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OCOBJINBOCTI ®OPMYBAHHS IMYHHUX 10
SARS-COV-2 BEPCTB HACEJIEHHSI
XAPKIBCBKOI'O PET'TIOHY ITPOTSITOM
TPABHSA JIUCTOIAY 2020 PIKY.
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HAMH Yxkpainn»
2Kadenpa imynoJiorii Ta mikpo6iosorii Xapkiscbkoi
MeIHYHOI aKkajeMii micasaumaoBHoi ocsitu MO3
Ykpainu

Beryn. V 3B’s13Ky 3 HOCTIHHOO MIHJIHBICTIO iH()EKIIHHIX
3aXBOPIOBaHb, JIIOJMHA 3HOBY 1 3HOBY CTHUKAa€ThCA 3
HOBUMH 3aXBOPIOBaHHSIMH, SIKIi MOXYThb CTBOPIOBATH
3HA4YHy 3arpo3y Uil JKUTTS Ta 370pOB’S HACEJCHH:,
CTBOPIOIOTH 3HAYHUH THCK Ha CHCTEMH OXOPOHH 310pPOB’S
Ta BIUIMBAIOTh HAa EKOHOMIYHMI CTaH KpaiH CBITY.
Henockonani meromm crnennigHol TPOQIIAKTHKA Ta
JIKyBaHHS Ha TETIEPIIIHLOMY €Tali He MOXYTh CBOEYACHO
OKa3aTH BIUIMB HA MOUIMPEHHS 1H(EKI] Ta JOKaIi3yBaTu
emigemMiuanit  mpomec. PicT  3axBOproBaHOCTI  Ha
TyOepKysb03, BipycHi rematutu, BlJI-iHdekuii, cnanaxu
IPHITY, KOPY, KallTFOKY — BCE L€ TOTPe0YE YJOCKOHAICHHS
npodiTakTUYHOI JOMOMOTH, MOUIYKY HOBUX €(EeKTHBHHX
JIKapChKUX MpenapaTiB, MOCTIHOTO emiJeMiOIOTIYHOTO
HArJsITy 32 JOBKIJULSIM Ta HaceneHHsM [1,2].

[Hdexuii, IIPUCTOCOBYIOYHCH 10 3MiH
HaBKOJIMIIHBOTO ~ CEpPENOBUINA, CTAlOTh BCE  OUIBII
arpecUBHUMH Ta YacTillle BUKJIMKAIOTh BAXKKI IS JTIIOJJMHU
¢dopmu 3axBoproBanb [2]. Ha choromHi HaiOimbII
aKTyaJbHUM € OCTaHHIN ClTaJax KOPOHABIpYyCHOT iH(DEKIIii,
sKuii mo9aBcs y rpyani 2019 poky B M. Yxans (Kurait), ne
BIlepIiie OyB BUSBICHHUIA HOBUI MATOrCHHUI KOPOHABIPYC
SARS-CoV-2, skuit ineHTH(IKOBaHMH SK NPUYMHA
KOpoHaBipycHol iH(ekuiiiHoi xBopobu (COVID-19). 3a
OCTaHHI JiBa AECATWIITTS Il Tpyma BipycCiB CIIpUYMHSIIA
JIEKIJTbKA JIOKATI30BaHUX CIAIaxiB «aTHITOBOI» ITHEBMOHII,
Buksinkanux SARS-CoV ta MERS-CoV, ane Ha BiaMiHy
Bin HuX, 30yqauk COVID-19 mBHIKO MOA0NIaB KOPIOHA
KpaiH i XxBopoOa mepeiinuia B GopMy CBITOBOI maHmeMii
[3,4].

Briepme koponaBipycu Oymu BusBieHi y 1931
poui aMepukaHChKUMH BeTepuHapamu A. Schalk i M.
Hawn, ski  onmcamm  HEBiZOMe  pecIipaTopHE
3aXBOPIOBAaHHS y Kyp4aT 3 BHCOKOIO KOHTario3HIiCTIO Ta
netanpHicTIO. B 1936 p. J. Beach i O. Schalm nmosenu
BipyCHy ertioJorifo 3axBoproBaHHA, a B 1937 p. F.
Beaudette i C. Hudson xymeTHBYyBanmm BipyC B KypsduX
embpionax [3,4]. ACoV TOBCIOIHO TOIIUPEHUH B
MO JIAIISAX JOMAIIHIX NTaxiB (Kype, iHIuKiB, Ga3aHiB) i
3aBIAa€ BEIMKUX EKOHOMIYHMX 30HMTKIB CUIBCBKOMY
rocriofapcTBy. Y 1946 p. amepukaHChKi AociiTHUKH L.
Doyle i L. Hutchings onmcamu Bipyc TpaHCMiCiBHOTO
ractpoentepury curei (TGEV), a y 1949 p. Oys
BUJIeHNH Bipyc renatuty mumeii (MCoV), sikuit Bpaxae
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Iukrx 1 jmaboparopumx wmumed. Illtam  mepmroro
kopoHaipycy moauman (HCoV) otpumamm y 1965 p.
cuiBpoOitHIKN Menuunoro rocmitamo M. Comncbepi D.
Tyrrell i M. Bynoe 3 HazanbHuX 3MuBiB XxBoporo Ha ['PBI
[5]. HasBy «Coronavirusesy 1i matoreHu orpumanu y 1968
p., BHAcHiJIOK XapakTepHoi Mopdosorii — 3y0Ouacte
00paMJIeHHS OKPYTJIMX YaCTHHOK BIpYCYy Haraaye COHAYHY
kopony. Ilo cywacHiii knacudikanii KopoHaBipycu
Hanexxatb g0  migpoamHu  Coronavirinae — poIvHHU
Coronaviridae  mopsiaky  Nidovirales. [igponuHa
Coronavirinae migpo3ainserscs Ha 4 poxu: o, B, y i -
coronavirus [7]. 30yOHWKH 3aXBOPIOBaHb  JIFOJUHH
MICTATBCSA B 2 pojiax: d- i -, P bOMY LIEHTPAIbHE MiCIIe
3aiiMae pix B-coronavirus, B sxuii Bxogiate SARS-CoV,
MERS-CoV ta SARS-CoV-2.

KoponaBipyciB, Bpakalouux JIIOAWHY Ha AaHUH
MoMeHT 7 BHiB. IX MOHa po3iuTH Ha 2 TPyMH:

1 rpynna — 4 mmpoxko nomupenux sugu — HCoV-
229E, NL63, OC43 i HKUI, sxi BUKIHKaOTL 10 15 %
tunoBux cezonnux ['PBl y miteii (i piamie y qopociux).

2 rpyna — 3 BAAHM KOPOHABIPYCIB, SIKi Y BEIIUKOMY
BIZICOTKY BHIIAAKIB 3apakCHHS BHUKJINKAIOTH aTHIIOBY
ITHEBMOHII0 — BaKKHAN TOCTPHUI pECIipaTOpHUIl CHHAPOM
(Severe acute respiratory syndrome — SARS):

1. Bipyc SARS-CoV, 0yB BustBienuit B Kurai B mucronani
2002 p. (mpupomHuii pezepByap iHPEKIT — KaxkaHu), TKUI
Bpa3uB MoHax § THcY mojeit (774 cMepTeNnbHUX BUNAKH,
aetapHicTh — 9 %). YKo HOTO HOBOTO BUMA/IKY 3apaKCHHS
SARS-CoV ne 6yio 3apeectpoBano 3 2004 p.

2. Bipyc MERS-CoV (Middle East respiratory syndrome)
— cnanax sikoro nouascs B CayniBebkiii Apasii B 2012 p.
(npupoaHuii  pe3epByap Ka)kKaHH, TEepEeHOCHUKU
onHorop0Oi Bepomoan). MERS-CoV Oys 3Haiinenuit y 27
KpaiHax mepeBaxxHo Ha bimspkomy Cxoni ta B Kanani; B
€Bporri crocrepiramuicst ciopaandHi Bunaaku. OcTaHHIN
cnanax MERS crascs B I[liBgenniit Kopei B 2015 p., kyan
Bipyc OyB 3aBe3enuii 3 Kyselity (3 186 xBopux momepin
33 mopuan). Cranom Ha nuctonan 2019 p. MERS-CoV
cnpuunHuB 858 cmepreit 3 2494  nmaboparopHo
HiTBEpKEHUX BUMAIKIB (piBeHb cMepTHOCTI 33 %)

3. Bipyc SARS-CoV-2 (reHeTn4HO CXO0XHH 3 BipycoM
SARS-CoV) — Buknukae Covid-19 (id - infection disease);
Brepiue BusiBieHuid B rpyani 2019 p. B Kurai (npupoauunit
pe3epByap — kaxkaunu) [3,5-7].

BynoBa SARS-CoV-2. SARS-CoV-2 wmae
cepuuHy abo oBanbHY Qopmy miamerpom 80-140 HM; Ha
TIOBEPXHI PO3TAIIOBYIOTHCS IIEIUIOMEPH, KOXKEH 3 SKHX
cknagaeTbest 3 S (Spikes — mmm) riikompoTeiHiB, sKi
po3nisieHi Ha TpH YacTuHH: S1 B3aeMoJli€ 3 pelenTopoM
KIiTHHA-MimeHi, S2 i S3 3amyckaroTh Tpomec 3IUTTS
BipycHOi i1 kiiTmHHOI MeMOpanHu. OCHOBHI CTPYKTYpHIi
6inkn SARS-CoV-2: ummmnosi (S), o6ononkosi (E),
memOpanHi (M) ta HykieokarmcumaHi (N) Oinku (puc.l).
VYcepeauni  BipioHa ~ PO3TAlIOBaHWN  CHipaJbHHUHA
HyKJIeoKarcua, mo ¢opmyeTbes 3 N Oilka B KOMITIEKCI 3
OJTHOJIAHIIOT0BOFO JTiHIHHOI0 PHK (+) moBXHHOIO 6JIH3EK0
30 kb, ckmameHoi 3 5 'TepMiHAIBHOI KeN-CTPYKTYypH Ta
3'momA xBocty [8].
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I'enom SARS-CoV-2 (puc. 2) mae npubnmzno 96 % noxibHOCTI 10 TeHOMY KOpoHaBipycy kaxaHa RaTG13, 82 %
imerrnanocti 3 SARS-CoV 12 50 % - 3 MERS-CoV [5, 6, 9].
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Puc. 2. Kapra renomy Bipycy SARS-CoV-2

AKTyanbHicTh podotn -
CEPOCIIOCTEPEKCHHST K C(QEeKTHBHUN MAXiA IS
BUSIBIICHHSI ~CIIPUHHATIMBUX Ta 3aXHUINEHHUX  Bif
COVID-19 rpyn HACEJICHHS. JocimxeHHs
ocobmmBOCTEW crienudiyHOi IMyHHOI BIONOBImI Ha
SARS-CoV-2 Ta (hopMyBaHHS KOJEKTHBHOTO 3aXUCTY
B PI3HHMX TPyMax MUTSIYOTO Ta IOPOCIOr0 HACEIICHHS
OyJs0 TpOBEICHE B MEPiOA PO3TOPTAHHSA MHaHASMIl
COVID-19, 3HauyHOrO HaBaHTAXKEHHS HAa CHCTEMY
OXOPOHH 3JI0POB’S Ta TPUBAINX KapaHTUHHUX
00OMEXKEHb.

VY 3B’s3Ky 3 gedinuroMm yacy Ta iHpopmamii
JIIarHOCTUYHI CHCTEMH ISl OUTyKy aHTHreHiB SARS-
CoV-2 i aHTUTLI 10 HBOTO CTAJH JTOCTYITHUMH JIUIIIC B
kBiTHI-TpaBHi 2020 poky. Ilicias mporo ceposoriuni
JIOCIIJIKCHHST HAassBHOCTi CHEIM(IYHIX CHPOBATKOBHX
IgM, IgA Ta IgG 3a maHor Temor0 Oyin po3moyard i
MepIM TO3WTHBHI pe3ynpTatd Oynn oTpuMaHi 22
TpaBHs 2020 poky.
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BusHaueHHs aHTWTII Ma€ 3HAYEHHS SIK IS
JarHOCTUKH TOCTPOTo iH(EKmiiHOTO mporecy, Tak 1 uis
PETPOCTIEKTHBHOI 1HIMKaLii 3yCTpidi OpraHi3My JIIOAWHHU 3
SARS-CoV-2. 3a nepiox JOCIHIIKEHHS CTAIO BiJIOMO, IO
10 80 % ocib, ki iH(pikoBaHi (TIEpeBaXXHO 0COON AUTIIOTO
Ta MOJIOZIOTO BIKY) MIEPEHOCSTh COVID-19
0€3CMMIITOMHO, XO4a TeM HEe MEHII BOHU (POPMYIOTh
crnenuiyHuil iIMyHHHAN 3aXUCT. YacTka KUTEIIB, sKa Ma€e
crienudivni iMyHOrI100y 1iHY B BigHomeHnHi SARS-CoV-2,
AK B YKpaiHi y HiJIOMy, TaK i B OKpeMux ii perioHax, Hapasi
HeBiJloMa. Y YacTHHM OCI0 BHSBIAIOTHCS TIJIBKH OKpeMi
KJIaCH aHTHUTIN, SKi 1HOMI BUSBISIIOTHCS B OLIbIN ITi3HI
TepMmian. Ha paHMii 9ac TakoX JOCTOBIPHO HEBIZIOMO
HaCKUJIbKHM JIOBro 30epiraloThCs pi3Hi KJIacu aHTHTLI 10
SARS-CoV-2, Ta uu 3aneXuTh 1€ BiJl POPMH Ta TSKKOCTI
nepebiry 3axBoproBanHs [1-4, 10]. Tomy BHBYEHHS
0ocobnMBOCTE IMYHHOI BIANOBIAI [TyKe BaXTUBE IS
pOo3poOKM Ta KOperyBaHHS JiKyBaJbHOI TaKTHUKH. Takox
MO>KJIMBI HACITIIKK MaHeMil, a came ii TpuBajicTh, po3Mip
JIIOJICBKUX Ta EKOHOMIYHHMX BTparT M€ [0 KiHIS He
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BH3HAUYEHI 1 JOCHimkeHHsS (POpPMYyBaHHA KOJEKTHBHOTO
3aXHCTy TpaloTh [TyXE BAXIUBY pOJb B aHANIZY
aKTyaJbHOI CUTYAIlil Ta MPOTHO3YBaHHI MaltOyTHIX 3MiH.
IMokasnukm  crnenupigyHOr0  T'yMOpalbHOTO
iMmyHHoro 3axucty npotd SARS-CoV-2 y HaceneHHs
Vkpainm Ta (QOpMyBaHHS KOJEKTHBHOIO  3aXHCTY
HeoOXiJiHe Ay pO3pOOJICHHS CTpaTerii Ta CXeM IIEeTIeHHS
npotu SARS-CoV-2 npu npoBeaeHHI MacoBOi BaKIIMHALIT
B KpaiHi. Takox BUSBJICHHS aHTHUTLI y OKpeMHX oci0 3
TPyl PU3UKIB € NPHUHIMIIOBOIO YMOBOIO IS HPUHHATTS
PIIICHHS PO HEOOXiAHICTh MPOBEICHHS 1X METUICHHSI.
Mema po6omu — MOHITOPUHT CTaHy KOJICKTHBHOTO
imyHiTeTy Tpotd SARS-COV-2 misg OLIHKKA pPO3BUTKY

eMiJIEMIONIOTIYHO  CHTyallii Ta  ONTHMI3aIlii  cTparerii
niepcoHi(ikarlii merieHs.
Martepiayum i MmeToan

HocmipkenHass  Oyyno  mpoBemeHO Ha  0asi

nabopatopii imyHopeao6imitonorii JY «IMI HAMH».
CraH cuCTeMH BHMIPIOBaHb JlabopaTopil BimOBiAaEe
BuMoram JICTVY ISO 10012: 2005 «Cucremu kepyBaHHS
BUMIpIOBaHHAMH. BUMOTH 110 mpolieciB BUMIpIOBaHHS Ta
BUMIPIOBAJIbHOTO 00TaTHAHHS» 32 PE3YIbTaTaMHy ayIUTY B
YkpalHCBKiil cCHCTeMi JOOPOBLIFHOTO OIIHIOBAHHS CTaHY
BUMiproBaHb. CBiONTBO TPO BINMOBITHICTE CHCTEMH
BuMiproBasb BuMoraMm JICTY ISO 10012: 2005 3a Ne 01-
0030/2019 unHHE TPU POKH 3 MOMEHTY peecTpallii, BUIaHO
18 Oepesnst 2019 p. AIl «XapkiBCbKUil perioHaTbHUN
HayKOBO-BUPOOHHYHH LIEHTP CTaHIapTH3alil, METPOJIOTil
Ta ceprudikarii».

[pu npoBeCHHI TOCTIIKCHHS 3a TIePio]] TPaBEHb
— mucronan 2020 poky OyJ0 OTPHUMAaHO CHPOBATKH Bif
10453 oci6, B Tomy umcni 958 miteir. Pammomizarmisa ta
KUTBKICTP ~ YYaCHHWKIB  rapaHTyBaja OIHOpiIHE Ta
perpe3eHTaTUBHE  NPEACTABICHHS  PI3HUX  BIKOBHX
kareropiit: 0-6 pokiB — 98 mireit, 6—8 pokis — 310 ocib, 9 —
16 pokiB — 674 ocib, 16 — 24 pokiB — 1154 oci0, 25 — 44
pokiB — 2786 oci0, 45 — 60 pokis — 3950 ocib, 60 — 75 pokis
— 1481 oci6. [docnimkeHHs OyayBalioch Ha BUIAIKOBIi
BUOIpI momysiii XapKiBIHHH.

3pa3ku KpoBi Oynu BimiOpaHi B ydYacHHKIB
JOCHIJDKEHHSl ~ HaTIeceple, OTpUMaHa  CHUpOBaTKa
30epiranacst npu Temneparypi -20 °C. Tectu Oyim
BUKOHAHI Ha aBTOMAaTH30BAHOMY IMYHOJIOTIYHOMY
anamizaropi LisaScan EM (Erba Lachema, Yexis). Vci
JIOCTIKCHHS OyJIM BUKOHAHI y TyOJsIX 3371 3MEHIICHHS
MOXJTBOT TOMHUJIKH.

Hns  BusBieHHA crnenupiqvaux npoTu-SARS-
CoV-2 imyHor;noOymiHiB Oyno 3acTOCOBAaHO METO[
imyHOepmenTHoro aHamizy (IPA). YV gocmimkenni Oymu
BUKOPUCTAaHI  JIaTHOCTHYHI  HA0OPH  BITYMU3HSHOTO
BupoOHuNTBa TOB « XEMAY Ta «k EQUI» (KuiB, Ykpaina):
«antu-SARS-CoV-2-I0A» Habip peareHTIB [uist
iIMyHO(EpMEHTHOTO BUSBJICHHS 3arajJbHUX aHTUTLI IPOTH
antureHiB kopoHasipycy SARS-CoV-2 B cupoarui
(ma3mi) KpoBi;
«SARS-CoV-2-IgA-IdA»  Habip peareHTiB Ui
iMyHO(EepMEHTHOTO BHsBIEHHA [gA aHTHTIN TpOTH
antureHiB kopoHasipycy SARS-CoV-2 B cupoarui
(mma3mi) KpoBi;
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«SARS-CoV-2-1gM-I®A» wHabip pearcHTIB s
iMyHO(pEepMEHTHOTO BHUSBICHHS I[gM aHTHTIT TpoTH
agTureHiB  kopoHaBipycy SARS-CoV-2 B cuposarmi
(ma3mi) KpoBi;

«SARS-CoV-2-1gG-IdA»  Habip peareHTiB s
iMmyHo(epmenTHOoro BusiBieHHs 1gG  aHTHTIT TpOTH
anTureHiB kopoHasipycy SARS-CoV-2 B cupoarui
(ma3mi) KpoBi;

«EQUI» SARS-CoV-2 IgM swift [®A-Habip mus
SIKICHOTO BHUSIBIICHHS

aHTHTIN KIacy IgM 1o HyKIeoKarcHIHOTO Ta
“IINIIOBOTO” aHTUTCHIB

Bipycy SARS-CoV-2;

«EQUI» SARS-CoV-2 19gG swift IDA-pabip mns
SIKICHOT'O BHSIBJICHHS

aHTUTIN Kiacy 1gG o HykneokancuaHoro ta
“IIMITOBOTO” aHTUTCHIB

Bipycy SARS-CoV-2;

3riilHO0 3 peKOMEeHJallisiIMH BHUPOOHUKA pIiBEHb
antu-SARS-CoV-2 (nani 3aranbhi antutina), SARS-CoV-
2-IgA, SARS-CoV-2-IgM, SARS-CoV-2-1gG 3a inmexcoMm
mo3utuBHOCcTi (II1) iHTepmperyetrbes mpu IIT > 1,1 s
nmo3utuBHUH, mipu 111 < 0,9 sk HeraTUBHUH 1 IpH 3HAYCHHI
IIT B mexax Big 0,91 mo 1,09 pe3ymbraT BBaKa€eThCA
HEBU3HAYECHNM/CYMHIBHUM 1 PO3TIIIA€ThCA K MTOKa3HHUK,
BHPOOJICHHS CHENU(IYHAX AHTHUTLT HIXKYE TOCTOBIPHO
NO3UTHBHOTO PIBHS, ajie BUILE JOCTOBIPHO HETaTHBHOTO
pe3ynpTary. BupoOHHMK m03BONIsiE€ J1aboparopii, IO
BUKOHYE JIOCIIJDKCHHS IHTEpIPETYBaTH IOKa3HUKH, IO
3HAXOJATHCS Y MEXax JAHOTO HEBH3HAUEHOTO iHTEPBAJLy
3HaueHb. Y HaIIOMYy JOCHI/)KEHHI MU BpaxOBYBaJld
pe3ynmsTaté 0ci0, y sAKkuX OyJio BHSBICHO CYMHIBHUH
piBenp cnemupivanx g0 SARS-CoV-2 antHTIn TIpH
IBOKpAaTHOMY  MATBEPKEHHI  pe3ynsTaty  Ta/abo
T ATBEPAKEHH] TO3UTUBHOTO PE3yJIbTATy NPH BU3HAYCHHI
IHIINX KJIaciB iIMyHOTJIOOYITiHIB.

CratuctudHy OOpOOKYy OTpHMaHHX pPE3yJbTaTiB
NpOBOJIMIH 3 BUKOpHcTaHHsAM Microsoft Excel 2007 i fioro
JI0IaTKOBOTO KOMITOHEHTY «Ilaker aHaNIZY».
CraructiuuHa 06poOKa OTPUMaHMX JaHUX BUKOHYBajacs 3
BUKOPHCTAHHSIM METO/IiB HEMapaMeTPUYHOT CTATUCTHKH 32
JIOTIOMOTOI0 TIAKETY CTaTHCTUYHHX Tporpam AtteStat
12.0.5, inTerpoBanHoi B Microsoft Excel 2013. 95 %
noBipdi iHTepsamu ([I) Oymu po3paxoBani OiHOMiaTbHIM
MetogoM Kitoniepa-Ilipcona.

Pe3yabTaTi T2 00roBOpeHHs

Y Mexax HayKOBO-IOCITIJHOI TeMH 3a Tepiox 3
TpaBHs g0 Juctomaga 2020 poky Oyno TpOBEACHO
IOCITIIKEHHS o BU3HAYEHHIO crieruQiTHnX
iMmyHornoOyuniHiB nmpot SARS-COV-2 y MemikaHiisB M.
XapkoBa Ta XapkiBcekoi obusacti. 3aramom Oyio
obctexeno 10453 ocobu. JlocmimkeHHS TPOBOAUIOCH HA
6a3i 1Y «IMI HAMH» ta Menuunoro meHtpy «Your
baby/Your family/Your laby.
Cman cneyughiunoeo imynimemy npomu SARS-CoV-2 y
PI3HUX 8IKOGUX 2pynax HacenenHs M. Xapkosa ma
Xapxiscokol obnacmi

Cneundiuni anrurina npotu SARS-CoV-2 6yno
BusiBJIeHO y 2958 memkanuiB XapkoBa Ta XapKiBCbKOT
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o0utacri, 110 CTaHOBHJIO 28,3%+0,065 JTaHoi
paHIOMIi30BaHOi BHOIpKH. Y dYacTHHH OOCTEKEHHX

omHO4YacHO Oyno BHUSBICHO xABa abo TpU KiIacu
IMYHOTJIOOYJIIHIB: y OLIBIIOCTI MapajenbHO BHSBIISIIHCS
19G Ta IgA —y 568 nronei, mo craHoBuTh 19,2%+0,032 i3
TPy CEepONO3UTUBHUX 0cib. OnHovacHO HasBHICTH 19G
ta IgM Bigmiueno y 253 oci6 (8,55%+0,027), ognouyacHo
HasBHicTh IgA Ta IgM 3ycTpivanack BKpaii piako (nuiie y

M BuasneHi cneuundiyHi aHTuTiNa npot SARS-CoV-2

® He BuaBneHi cneyundiuHi aHtutiNg npotu SARS-CoV-2

24

16 obcrexeHnx 0,54%+0,012). Vci Tpu THOH
crnemmdivanx iMmyHormoOymiHiB: IgA, IgM Tta IgG Oymo
BusiBieHO y 89 obOcrexennx (3%+0,01). ¥V inmmx ocib
BUSIBIISIBCS JIMIIIE OJIMH 3 KJIACiB iMyHODIOOYMiHIB — 2032
obcrexxennx  (68,71%+0,045), cepem skux: IgA

BusiBsacst 'y 62 oci6 (2,1%+0,01), IgM — y 216
(7,3%+0,023), 1gG — y 1752 obcrexennx (59,3%+0,012)
(puc. 3).

mIgG

migG +IgA

migG +1gM
mIgA +1gM
HIgA +1gM + IgG
HIgA

mIgM

Puc. 3. Yacrora (%) BusiBiennsi cnenudiunux antutisyi nporn SARS-CoV-2 y Bunaakosiii Buéipui Meumkanmis

M. XapkoBa Ta XapkiBcbKoi o0J1acTi

BiAmoBinHO pO3BUTKY emineMiyHOl cuTyamii B
XapkiBchkoi obmacti (puc. 4) TPOTIATOM TEpiomy
JNOCTI[UKCHHST ~ 3MIHIOBaBCS  BIJICOTOK  IMO3UTHBHUX
pe3ynbTaTiB TecTiB (puc. 5). Y MOpiBHAHHI 3 0QimiifHOO

cTaTUcTHKOIO 3a nannMu MO3Y B XapKiBCbKoi 00J1acTi 3a
e mepiof, MOXHA NPUIYCTUTH, L0 B oQiuidHy
CTaTHCTUKY TONajae JHIIEe KOXHa Jecsita ocoda
iHdixoBana SARS-CoV-2.

KinbkicTe HoBux iHpikoBaHux Sars-CoV-2 y Xapkiscbkoi o6nacti, MO3Y

18052 18522

i 1086 1617
|

9790 9950
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Puc. 4. KiabkicTs HoBuX iHdikoBanux SARS-CoV-2 y XapkiBchkiii 001acTi B mepioa kBiTeHb-rpyaens 2020

poky, nani MO3Y.
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BigcoToK obcTemeHMX, WO ManM aHTuTina go Sars-Cov-2
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TpaseHs YepeeHb NuneHe

Cepnexb
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BepeceHs HoeTeHe Nucronag

Puc. 5. Bincorok odcTe:xxennx, mo Mmaau anturiia 10 SARS-CoV-2 B nepioa TpaBens-aucronan 2020 poky

Takoxx OyB TpoBeleHUIl aHami3 3MiHH YacTOTH
BUSBJICHHS PI3HHUX KJIACIB QHTUTLI MPOTATOM 6 MICAIIB 3
yepBHA no swmctomax 2020 p. JwHamika BUSBICHHS
IMyHOTJIOOYMiHIB  Kiacy G: TMOYMHAIOYM 3  CEpHHA
BITHOCHMH NMOKa3HUK nepeBuinyBas 30 %, B OBTHI OyB
3adikcoBaHMII MaKCUMalbHHI Bigcotok — 39,2 %.
MaxkcuManbHHN BiICOTOK IMyHOTJIOOYITiHIB Kiiacy M Oyiio
BusiBIIeHO Y >koBTHI (30,2 %), 1m0 3a yacoMm BiANOBigae
nepiony MaKCHMaJIbHOTO 3pOCTaHHs piBHS
3aXBOPIOBAHOCTI B XapKiBchbkoMy perioHi y 2020 porii.
Cxoxa KapTuHa OyJia MpH AOCIIPKEHHI IMyHOTJIOOYITiHIB

45,00%
40,00%
35,00%
30,00%
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20,00%
15,00%

10,00%

BIACOTOK NO3UTUBHUX PE3Y/IbTATIB

5,00%

0,00%

Nnnenb
14,20%
7,80%
24,40%

YepBeHb
10,80%
6,20%
15,80%

CepneHb
18,60%
12,40%
32,80%

—IgA
1gG

knacy A — 24,6% MO3UTHUBHUX PE3yJIBTATIB B BEPECHI Ta
JKOBTHI.

B mucromami Ha Tl 3poCTaHHS eMiIeMidHOI
AaKTUBHOCTI B 00J1acTi OyII0 BUABIICHE BiTHOCHE 3HIKCHHS
3Haxigok IgA ta IgM, npu oMy BincoTok BusBieHHS [gG
3aJIMIIMBCS Ha PiBHI BepecHs-KOBTHs (puc. 6). Ha nam
MOTJIsi/I, 116 MOXKe OyTH IOB’S3aHO 3 THUM, LIO 3HAa4yHa
KUTBKICTh OCi0, 110 MPOXOMMIN TECTYBaHHS B JIMCTOIAII,
Oyuna iHdiKOBaHa 3HAYHO paHilIe i TOMY IMyHOTJIOOYTiHU
KinaciB A Ta M, UMpKyJSisS SKUX KOPOTKOTpUBAJIA,
BUSIBJISUIMCS pijmie BigHOCHO IgG, TpuBaicTh HUPKYISLIT
SIKOTO 3HAYHO OiyibIa.

BepeceHb oBTeHb Jluctonag,
24,60% 24,60% 16,40%
18,20% 30,20% 26,20%
38,60% 39,20% 38,60%

Puc. 6. BincoTok no3uTHBHUX 3HAXIIOK OKpeMHUX KJIaciB imyHor00yaiHiB 10 SARS-CoV-2 B nepioa TpaBeHb-

gucronana 2020 poxy

ITpu mpoBeneHH1 OIliHKY HAsIBHOCTI CIeI(IIHUX
antutin 10 SARS-COV-2 3a BIKOBUMH KaTeropisiMu
HalOLTbIIa KITBKICTH OOCTe)XXeHHX Oyna cepen MoAen
MOJIO/IOTO Ta CEpeHBOro BIKY (3riJHO 3 Kiacudikalieo
BOO3). BusiBieHHs NO3UTHBHOTO DIBHS aHTHTUI y IUX
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BIKOBHX KaTETOPisAX TaKOX OyJia HAWBHIIOIO Y OPiBHIHHI
3 MOJIOJIIIOIO TPYIOIO Ta JFOABMH JIITHBOTO BiKYy (Tabu. 1).
TTosicHIOETHCA 11€ OIIbII AKTUBHUM COLIiaJIbHUM CIIOCOO0M
JKHUTTS 11i€i KaTeropii Jrofeil Ta, BIAMOBIIHO, OLTBIINMU
MOXJIMBOCTSMH Ui 1H(IKyBaHHS, OJHAaK TaKOX
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BOXJIMBUMH € OCOOJIMBOCTI iIMyHHOI CHCTEMH y IiTeH Ta
JIoIel MOXWIIOTO BiKy, IO Oe3mocepeHbO BIUIMBAE Ha
MPOLIEC YTBOPSHHS aHTHTLIL.

Tadanus 1. OcodanBocti popmyBanus cnenupiynoi rymopansnoi imynHoi Bignosiai mporn SARS-CoV-2 y

Pi3HHX BiKOBHX rpynax

Kinacu IgA
iMmyHorn00yiHiB 0. THO3HTHBHIX n
Bix cepell BIKOBOI rpymH
0-16 50 5,2% £ 0,01 119
17-24 145  17,7% +0,035 265
25-44 282  30,3% + 0,025 290
45-59 273  28,2% + 0,024 275
60-74 214 14,9% + 0,053 216
Ycnoro 964  27,9%* £ 0,04 1165
MO3UTUBHHUX
Ycworo 3445
00CTEeKEHNX

IigM 1gG
%, O3UTHBHUX n %, TO3UTUBHHUX
ceper BiKoBO1 cepen BiKoBOi
rpynu rpymnu
10,2% + 0,014 386 22.2% + 0,041
16,6% + 0,027 634  36,9% + 0,047
19,1% £ 0,046 852  35,6% + 0,028
20,0% + 0,048 747  34,8% + 0,037
12,7% £ 0,039 556 28.7% + 0,048
14,1%* £ 0,05 3175  32,3%* + 0,04
8263 9830

N — KinbKicmb 06CmedNceHUx; * 8i0COMOK NOZUMUGHUX Pe3YIbmamie 6I0 3a2albHOI KIIbKOCII 00CMeNCeHUx Ha OaHUll

Knac imynoenooyninie SE, p < 0,05

[Tpu mpoBesneHHI NOCHiIKeHHsT Oynia BinMmiueHa
3aJIeKHICTh AHTHTUIOYTBOPEHHS BiJl BiKy: HaWBHIIHIA
piBeHb crieru(iYHUX IMYHOTJIOOYJIHIB BU3HAYAETHCS Y
BiKOBHUX Tpymax Bix 17 no 59 pokis (tabn. 1). Jma IgA —
HaOUTBIIa  KUTBKICTh ~ TO3UTHBHUX  PE3YJbTaTiB
BiMidaeThCs y Tpymi 25-44 poku 1y rpymax 45-59 pokis,
a BITHOCHO MeHIIa y rpymnax 17-24 1 60-74 pokiB Ta y mitei
mo 16 pokiB (p < 0,05). IgM maitvacTimre BUABISUTACS Y
obctexxennx 45-59 ta 25-44 pokiB, TOmi fAK y iHIIHX
BikoBux rpymax (17-24, 60-74 i 0-16 pokiB) mMOKa3HHKH
6ymu gocroipHo Mmenmni (p < 0,05). 1gG BusiBmsuHCS
iCTOTHO YacTiie y obcTexeHnux Bikom 17-59 pokis (34,8-
36,9 %), a pimme y miteii (22,2 %; p < 0,05).

IIpuBeprae nmo cebe ymary (akt mnepeBakHOI
OJTHOYACHOI HasBHOCTI y cupoBaTii Kposi IgA ta IgG mo
SARS-CoV-2y 19,2% obcrexeHux, o OLTbIIe HIX Yy 1Ba
pas3u (2,25) vacrime HiXK OJHOYAacHE BHSBICHHSA [gM Ta
19G (8,55%+0,027), a komOiHallist 0OJHOYACHOI HasIBHOCTI
IgA ta IgM 6e3 npucytrocrti IgG Oyna BusiBineHa y 0,54%
obOctexxeHnx. OmHOYACHAa HASBHICTH Y CHPOBATI KPOBI
BCIX TphOX KiaciB imyHornoOyminie (IgA, IgM Ta IgG)
Bigmivanace y 3%+0,01 BumaakiB. Takum YHHOM,
MIATPUMKA OJHOYACHOTO BHPOOJEHHS aHTHUTUI, WIO0
BIJIMIOBIZIAIOTh 3@ IMYHOJIOTIYHY MaMm’sITh Ta aHTHUTLI
MOB’S3aHUX 13 3allaJICHHAM Ha CIM30BUX OOOJOHKAax
nmepeBaxkana i med (axt moTpebye OB peTETHFHOrO
BUBUCHHSI.

BucHoBkH

Jdnst  BuBUeHHS (OPMYBaHHS KOJEKTUBHOTO
3aXHCTy B PI3HUX TIpynax JUTS4OTO Ta JIOPOCIOTro
HacesleHHd 10 SARS-CoV-2  HeoOxigHO npoBecTH
JOCTIDKEHHS ~ ocoOnmuBocTed  cnenu¢igHoi  iIMyHHOI
BIZIMIOBii, III0 B CBOIO YEPTry JO3BOJIIE€ BU3HAUUTH TPYNH
PHU3HKY, SKi MOTPeOyIOTh MEPIIOYeproBOi BaKIWHAIII. Y
3B’S3Ky 3 Je(iIUTOM BaKIMHHHX IPENapariB, MOXIINBO
MPUIMYCTUTH, IO IIBHUAKOTO HACHYECHHS MOTPed OXOPOHH
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3/10pOB’S YKpaiHCHKOTO HaceJieHHA He Oyne, ToMy BKpait
HEOOXi/JHO B IIEPIILY YepTry BUSBUTHU Ta 3aXUCTUTH BPa3JINUBi
KaTeropii oci0, 110 JOMOMOXKE 30eperTd IKHUTTS Ta
37I0pOB’s OaraTboX JIOJEH 1 BiApErysoBaTH BUTPATH Ha
Mean4He (iHAaHCYBaHHS.

Ha croronHi 10cTOBipHO HE BiIOMO, TPHBAIICTB 1
SIKICTB, SIK TTOCTiH(EKIIHHOTO, TaK 1 MOCTBAKIIMHAIHHOTO
imyHiTery. OmiHKa BIDIMBY MEPiOANIHAX MyTalild caMoro
30yQHMKa, TakoX € BaKIMBOIO U1 TPOTHO3Y
e(eKTUBHOCTI 3aXMCTy. Y HAIIOMY JOCHIKeHHI Oynu
OTpUMaHI JaHHI, Ki € OJHMM i3 HEpIIUX KPOKIB 0
po3yMiHHS iH(]eKIiffHOro mpolecy Ta OLIHKH IMyHHOT
peaxiiii mroaunu Ha SARS-CoV-2.

3rifiHO 3 OTPUMaHUMH JJAHUMH BCTAHOBJICHO, 110
y 28,3 % oci0 i3 BUMAgKOBOi BHOIPKH MEUIKAHIIIB
XapKiBIIUHY, SKAX OYJI0 OOCTEKEHO MPOTATOM YEpPBHS-
mucromana 2020 poky, BUSBICHO crienudivHi aHTUTINIA 10
SARS-CoV-2. Pazom 3 XapakTepHHM CE30HHUM
3pocTaHHAM 3axBoproBaHocti Ha [Pl 3pocramm i
MMOKA3HUKHM CIeMU(igHol IMyHHOI BIONOBIZi, B YCIX
BIKOBHX TIpynax 3pOCTaHHs Bif0yBaocs IapaieibHo,
OMHAK OyjM 3MIiHHM 3TiIHO BIKOBHX OCOOJHBOCTCH: Y
JFOJIE MOJIOZIOTO Ta CEePeHBOro BiKy Oy OLIbII piBHI
NOKAa3HUKM BHUSBJICHHSA Ta OUIBII 3HA4YHE 3POCTAHHSA
cnenniyHrX iMyHOTIIOOYMiHIB. [lepeBakHO OTHOYACHO
BusBsuncs IgA ta IgG y 19,2%, mo Oinbine HixX y ABa
pasu (2,25) yacrimie HDK ojHOYacHe BHUsABIECHHS IgM Ta
IgG, sxe Bigmivanocs smme y 8,55 %. OpHouacHO
HasiBHOCTH IgA Ta IgM ©0e3 mpucytHocti IgG Oyio
BusiiieHo y 0,54 %, a oJHOYacHa HasBHICTH BCIX TPHOX
KJIaciB iMyHOTJ100YJI1iHIB — y 3 % BHUIIaJKIB.

MOHITOpPHHT CTaHy KOJIEKTHBHOTO CHEnU(idHOTO
imyHnitrery mnpotn SARS-COV-2 Ta iforo amHamiku
MPOTSrOM 6 MICSINB AOCIIPKEHb MOoKa3aau, mo y 93,5%
oci6 sxi Oymm iH¢ikoBaHi (opmyeTscsi crTabinpHa
TyMOpaJsibHa BiIOBIs CTPOKOM He MeHIIe 3 micsmiB. Mu
MIPUITyCKAEMO, IO MPOTEKTUBHUI piBEHb KOHIIEHTpAIii
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aHTHUTUI OyJie MiITPUMYBATUCS ICTOTHO NTOBIIE, OJHAK I1e
notpedye MONAIBIINX AOCHIIKEHb. Buxonmsum 3 BuUIe
O3HadeHoro, Oyzae po3poOIeHO Ta PEKOMEHIOBaHO
nepcoHiikoBaHy HalliOHAJIBHY CTpaTerilo BaKLIWHALIT
npotu SARS-CoV-2. BpaxoBytoun Te, 1m0 Hapasi
HEBIJIOMi TPHUBAJICTh Ta MIIHICTh MOCTBAKIIMHAIBLHOTO
3aXHCTY, BBXKAEMO 32 JIOLUIbHE PEKOMEHIYBaTH Iepen
BaKIMHAIIIEI0 OOCTe)KYyBaTH Ha HASBHICTH crenudiuyHOi
rymopanbHoi Bifmosiai 70 SARS-CoV-2 rpyn pusuky ta
BaKIMHYBaTH B IEPIIy Yepry THUX Oci0, sKi HEe MaioTh
AHTHTIIL.

JocmimkeHHs MMOKAa3HUKIB cnenn(iqHOTO
TYMOpANBHOTO IMYHHOTO 3aXHCTy Ta (OpPMYBaHHI
KOJIEKTUBHOTO 3axucTy npotu SARS-CoV-2 y HaceneHHS
Ykpaiau € HeoOXiTHUMH U PO3POOJICHHS PalliOHATBHOT
cTparerii INEMJICHHS JUIs MiABUIIEHHS e(eKTHBHOCTI
MacoBol BakmMHAIl. TakoXX BHUSIBJICHHS aHTUTIT Y
OKPEMHUX OCi0 3 TPYIT PU3HKY € MIPUHITUIIOBOIO YMOBOIO ISt
NPUIHATTS pIIIEHHS 0pO TPOBEJCHHS WLICIUICHHS 3
ypaxyBaHHSM  CTaHy  3/I0pOB’S  Ta  HasBHOCTI
MPOTHITOKAa3aHb Y KOYKHOMY OKPEMOMY BHMIAJIKY .

Features of the formation of immune layers of the
population to SARS-CoV-2 in the Kharkov region for
the period May-November 2020. Vaccination
strategies.

Volyansky A. Yu., Davidova T.V., Kuchma M.V.,
Yudin I. P., Kuchma l. Yu.

Introduction. The variability of infectious diseases leads
to the fact that people are repeatedly exposed to new
diseases that can pose a significant threat to life and
health, put significant pressure on health care systems and
affect the economic situation in the world. Imperfect
methods of specific prevention and treatment at the
present stage can not affect the spread of infection and
localize the epidemic process. Today, the most relevant is
the latest outbreak of coronavirus infection, which began
in December 2019 in Wuhan (China) where a new
pathogenic coronavirus SARS-CoV-2 was first detected.
Relevance of the work - serological monitoring as an
effective approach to identify susceptible and protected
from COVID-19 population groups. Research of the
specific immune response to SARS-CoV-2 and the
formation of collective protection in different groups of
children and adults was conducted during the
development of the COVID-19 pandemic, a significant
burden on the health care system and long-term
quarantine restrictions. Determination of antibodies is
important for the diagnosis of acute infectious process,
and for retrospective indication of the encounter of the
human body with SARS-CoV-2. During the research
period it was reported that 80% of infected persons
(mostly individual children and young adults) carry
COVID-19 asymptomatic, although they form the specific
immune response. Some patients have certain classes of
antibodies, sometimes antibodies are detected later than
usual. It is currently unknown how long different classes
of antibodies to SARS-CoV-2 persist, and whether this
depends on the form and severity of the disease. That is
why the study of the immune response is very important
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for the development and adjustment of treatment tactics.
Also, the possible consequences of a pandemic, namely
its duration, the amount of human and economic losses
have not yet been fully determined, and studies of the
formation of collective defense play a very important role
in analyzing the current situation and forecasting future
changes. Purpose of work - monitoring of collective
immunity against SARS-CoV-2 for prediction of the
epidemiological situation, the development of preventive
measures and optimization strategies personalization
vaccinations. Material & methods. Research was
conducted on the basis of the laboratory of
immunorehabilitation of the State Institution "IMI
NAMS". During research for the period may - November
2020, blood samples were analyzed from 10,453 people,
including 958 children. The study is based on a random
sample of the population of Kharkiv region. For detection
of specific anti-SARS-CoV-2 immunoglobulins was used
enzyme-linked immunosorbent assay (ELISA).
Diagnostic kits manufactured by HEMA and EQUI LLC
(Kyiv, Ukraine) were used in the study. Results &
discussion. Specific antibodies against SARS-CoV-2
were detected in 2958 residents of Kharkiv and Kharkiv
region, which was 28.3% of this random sampling. In
some persons, two or three classes of immunoglobulins
were detected: 1gG and IgA were detected in parallel in
the majority - in 568 people (19.2%), the presence of 1gG
and IgM was observed in 253 people (8.55%), presence of
IgA and IgM (0.54%). All three types of specific
immunoglobulins: 1gA, IgM and IgG were detected in 89
subjects (3%). In other individuals, only one of the classes
of immunoglobulins was detected - 2,032 subjects
(68.71%), among which: IgA was detected in 62
individuals (2.1%), IgM - in 216 (7.3%), 1gG - in 1,752
subjects (59.3%). Dynamics of 1gG detection: since
august it was a positive result in 30% of samples, in
October the maximum percentage was recorded - 39.2%.
The maximum percentage of the IgM class was detected
in October (30.2%), which corresponds to the period of
maximum increase in the incidence of SARS-CoV-2 virus
in Kharkiv region in 2020. A similar pattern was the study
of IgA - 24.6% positive results in September and October.
The study also revealed the dependence of antibody
production on age: the highest level of specific
immunoglobulins is determined in the age groups from 17
to 59 years. For IgA - the maximum number of positive
results is observed in the group of 25-44 years (30.3%)
and group of 45-59 years (28.2%). IgM was most often
found in the age groups 45-59 years (20%) and 25-44
years (19.1%). In other age groups: 17-24 years (16.6%),
60-74 years (12.7%), 0-16 years (10.2%). 1gG was
detected in patients aged 17-59 years in 34.8-36.9%, in
people aged 60-74 years - 28.7%, in children - 22.2%.
Conclusion. To study the formation of collective
protection in different groups of children and adults to
SARS-CoV-2 it is necessary to research the specific
immune response, which in turn allows identifying risk
groups that need priority vaccination. Due to the shortage
of vaccines, it can be assumed that there will be no rapid
saturation of the health needs of the Ukrainian population,
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so it is essential to first identify and protect vulnerable
groups, which will help save the lives and health of many
medical financing costs. The duration and quality of both
post-infection and post-vaccination immunity are
unknown. Assessing the effect of periodic mutations on
the pathogen itself is also important for predicting the
effectiveness of protection. Our study obtained data that
are one of the first steps to understanding the infectious
process and assessing the human immune response to
SARS-CoV-2. According to the obtained data, it was
established that more than 28.3% of the random sample of
Kharkiv residents surveyed during June-November 2020
showed specific antibodies to SARS-CoV-2. Along with
the characteristic seasonal increase in the incidence of
GRI, the specific immune response increased, in all age
groups the growth occurred in parallel, but there were
changes according to age: young and middle-aged people
had more equal detection rates and more significant
growth of specific immunoglobulins. IgA and 1gG were
mainly detected simultaneously in 19.2%, which is more
than twice (2.25) more often than the simultaneous
detection of IgM and 1gG, which was observed in only
8.55%. The simultaneous presence of IgA and IgM
without the presence of 1gG was detected in 0.54%, and
the simultaneous presence of all three classes of
immunoglobulins - in 3% of cases. Monitoring of the state
of collective specific immunity against SARS-CoV-2 and
its dynamics during 6 months of research showed that
93.5% of infected people form a stable humoral response
for a period of 3 months. We assume that the protective
level of antibody concentration will be maintained longer,
but this requires further research. Based on the above, a
personalized national vaccination strategy against SARS-
CoV-2 will be developed and recommended. Given that
the duration and strength of post-vaccination protection
are currently unknown, we consider it advisable to test for
a specific humoral response to SARS-CoV-2 at risk
before vaccination and to vaccinate primarily those who
do not have antibodies. Studies of indicators of specific
humoral immune protection and the formation of
collective protection against SARS-CoV-2 in the
population of Ukraine are necessary to develop a rational
vaccination strategy and increase the effectiveness of
mass vaccination. Detection of antibodies in individuals at
risk is also a prerequisite for deciding on vaccination,
depending on the state of health and the presence of
contraindications in each case.

Keywords: immunity, population, SARS-CoV-2,
Kharkov region , May-November 2020, Vaccination
strategies.

References

1. Cui J.,, Li F., Shi Z-L. Origin and evolution of
pathogenic coronaviruses. Nat Rev Microbiol. 2019. 17.
181-192.

2. LiW., Zhang C., Sui J., Kuhn J.H. et al. Receptor and
viral determinants of SARS-coronavirus adaptation to
human ACE2. EMBO J. 2005. 24. 1634-1643.

3. Singhal T. A Review of Coronavirus Disease-2019
(COVID-19). Ind J Pediatr. 2020. 87. 4. 281-6.

DOI: 10.5281/zenodo.5499657

4, Wu Z., McGoogan J.M. Characteristics of and
Important Lessons From the Coronavirus Disease 2019
(COVID-19) Outbreak in China: Summary of a Report of
72 314 Cases From the Chinese Center for Disease Control
and Prevention 1 JAMA. 2020.
https://doi.org/10.1001/jama.2020.2648.

5. Wang D., Hu B., Hu C. et al. Clinical Characteristics of
138 Hospitalized Patients With 2019 Novel Coronavirus-
Infected Pneumonia in Wuhan, China. JAMA. 2020.
https://doi.org/10.1001/jama.2020.1585.

6. Malik Y.S., Sircar S., Bhat S. et al. Emerging novel
coronavirus (2019-nCoV) — current scenario, evolutionary
perspective based on genome analysis and recent
developments.Vet. Q. 2020. 40. 68-76.

7. Chen Y., Liu Q., Guo D. Emerging coronaviruses:
genome structure, replication, and pathogenesis. J. Med.
Virol. 2020. 92. 418-423.

8. Wu A., Peng Y.., Huang B. et al. Genome composition
and divergence of the novel coronavirus (2019-nCoV)
originating in China. Cell Host Microbe. 2020. 27. 325-
328.

9. Hanie Esakandari, Mohsen Nabi-Afjadi, Javad
Fakkari-Afjadi. et al. A comprehensive review of COVID-
19 characteristics. Biological Procedures Online. 2020. 22.
217-234.

10. Min C.K,, Cheon S., Ha N.Y. et al. Comparative and
kinetic analysis of viral shedding and immunological
responses in MERS patients representing a broad spectrum
of disease severity. Sci Rep. 2016. 6. 25359. doi:
10.1038/srep25359



