HUX OTMEeUaloTCsI OIacHbIe
uHbexnMy, BKIOYasi KopoHaBupychl (SARS-CoV-1,
MERS-CoV), dunoBupychl (Bupychl Ebola u Marburg),
xeHunaBupycel (Bupycbl Hendra u Nipah) [44]. TTosiB-
nenue B 2019 r. SARS-CoV-2 uHbeKUMM SIBASETCS elle
OIHMM SIPKUM IpuMepoM. Jltomgu, o61amast MeHee COBep-
IIeHHBIM MEXaHM3MOM KOHTPOJISI HaJ, BOCIIQJIEHUEM,
HeXXeJIN JIeTy4YMe MBI, MOTYT UMETb MaTOJIOTUYeCKUI
OTBET CUCTEMBI BPOXXAEHHOIO UMMYHUTETA, KAKUM $IB-
JIsieTCsl UMTOKMHOBBIN mwTopm u OPLC.

JleTyurie MbIIINU XXUBYT KOJIOHUSIMU, HACUYUTHIBAIO-
IIVIMM COTHM ocobeii. [He3ma SKMBOTHBIX YacTO PacIio-
JIOKEHBI B MMapKax M B HEMOCPEACTBEHHON OM30CTU OT
2020
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SKMJTBIX TOMOB. B 061IeCTBEHHOE MPOCTPAHCTBO MBIIIN
BBIIESIIOT BUPYCHI C PeRaTMUSIMM, B KOTOPBIX KOJIMUECTBO
BUpYyca MOxeT gocturath 2.4x108 kommii/t [45]. B EBpo-
Tie BCe BUIbI JIETYUMX MbIIIEi 06eperaroTcs M HaXOmsITCS
nof, 3amuToii [upexktuBbl EBponeiickoro Corosa 0 co-
XpaHEeHUM eCTeCTBEHHO Cpebl OOMTAaHMS U VKO day-
HbI U Gopsr [46] n CornamnieHus 0 COXpaHeHUN JIETYINX
mbluteii B EBporne [47].

3 yeTbIipex M3BECTHBIX POJOB KOpOHAaBMpyca OT Jie-
TY4MX MBIIIEl BbIAEISIIUCH TOMBKO NBa: Alfacoronavirus
u Betacoronavirus. Hauunast ¢ 2010 r., anbda- 1 6eta-
KOPOHAaBUPYChl TIOCTOSIHHO PEerucTpupyloTcs B JeTy-
yyx Mblmax Uranum [48-50], mpu 3TOM B IIPOBUHIIMSIX
[IbeMOHT M JIUrypus BbBISIBJIEHHOE 3apakeHMe KOJIO-
HMit coctasisieT o 26% [51]. B 13 pernonax Vcnanuu
obcnemoBanne 576 ocobeit pasiMUHBIX BUIOB JIETY-
YyxX MbIIIe TO3BOIWIO UIeHTUGUIMPOBATh 14 HOBBIX
anbda- u OGerakopoHaBupycoB [52]. B Hwumepmanmax
6eTaKOPOHABUPYChl ObUIM BbImeNeHbl u3 211 jmeTyumx
MbllIel B 31 HaceleHHOM MyHKTe. [Ipy 3TOM OCHOBHBIM
HOCHUTeNIeM OKa3a/IiCh JeTyune Mol pona Pipistrellus,
MIMPOKO paclipocTpaHeHHbIe B TOPOJCKUX paiioHax. BbI-
SIBJIEHHAsI 3apaskeHHOCTb JIeTYUUX MbIIlIel i KOpOHaBUPY-
camu B Hupepnangax coctaBmia 16.9% [53], a Bo ®@paH-
uyu — 37.9% [54]. OgHako pacrpocTpaHeHUe JIETYInX
MBbIIlIeN, HOCUTeJel KOPOHABUPYCOB, HEOAHOPOAHO. Taxk,
B l'epmanuu mpu usydeHun 653 JieTyunx Mbllieit B Tpex
permoHax KOPOHaBMPYChl BCTpeUaaMCh 3HAUYMTENbHO
peske, uiub B 1.4-3.1% ciydaes [55]. C ropaszmo 6osbiueit
yacrtoroii (0T 25,8% mo 65%) B epMmaHuyu o6HAPYKMBa-
JIXCh aCTPOBUPYCHI (CeMeiicTBO Astroviridae).

Bo MHOruMx eBporeiickux CTpaHax, Bkiwuas Kra-
ymto, Vcmauuto, @paHuuio u bonrapuio, BbIAEISIIUCH
SARS-CoV-1-1iof06HbIe 6E€TAKOPOHABUPYCHI, TIPU ITOM,
Kak ¥ B Kutae, 9T¥ BUPYChI OBLIM BBIIEIEHbI OT IOM-
KOBOHOCBIX JIETyUMX MblImieir poma Rhinolophus [51],
MOATBEPXKIAS CHelMPUIHOCTh JAHHOTO XO3SIMHA IJIst
SARS-CoV-1-nnomo6HbIX BupycoB. Ha Puc. 2 mokasaHo
pacIpocTpaHeHue JIeTyuYMx MbIleir poma Rhinolophus,
HocuTesnelt SARS-CoV-1, B Mupe. BakHO OTMeTUTH, UTO,
nomuMo Kutast u crpan I0ro-BocTouHoii A3un, JaHHbIN
pO[, JIeTyYMxX MbIIlIeil IMPOKO IpefCcTaBjiieH B CTpaHax
IOxxno11 EBponel u bivskHero n CpegHero BocToka, HO
orcyTcTrByeT B CeBepHOI EBporie.

[lpu cpaBHeHuM Ko3b UIMEHTa JETATBHOCTU
COVID-19 nio nauHbiM LleHTpa JoKasaTeabHOM MeaUII-
bl CEBM (Centre for Evidence-Based Medicine) (Ta6mu-
1a 1) ¢ KapToii pacrpoCTpaHeHUsI JIeTyIMX MbIIIel poaa
Rhinolophus, mnepenocsuux SARS-CoV-1-nogo6HbIe
BUPYChI, BUIHO, YTO B TaKuUX CTpaHaX, kak VcraHus,
Opannys, Uranus, Hugepnanopl, Benukobputanus, roe
pacrpocTpaHeHbl JaHHbIE JIeTy4ye MBbIIIN, HaGmogaeT-
cs1 TIOBBINIEHHAsT cMepTHOCTb oT COVID-19 ¢ koadbdu-
1IMeHToM JeTajbHOCTH Bbiliie 10 [56]. B cTpaHax, rue He
BBISIBJIEHBI JIETYUMe MbIIINM pona Rhinolophus — HocuTenn
SARS-CoV-1-no06HbIX BUPYCOB, CMEPTHOCTh 3HauM-
TeJbHO HIDKe (KO3(POUIIMEHT JIeTATbHOCTU 4-6). Takum
006pasoM, MPOCIEKMBAETCS TIPSIMAast KOPPEeISIINUS MEXITY
pacmpocTpaHeHMeM JIeTyIuX Mblieit — HocuTteneit SARS-
CoV-1-mogo6HbIX BUPYCOB — U TSDKECTbIO MHQEKINN,
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[ Ahinolophus ipposideros
[ Rhinolophus macrotis
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Puc. 2. Teorpadmyeckoe pacrpeeneHue JeTyuux Mpliiieit poga Rhinolophus, nepenocunkoB SARS-CoV-1-11ogo6HbIX KOPOHABUPYCOB [41].

Ta6mmua 1. Kosbbuiment neranbuoctn COVID-19 no manusim LlenTpa nokasarenbHoi menuiasl CEBM (Centre for Evidence-Based

Medicine) na 30 ampenst 2020 r. [56].

CrpaHa Yuciio netanbHbIX ciyyaeB  Oomee uncio nHbunypoBadHeix  KoaddunmeHr neranbHOCTH
Benbrust 7844 49906 15.72
Benuko6puTaHms 28446 186599 15.24
OpaHIusa 24895 168693 14.76
Wranus 28884 210717 13.71
Hupepnanmbl 5056 40571 12.46
lIBenus 2679 22317 12.00
Benrpust 351 3035 11.57
Vcmanus 25364 247122 10.22
HpoHe3us 845 11192 7.55
CrnoBeHust 96 1439 6.67
Eruner 429 6465 6.64
OUINIIITVHBI 623 9485 6.57
Vpaun 6203 97424 6.37
CIIA 68602 1188421 5.77
Kurait 4633 82880 5.59
Hanus 484 9670 5.01
[IIBejinapus 1473 29905 4.93
[Tonbia 683 13937 4.90
OUHIIHOVS 230 5254 4.38
TepmaHus 6866 165664 4.14
ABcTpus 598 15597 3.83
SInoHust 487 14877 3.27
DCTOHUS 55 1703 3.23

BbI3BaHHOI HOBBIM BUpycoM SARS-CoV-2. Cpenu ctpan
CeBepHoit EBpomnbl Bbifensercs IlIBelnsi, B KOTOpPOi He
BBISIBJIEHBI JIETy4Ylie MBI — MePEeHOCYMKM KOPOHABU-
PYCOB, HO HaOJIOAAETCST BBICOKASI CMEPTHOCTh € KO3(]-
bunmentom netanbHOCT 12. O6BSICHEHMEM MOKET CITy-
SKUTh HEIABHO OMyOJIMKOBaHHAs MH(OpMAIsS O TOM,
uTo B IlIBe1uu rubesb oaeit HabmogaeTcss B OCHOBHOM
cpeayt uMMurpanToB u3 Cupuu, ipaka u Adranucrasa —
CTpaH, BXOHOSIIMX B TIOSIC PacpOCTpaHEHMS] JIeTyuuX

mir-journal.org

MblIIIIeii — mepeHocYnKoB SARS-CoV-1-11o06HbIX BUPY-
coB [57]. TToxoskast cuTyalust oTMedeHa B Bennko6puTa-
HMU, IJe NPenCcTaBUTeNN HAalUMOHAIbHBIX MEHBIIVHCTB
orn6aT OT KOPOHABUPYCHOM MHGEKIMK Ha 27% yJaiie,
yeM OCHOBHOe HaceyneHue Bemmko6puranuu [58]. He-
00XOIMMO OTMETUTD, YTO B OTHEIbHBIX paiioHax Bemu-
KOOPUTAHMM TaKke BCTPEUAIOTCS JieTyuue MBIIIM pofa
Rhinolophus, nnepenocsiiye SARS-CoV-1-1momo6HbIe KO-
POHaBUPYCHI.
38
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HepaBHOMEpPHOCTH pacipeneneHns CMePTHOCTY IIPH
COVID-19 B pasauMuHbBIX CTPaHaX MOXKET OObSICHSITHCS
MHOTMMU IIPUYNHAMU, BKItoUast Hanmuue BCG BakuuHa-
uuu [59], nedunrom ButammHa D [60], a Taxoke colyanb-
HbIMU TpyuMHaMy. OMHAKO BRIIBMHYTASI HAMY TUITOTe3a
0 KOPPEJISINY TUIOTHOCTY TTOIYJ/ISIIIAN JIETYUMX MBIIIEN,
SIBJISTIOIIVIXCST TIPMPOJHBIM Pe3epPBYapoOM Pa3IMUHbIX KO-
POHABMPYCOB U, B YaCTHOCTY, 6ETAKOPOHABUPYCOB, O/IM3-
KIUX 10 aHTUTeHHBbIM cBolicTBaM Bupycy SARS-CoV-2, co
cMepTHOCTBIO 0T COVID-19 B OTZeNbHBIX CTPaHaX TakoKe
3aCTY>KMBaeT MPUCTaIbHOTO 13ydeHMsi. KOHTaKThI Ttofei
Y JIETYYMX MBIIIEN B CTpaHaX, OTJMYAIOMINXCS BICOKO
IIJIOTHOCTBIO TTOCTIEIHUX, MOTYT IIPUBOAUTD K TTOBTOPSI-
Ioleiicst 6eCCUMITTOMHOM MHMEKIMM B TeUeHMe XKU3HU
OTJIIeJIbHOTO YeJIoBeKa. BeposiTHOCTb TaKOTO MHPUITUPO-
BaHMSI HU3Kasl IJISI IeTeli M MOJIOABIX JIOJeil 1 TTOBbIIIIa-
eTcsl C yBeJMueHueM BO3pacTa, UTO COTIacyeTcsl C aH-
HBIMM O MEHbIIIEM UMCJIe CMEePTEIbHbIX CTyUaeB y JTIOei
B Bo3pacTte A0 20 JIeT Ipy OAMHAKOBOI 4acToTe 3a60J1e-
BaHMI B pasHbIX BO3PACTHBIX TpyIlnax. BosHuKarwIe
B pes3ysbTaTe 3TOro Ipoliecca B-KIeTKu mamsTi MOTYT
MIPUBOAUTD K YCKOPEHHOM MPOAYKINUM aHTUTEJT IIPU T10-
cienytoreit nH@ekiyyu SARS-CoV-2. PaHHee nosiB/ieHe
HusKkoadgduHHbIX aHTUTeN Ipu COVID-19 MosKkeT IIpoBo-
LIMPOBaTh MHOUIIMPOBaHME MaKpodaroB 1 I'MITepBOCHa-
JIUTETbHBIN OTBET CUCTEMbI BPOXKIEHHOTO MMMYHUTETA.
TakuMm 06pa3om, HaJuMuMe MPeAIIecTBYIOIEero MMMYHN/-
TeTa K KOPOHaBMpPycaM MOKET MMEThb MOBPEeXIAIOIii
3(pdeKrT y OTHenbHbIX IMAIMEeHTOB IPOMOPLIVOHATBHO

JINTEPATYPA

1. Weiss SR, Leibowitz JL. Coronavirus pathogenesis.
Adv Virus Res. 2011; 81, 85-164. doi: 10.1016/B978-
0-12-385885-6.00009-2.

2. ChannappanavarR,Zhao],PerlmanS.T cell-mediated
immune response to respiratory coronaviruses.
Immunol Res. 2014; 59(1-3), 118-28. doi: 10.1007/
$12026-014-8534-z.

3. Li F. Receptor recognition mechanisms of
coronaviruses: a decade of structural studies. J Virol.
2015; 89(4), 1954-64. doi: 10.1128/JVI1.02615-14.

4. Wrapp D, Wang N, Corbett KS, Goldsmith JA, Hsieh CL,
Abiona O, et al. Cryo-EM structure of the 2019-nCoV
spike in the prefusion conformation. Science. 2020;
367(6483), 1260-3. doi: 10.1126/science.abb2507.

5. Huang C, Wang Y, Li X, Ren L, Zhao ], Hu Y, et al.
Clinical features of patients infected with 2019 novel
coronavirusin Wuhan, China.Lancet.2020;395(10223),
497-506. doi: 10.1016/S0140-6736(20)30183-5.

6. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et
al. Clinical Characteristics of Coronavirus Disease
2019 in China. N Engl ] Med. 2020. doi: 10.1056/
NEJMoa2002032.

7. Feng Y, Ling Y, Bai T, Xie Y, Huang J, Li J, et al.
COVID-19 with Different Severity: A Multi-center
Study of Clinical Features. Am ] Respir Crit Care Med.
2020. doi: 10.1164/rccm.202002-04450C.

Volume 7 Number1 2020

HAJIMYMIO Y HUX B-K1€TOK MaMsTy K POJCTBEHHbIM aHTU -
reHam. MccnemoBaHue Haiuuus B-KaeTOK maMsTH K aH-
TUTeHaM OeTaKOPOHABYMPYCOB Y 3I0POBBIX JTIOMIEI MOXKET
0Ka3aThCsl CIIOCOG0OM OIIEHKU PUCKA TSIKEJIOTO TeUeHMS
3aboneBanus nmpu nHpekuu SARS-CoV-2.

KOH®JIUKT MHTEPECOB

ABTODBI 3asIBJISIIOT 06 OTCYTCTBMM KOMMEPYECKOTO WU
(bMHaHCOBOTO KOHMIMKTA MHTEPECOB.

UNTUPOBAHUE

Eropos AIO, PomanoBa IOP. Biusinue rmo6GaJbHOIO pac-
TpefesieHNus JIeTyuuX Mblllieit Ha CMEPTHOCTD Y TTallieHTOB
¢ COVID-19. MIR J. 2020; 7(1), 34-41. doi: 10.18527/2500-
2236-2020-7-1-34-41.

ABTOPCKME NMPABA

© 2020 EropoB. dTa cTaThsl MyOIMKYeTCSI B CBOOGOTHOM
JOCTyTe B COOTBeTCTBUMM C JinileH3ueii Creative Com-
mons AttributionNonCommercial-ShareAlike 4.0 In-
ternational Public License (CC BY-NC-SA), xoropas
II03BOJIIEeT HeOrpaHMUYEHHOE MCIIOIb30BaHMe, PaciIpo-
CTpaHeHMe U BOCIIPOM3BeINeHMe Ha JIIOObIX HOCUTEISIX
MIpU YCJIOBMM, UTO YKA3bIBAIOTCSI aBTOP M MCTOUHMK ITy-
OGnuKanMy, a MaTepuaa He UCIIOIb3yeTCs B KOMMepue-
CKUX IIEJISIX.

8. Wong CK, Lam CW, Wu AK, Ip WK, Lee NL, Chan IH, et
al. Plasma inflammatory cytokines and chemokines
in severe acute respiratory syndrome. Clin Exp
Immunol. 2004; 136(1), 95-103. doi: 10.1111/j.1365-
2249.2004.02415.x.

9. Cinatl J, Jr., Hoever G, Morgenstern B, Preiser W,
Vogel JU, Hofmann WK, et al. Infection of cultured
intestinal epithelial cells with severe acute respiratory
syndrome coronavirus. Cell Mol Life Sci. 2004; 61(16),
2100-12. doi: 10.1007/s00018-004-4222-9.

10. McGonagle D, Sharif K, O’Regan A, Bridgewood C.
The Role of Cytokines including Interleukin-6 in
COVID-19 induced Pneumonia and Macrophage
Activation Syndrome-Like Disease. Autoimmun
Rev. 2020; 19(6), 102537. doi: 10.1016/j.
autrev.2020.102537.

11. Wang C, Xie ], Zhao L, Fei X, Zhang H, Tan Y, et al.
Aveolar Macrophage Activation and Cytokine Storm
in the Pathogenesis of Severe COVID-19. PREPRINT
(Version 1) available at Research Square. 2020. doi:
10.21203/rs.3.rs-19346/v1.

12. Lee N, Chan PK, Ip M, Wong E, Ho J, Ho C, et al. Anti-
SARS-CoV IgGresponse in relation to disease severity
of severe acute respiratory syndrome. J Clin Virol.
2006; 35(2) 179-84. doi: 10.1016/j.jcv.2005.07.005.

mir-journal.org



JleTyune Mbiwm v netanbHoctb npu COVID-19

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

Zhang L, Zhang F, Yu W, He T, Yu J, Yi CE, et al.
Antibody responses against SARS coronavirus
are correlated with disease outcome of infected
individuals. ] Med Virol. 2006; 78(1), 1-8doi: 10.1002/
jmv.20499.

Peiris JS, Chu CM, Cheng VC, Chan KS, Hung IF,
Poon LL, et al. Clinical progression and viral load
in a community outbreak of coronavirus-associated
SARS pneumonia: a prospective study. Lancet.
2003; 361(9371), 1767-72. doi: 10.1016/s0140-
6736(03)13412-5.

Zhu M. SARS Immunity and Vaccination. Cell Mol
Immunol. 2004; 1(3), 193-8.PubMed PMID: 16219167.
Grzelak L SARS-CoV-2 serological analysis
of COVID-19 hospitalized patients, pauci-
symptomatic individuals and blood donors. medRxiv
2020.04.21.20068858; doi.org/10.1101/2020.04.21.20
068858

Chan KH, Chan JF, Tse H, Chen H, Lau CC, Cai JP, et
al. Cross-reactive antibodies in convalescent SARS
patients’ sera against the emerging novel human
coronavirus EMC (2012) by both immunofluorescent
and neutralizing antibody tests. | Infect. 2013; 67(2),
130-40. doi: 10.1016/j.jinf.2013.03.015.

Patrick DM, Petric M, Skowronski DM, Guasparini R,
Booth TF, Krajden M, et al. An Outbreak of Human
Coronavirus 0C43 Infection and Serological
Cross-reactivity with SARS Coronavirus. Can ]
Infect Dis Med Microbiol. 2006; 17(6), 330-6. doi:
10.1155/2006/152612.

Keng CT, Zhang A, Shen S, LipKM, Fielding BC,
Tan TH, et al. Amino acids 1055 to 1192 in the
S2 region of severe acute respiratory syndrome
coronavirus S protein induce neutralizing antibodies:
implications for the development of vaccines and
antiviral agents. J Virol. 2005; 79(6), 3289-96. doi:
10.1128/JVI1.79.6.3289-3296.2005.

Tetro JA. Is COVID-19 Receiving ADE From Other
Coronaviruses? Microbes Infect. 2020; 22(2), 72-3.
doi: 10.1016/j.micinf.2020.02.006.

. Wang Q, Zhang L, Kuwahara K, Li L, Liu Z, Li T, et

al. Immunodominant SARS Coronavirus Epitopes in
Humans Elicited both Enhancing and Neutralizing
Effects on Infection in Non-human Primates.
ACS Infect Dis. 2016; 2(5), 361-76. doi: 10.1021/
acsinfecdis.6b00006.

Osiowy C, Horne D, Anderson R. Antibody-dependent
enhancement of respiratory syncytial virus infection
by sera from young infants. Clin Diagn Lab Immunol.
1994; 1(6), 670-7. PubMed PMID: 8556519.

Gimenez HB, Chisholm S, Dornan J, Cash P.
Neutralizing and enhancing activities of human
respiratory syncytial virus-specific antibodies. Clin
Diagn Lab Immunol. 1996; 3(3), 280-6. PubMed
PMID: 8705669.

Haslwanter D, Blaas D, Heinz FX, Stiasny K. A novel
mechanism of antibody-mediated enhancement
of flavivirus infection. PLoS Pathog. 2017; 13(9),
€1006643. doi: 10.1371/journal.ppat.1006643.

mir-journal.org

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

40

Ochiai H, Kurokawa M, Matsui S, Yamamoto T,
Kuroki Y, Kishimoto C, et al. Infection enhancement
of influenza A NWS virus in primary murine
macrophages by anti-hemagglutinin monoclonal
antibody. ] Med Virol. 1992; 36(3), 217-21. doi:
10.1002/jmv.1890360312.

Katzelnick LC, Gresh L, Halloran ME, Mercado JC,
Kuan G, Gordon A, et al. Antibody-dependent
enhancement of severe dengue disease in humans.
Science. 2017; 358(6365), 929-32. doi: 10.1126/
science.aan6836.

Takano T, Yamada S, Doki T, Hohdatsu T. Pathogenesis
of oral type I feline infectious peritonitis virus
(FIPV) infection: Antibody-dependent enhancement
infection of cats with type I FIPV via the oral route. |
Vet Med Sci. 2019; 81(6),911-5.doi: 10.1292/jvms.18-
0702.

Fu Y, Cheng Y, Wu Y. Understanding SARS-CoV-
2-Mediated Inflammatory  Responses: From
Mechanisms to Potential Therapeutic Tools. Virol
Sin. 2020. doi: 10.1007/s12250-020-00207-4.

Yip MS, Leung NH, Cheung CY, Li PH, Lee HH,
Daeron M, et al. Antibody-dependent infection of
human macrophages by severe acute respiratory
syndrome coronavirus. Virol J. 2014; 11, 82. doi:
10.1186/1743-422X-11-82.

Jaume M, Yip MS, Cheung CY, Leung HL, Li PH,
Kien F, et al. Anti-severe acute respiratory syndrome
coronavirus spike antibodies trigger infection of
human immune cells via a pH- and cysteine protease-
independent FcgammaR pathway. ] Virol. 2011,
85(20), 10582-97. doi: 10.1128/JVI.00671-11.

Liu L, Wei Q, Lin Q, Fang J, Wang H, Kwok H, et al.
Anti-spike IgG causes severe acute lung injury by
skewing macrophage responses during acute SARS-
CoV infection. JCI Insight. 2019; 4(4), e123158. doi:
10.1172/jci.insight.123158.

Murray PJ, Wynn TA. Protective and pathogenic
functions of macrophage subsets. Nat Rev Immunol.
2011; 11(11), 723-37. doi: 10.1038/nri3073.

Wan Y, Shang J, Sun S, Tai W, Chen ], Geng Q, et al.
Molecular Mechanism for Antibody-Dependent
Enhancement of Coronavirus Entry. | Virol. 2020;
94(5). doi: 10.1128/JVI1.02015-19.

Iwasaki A, Yang Y. The potential danger of suboptimal
antibody responses in COVID-19. Nat Rev Immunol.
2020. doi: 10.1038/s41577-020-0321-6.

Lau SK, Woo PC, Li KS, Huang Y, Tsoi HW, Wong BH,
et al. Severe acute respiratory syndrome coronavirus-
like virus in Chinese horseshoe bats. Proc Natl Acad
Sci U S A. 2005; 102(39), 14040-5. doi: 10.1073/
pnas.0506735102.

Li W, Shi Z, Yu M, Ren W, Smith C, Epstein JH,
et al. Bats are natural reservoirs of SARS-like
coronaviruses. Science. 2005; 310(5748), 676-9. doi:
10.1126/science.1118391.

Zhu N, Zhang D, Wang W, Li X, Yang B, Song ], et al.
A Novel Coronavirus from Patients with Pneumonia

Volume 7 Number1 2020


https://doi.org/10.1101/2020.04.21.20068858
https://doi.org/10.1101/2020.04.21.20068858
https://doi.org/10.1101/2020.04.21.20068858

JleTyune Mbiwm v netanbHoctb npu COVID-19

38.

39.

40.

41.

42.

43,

45.

46.

47.

48.

49.

Volume 7

in China, 2019. N Engl ] Med. 2020. doi: 10.1056/
NEJMo0a2001017.

Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W,
et al. A pneumonia outbreak associated with a new
coronavirus of probable bat origin. Nature. 2020;
579(7798), 270-3. doi: 10.1038/s41586-020-2012-7.
LuR, Zhao X, Li ], Niu P, Yang B, Wu H, et al. Genomic
characterisation and epidemiology of 2019 novel
coronavirus: implications for virus origins and
receptor binding. Lancet. 2020; 395(10224), 565-74.
doi: 10.1016/S0140-6736(20)30251-8.

Leung GM, Lim WW, Ho LM, Lam TH, Ghani AC,
Donnelly CA, et al. Seroprevalence of IgG antibodies
to SARS-coronavirus in asymptomatic or subclinical
population groups. Epidemiol Infect. 2006; 134(2),
211-21. doi: 10.1017/S0950268805004826.

Wong ACP, Li X, Lau SKP, Woo PCY. Global
Epidemiology of Bat Coronaviruses. Viruses. 2019;
11(2), 174. doi: 10.3390/v11020174.

Subudhi S, Rapin N, Misra V. Immune System
Modulation and Viral Persistence in Bats:
Understanding Viral Spillover. Viruses. 2019; 11(2),
192. doi: 10.3390/v11020192.

Banerjee A, Baker ML, Kulcsar K, Misra V, Plowright R,
Mossman K. Novel Insights Into Immune Systems
of Bats. Front Immunol. 2020; 11, 26. doi: 10.3389/
fimmu.2020.00026.

. Mandl JN, Schneider C, Schneider DS, Baker ML.

Going to Bat(s) for Studies of Disease Tolerance.
Front Immunol. 2018; 9, 2112. doi: 10.3389/
fimmu.2018.02112.

Drexler JF, Gloza-Rausch F, Glende ], Corman VM,
Muth D, Goettsche M, et al. Genomic characterization
of severe acute respiratory syndrome-related
coronavirus in European bats and classification of
coronaviruses based on partial RNA-dependent RNA
polymerase gene sequences. ] Virol. 2010; 84(21),
11336-49. doi: 10.1128/JVI.00650-10.

The Council of the European Communities.
Council directive 92/43/EEC of 21 May 1992 on the
conservation of natural habitats and of wild fauna
and flora. Off ] Eur Union. 1992; 206, 7-50.
UNEP/EUROBATS Agreement on the Conservation of
Populations of European Bats. EUROBATS, London.
1991. http://www.eurobats.org/official documents/
agreement_text. Accessed on 25 February 2013.
Balboni A, Palladini A, Bogliani G, Battilani M.
Detection of a virus related to betacoronaviruses in
Italian greater horseshoe bats. Epidemiol Infect.2011;
139(2), 216-9. doi: 10.1017/50950268810001147.
Lelli D, Papetti A, Sabelli C, Rosti E, Moreno A,
Boniotti MB. Detection of coronaviruses in bats of

Number 1 2020

41

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

various species in Italy. Viruses. 2013; 5(11), 2679-89.
doi: 10.3390/v5112679.

De Benedictis P, Marciano S, Scaravelli D, Priori P,
Zecchin B, Capua, et al. Alpha and lineage C betaCoV
infections in Italian bats. Virus Genes. 2014; 48(2),
366-71. doi: 10.1007/s11262-013-1008-x.
RizzoF,Edenborough KM, ToffoliR, Culasso P,ZoppiS§,
Dondo A, et al. Coronavirus and paramyxovirus in
bats from Northwest Italy. BMC Vet Res. 2017; 13(1),
396.doi: 10.1186/s12917-017-1307-x.

Falcon A, Vazquez-Moron S, Casas I, Aznar C, Ruiz G,
PozoF,etal.Detection of alphaand betacoronaviruses
in multiple Iberian bat species. Arch Virol. 2011,
156(10), 1883-90. doi: 10.1007/s00705-011-1057-1.
Reusken CB, Lina PH, Pielaat A, de Vries A, Dam-
Deisz C, Adema J, et al. Circulation of group 2
coronaviruses in a bat species common to urban
areas in Western Europe. Vector Borne Zoonotic Dis.
2010; 10(8), 785-91. doi: 10.1089/vbz.2009.0173.

Ar Gouilh M, Puechmaille SJ, Diancourt L,
Vandenbogaert M, Serra-Cobo |, Lopez Roig M, et
al. SARS-CoV related Betacoronavirus and diverse
Alphacoronavirus members found in western old-
world. Virology. 2018; 517, 88-97. doi: 10.1016/j.
virol.2018.01.014.

Fischer K, Zeus V, Kwasnitschka L, Kerth G, Haase M,
Groschup MH, et al. Insectivorous bats carry host
specific astroviruses and coronaviruses across
different regions in Germany. Infect Genet Evol.
2016; 37, 108-16. doi: 10.1016/j.meegid.2015.11.010.
Oke J, Heneghan C. Global Covid-19 Case Fatality
Rates. CEBM, March 17, 2020. Available at: https://
www.cebm.net/covid-19/global-covid-19-case-
fatality-rates/

Bergstrom H. The Grim Truth About the “Swedish
Model”. Project Syndicate. Apr 17, 2020. Available
at: https://www.project-syndicate.org/commentary/
swedish-coronavirus-no-lockdown-model-proves-
lethal-by-hans-bergstrom-2020-04.

Barr C, Kommenda N, McIntyre N, Voce A. Ethnic
minorities dying of Covid-19 at higher rate, analysis
shows. The Guardian. Apr 22, 2020. Available at:
https://www.theguardian.com/world/2020/apr/22/
racial-inequality-in-britain-found-a-risk-factor-for-
covid-19.

Redelman-Sidi G. Could BCG be used to protect
against COVID-19? Nat Rev Urol. 2020. doi: 10.1038/
s41585-020-0325-9.

Marik PE, Kory P, Varon J. Does vitamin D status
impact mortality from SARS-CoV-2 infection? Med
Drug Discov. 2020 Apr 29:100041. doi: 10.1016/j.
medidd.2020.100041. Epub ahead of print.

mir-journal.org


http://www.eurobats.org/official_documents/agreement_text
http://www.eurobats.org/official_documents/agreement_text
https://www.cebm.net/covid-19/global-covid-19-case-fatality-rates/
https://www.cebm.net/covid-19/global-covid-19-case-fatality-rates/
https://www.cebm.net/covid-19/global-covid-19-case-fatality-rates/
https://www.project-syndicate.org/commentary/swedish-coronavirus-no-lockdown-model-proves-lethal-by-hans-bergstrom-2020-04
https://www.project-syndicate.org/commentary/swedish-coronavirus-no-lockdown-model-proves-lethal-by-hans-bergstrom-2020-04
https://www.project-syndicate.org/commentary/swedish-coronavirus-no-lockdown-model-proves-lethal-by-hans-bergstrom-2020-04
https://www.theguardian.com/world/2020/apr/22/racial-inequality-in-britain-found-a-risk-factor-for-covid-19
https://www.theguardian.com/world/2020/apr/22/racial-inequality-in-britain-found-a-risk-factor-for-covid-19
https://www.theguardian.com/world/2020/apr/22/racial-inequality-in-britain-found-a-risk-factor-for-covid-19

