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Pe3rome

Koponasipycha x60poba 3anuaemscst OOHIEI0 3 HAUBANCUUX Y c8imi. Biocomok sadickux i iemanbHux 6unaokis ceped oimetl
Hudrcuull, Hidie y 0opocaux. Tpusae noutyk biomapkepis, sKi 6Ka3yI0Mb HA MAXCKICMb nepediey 3axeopiosants. € 0ani npo HAsA6HiCMb
2emeponociuHo20 iMyHimemy mixic 30YOHUKOM KOPOHABIPYCHOT iHghekyii ma desikumu tnuumu ingexyitimumu acenmamu. I Bordetella
pertussis, i SARS-CoV-2 npuzeodsams 00 ypasxcenna ouxanvroi cucmemu. Cnio 3a3Havumu, wo iHKyOayitnull nepioo i mexauizm
nepeoaui nOJIOHI 15t Yux 080X MIKpOOpeanizmis. Y oumsuomy 6iyi npoeoosimy wienieHHs NPOmu KAuioKy.

Mema docnioycennsa: 3’sacysamu ocoonuseocmi nepeoicy COVID-19 y dimeii 3an1excHo 610 cmaHy nocmeaKkyuHaibHO20
IMYHImemy npomu Kauiitoko8020 MOKCUHY, OYIHIOIOYU VY HUX PI6EHb 2YMOPATbHO20 IMYHIMemy npomu KauatoKd.

Mamepian ma memoou oocnioncenns. Oocmedxcerno 92 oumunu gikom 6i0 6 0o 17 pokie, 3 Hux 30 dimeil 6e3 03HaAK
3aXB0PHOBGAHHS CMAHOBUIU KOHMPOTbHY epyny, 62 oumunu 6ynu 3 npossamu aabopamopuo niomeepoxcenoco COVID-19.
Oyintosaecs KainiuHull nepebdie 3axe0piosants ma oesxi rabopamopti noxkaswuku (C-peakmusnuii 6irox (CPE), weuoxicmo
ocioanns epumpoyumie (LLIOE), kinekicme netikoyumis, /[-oumep), a makoic pieeHs 6iibHO20 KOPMUZOLY CIUHU Ma 6imaminy /1.
3a saickicmio nepebizy 3axeoprosants chopmosano 3 epynu: nepuia — 20 oimetl 3 neckum nepedicom COVID-19, opyea epyna —
33 nayiecumie 3 cepednbo-msdckum nepebicom 3axeopiosants, mpems — 9 i3 axckum nepedicom.

Yeim 0imsim nposedeno susnavenns piens imynoenooyniny G (Ig G) npomu Kauwnioko8oeo moxcumy Memooom iMyHO(pepMEeHmHo2o
ananizy (VIROTECH B. pertussis PT Ig G ELISA, Russelsheim, Germany). Pesynomam oyintoeascs sk negative (8iocymue
nioguwjennss mumpy cneyugiunux anmumin kiacy G 00 Kaulniokoeo2o moxkcuty), borderline (nassne niosuwenns mumpy
imynoenobyninie G 00 Kauiioko8020 MoKCUHy), positive (Oyace eucoxuil mump anmumin G 00 Kauiloko8020 MOKCUHY).

Cmamucmuunuti ananiz 30iCHI08ABCA 3a 00NOMO20t0 npoepamu «Stat Plusy (kpumepiii [llanipo-Binka, Mean + SD npu
NPasuIbHOMY PO3no0Li 03HAK, Mediand, 6EPXHIll MA HUICHIT K8APMULL NPU HENPAGUTLHOMY PO3NOOLLI, KpUumepiil x*, Kpumepit
Mana-Yimni, mounuii kpumepiti iwepa).

11i0 yac nposedenns pobomu 0Ompumari npasuiia besnexu NayieHmie ma emuyHUx NPUHYUNIE NPOBEOEHHs. HAYKOBGUX MEOUYHUX
docniodicens 3a yuacmio aoounu (2000 p.). Komicis 3 6ioemuxu Hadana 0036i1 Ha nPo8edeHHst Ybo2o 00CidxceHHs (npomokoi No
61 6i0 13.11.2020). bambku (3akoHHI NPeOCMAGHUKU) NAYIEHMIB HAAIU RUCOMOBY 3200) HA NPOBEOCHHSL OAHO20 OOCTIONCEHHS.

Jlane oocniodcenns € ppazmenmom Hayko8o- 00caionoi pobomu « Komniexcnutl nioxio 00 KOHMpOIO CUMNIMOMIS,
8100AICH020 NPOSHO3Y 8 YMOBAX KOMOPOIOHOT namono2ii 6 KAIHIYi HYMPIUWHIX X80p06 ma npakmuyi CiMeuno20 iikapsy»
(Oeporcasna peccmpayis Ne 0118U000361).

Pesynomamu oocnioncennsn. Cepeoniu 6ix nayicumie cmanosus 11,57+3,82 poxu. Cepedniil 6ix nayicHmie KOHMpPOonbHOi
epynu 6ys 11,57+3,27 [95 % CI 10,18,12,95], nepwioi epynu (Oimu 3 neckum nepedicom 3axeoproéanns) — 12,00+3,92 [95 % CI
10,31;13,69], opyeoi epynu (cepednvosasickuti nepebie 3axeoprosanns) — 11,5514,05 [95 % CI 10,19,12,91], mpemwoi epynu
(nayienmu 3 easckum nepedicom) — 9,67+4,39 [95 % CI 7,14, 12,19] poxie (p=0,490). He 6yn0 docmogipHoi 8iomiHHOCmI Mid
cmamesum (x*=4,97, p=0,174) cknadom y epynax 0ano2o 00CIiONCeHHSL.

Pisenv eymopanvroeo imyHimenty npomu moKCUHy KauiioKad 00OCMOBIPHO GIOPI3HABCA Y 2pYNAX NOPIGHAHHA. Y KOHmMponvHill
epyni (Oimu Oe3 osnak 3axeoprosanns) y 75,86 % eunaoxie Oye borderline and positive pezyromam na naasuicmes cneyugiuHux
imynoenobyninie G 00 npagyesoeo moxcuny, mooi ax y oimeil 3 nposisamu COVID-19 nuwe y 41,51 % (p=0,005). Ilpu nopisuanni
mpwvox epyn nayienmie 3 COVID-19 y nepwiti epyni (Oimu 3 neckum nepebicom ingexyii) positive and borderline pesyiomam na
nasigHicmy cneyughiynux imynoenooyninie G 0o npasyesoco moxcuny 6ys y 66,67 %, y opyeiti epyni (0imu i3 cepeoHb08aNCKum
nepebizom 3axeopiosants) —y 33,33 % nayienmis, y mpemiii epyni (sasxckuii nepebie xeopoou) — 12,5 % (X*=16,91, p<0,001). ¥ dimeii
3 He2AMUBHUM Pe3yIIbMamom Ha HAABHICIb IMYHO2100YiHi6 G NPOMU MOKCUHY KAUIIOKA O0OCMOGIPHO 8I0MIUarOmbCsl 8UlYi NOKA3HUKU
Kinvkocmi netikoyumie (6 1,3 pasu), LLIOE (8 2,4 pasu), [{-oumepy (6 3,4 pasu) ma CPB (6 1,5 pasu) nopiensano i3 nayichmamu positive
and borderline pisnem yux anmumin. Y dimeii 3 iocymuicmio cneyughivnux aumumin G 00 Kauiloko8020 MOKCUHY OOCOGIPHO 6 6,25
pasie sioMivaemv sl 30iIbUeH s NOKA3HUKA 8ibHO20 Kopmusony ciunu (p<0,001) may 2 pasu smenwernns pisns simaminy /[ (p<0,001).

Bucnosku. Y epyni oimetl 3 npossamu COVID-19 cnocmepizagcst 00cmogipHo Oinbuiuii 6i0COMOK He2amueHo20 pe3yibmanty
mecmy Ha HaseHicmyb IgG npomu MOKCUHY KAWNIOKA NOPIGHAHO 3 KOHMPONLHOI 2PYNOIO0, WO 6KA3YE HA HUNCHUL PIGeHb
2YMOPANTLHO20 IMYHImMemy npomu Kauiioka y 0aHoi epynu nayienmie. Y oimetl 3 1eckum nepedicom 3axe0pro8aHHs 8i0MINABCA
00CcmMOoBIpHO OiNbUIULL BIOCOMOK NOZUMUBHO0 Pe3YIbmanty mecmy Ha HasaeHicmyv IgG npomu MoKcuHy Kauaioka, wo ceio4ums
npo BUWULl Pi6eHb YMOPANLHO20 IMYHImMemy npomu 0ano2o 30YOHUKA, NOPIGHAHO 3 epynamu Oimetl i3 cepeoOHbOBAICKUM
ma eaxnckum nepebicom saxeopiosanns. Ha ¢goni siocymuocmi cneyuiunux imyno2nooyninie G 00 Kauiioko8020 MOKCUHY
BIOMIUAEMBCSL 3POCMAHHS PIGHS NPO3ANALLHUX MapKepis (kinbkocmi aetkoyumie, [IIOE, CPE) ma J]-oumepy, wjo ceiouums
npo Oinbuw eaxckull nepedie saxeoprosanns, sukaukanozo COVID-19. V nayicnmie oumsaqozo iKy 3 He2amusHUM pe3yabmamom
HA HAABHICMb AHMUMIL CNOCMEPI2AEMbCsL NIOBUWeHUL pi6eHb KOPMU3OTLY, K MapKepa CMpecy, md 3MeHUeHHsL PIGHSL 8IMAaMIHY
. Obuosi 6ionociuno akmueni peuosuru bepyms yuacmo 6 IMYHHIU 8i0N08I0I Ha THQeKYIHI aeeHmu ma MOXCYmb 6UCMYNAMU
dooamrosumu Hecneyugiunumu mapkepamu eaxckocmi COVID-19. Tobmo Ha (hoHi HUHCHO2O PiBHA 2YMOPATLHO20 IMYHImMemy
npomu Kauinioka CHOCMepieacmu s 3poCcmants eavdxckocmi 3axeopioganis, cnpununernoeo COVID-19.

Knrwuogi cnosa: oimu; COVID-19; kawniox; 2ymopanshuii imynimen.
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BeTtyn

Koponagipycua xBopo6a-2019 3anumaerbes omHi€ro
3 HallBaJXYMX XBOPOO JIFOICTBA 3 BUCOKHM BiJICOTKOM
YCKJIaIHEHb 1 cMepTHOCTI. [lemiaTpudHa momysmis Mae
HYDKYUH BIJICOTOK YCKIIQJIHEHb Ta CMEPTHOCTI TIOPiBHSIHO
3 nopocnumiu [1, 2]. Jleski MikpoopraHizMu MaroTh Iepe-
XpecHUil iIMyHITeT 110 KopoHaBipyciB. Taki fgaHi 3’ sBisi-
1oTbes 1 1 Bordetella pertussis — 30y1HHKa KaInTioKy,
SIKUH OyB TPi3HUM 3aXBOPIOBAHHAM B JUTSYOMY BiIli 0
1osiBU crenudivHoi BaKIMHONPODimakTHKu. 30yIHUK
KalILTIOKY, SIK 1 KOPOHaBIpyC, MEpEeBaKHO BpaXkae ANXalbHI
LUISIXH. 3arajlbHUMU €I1i1IeMI0JION YHUMHU O3HAKaMH € TPHU-
BAJIICTh 1HKYOAaliHHOTO Mepiofy, HUIX repeaadi 30yaHu-
KiB, MOKJIMBICTH OE€3CMMIITOMHOIO HOCI#icTBa. Y CBITO-
Biif JTiTepaTypi € BiIOMOCTI MMPO JIETTIHH Mepedir TPHUILy,
pecripaTopHO-CUHIIUTIAIBHOT i1H(EKIIii, TOB’13aHOT 31
c(hOpMOBaHUM IMOCTBAKIMHAIBHUM IMYHITETOM IPOTH
kanutoky [3, 4]. llenaeHHs Big KalLUTIOKY pOOIATHCS
HEepPEeBaXKHO B JIUTAYOMY Billl, & TOMY BUBUYCHHS 1epeodiry
COVID-19 B 3anmeXHOCTI BiJl CTaHy TYMOPAJIBHOTO iMYy-
HITETY NPOTH KALUIIOKY MOXXE MaTH BEJIMKE 3HAYCHHS
JUIS TIPOTHO3Y Mepediry 3aXxBOPIOBaHHS, BUKIHMKAHOTO
COVID-19, i pu3uxy #0oro MOBTOPHUX CIIaJaXiB.

MeToto Haworo fgocnigXXeHHA Oyio 3’scyBaTu
ocobnmBocTi nepediry COVID-19 y nmiteit 3amexHo Bif
CTaHy IOCTBAaKIIMHAJIEHOTO IMYHITETY HPOTH KAIILTFOKOBOT'O
TOKCHHY, OLIIHIOIOYH Y HAX PiBEHb T'yMOPAJIBbHOTO IMyHITETY
MIPOTH KaILIIOKA.

MaTepian Ta metoaun gocnipXeHHA. Ilix gac
MpOBEeACHHS poOOTH JOTpHUMaHi mpaBuiia 0e3MeKn
MAI[IEHTIB Ta THYHUX MPUHIIHITIB MPOBEACHHS HAyKOBHIX
MEIMYHUX JTOCIIKEHB 3a ydacTio jronunan (2000 p.).
Komicist 3 6i0eTHKH Hajana 03B HA TPOBECHHS I[LOTO
nociimkenns (mporokos Ne 61 Bix 13.11.2020). batbku
(3aKOHHI NIPEACTABHUKMN) MAI[I€HTIB HA/IaJIA TUCHMOBY
3TO/y Ha IPOBEICHHS JaHOTO JOCITIIKSHHS.

Ob6crexxeHo 92 qutuHY BikoM Bix 6 10 17 pokiB, 3 HUX
30 niteit Oe3 03HAK 3aXBOPIOBAHHS CTAHOBHJIM KOHTPOJIBHY
rpymy, 62 auTrHYU OyJM 3 MPOSIBAMU JTa00PATOPHO i ITBEP-
mkenoro COVID-19. OuinroBaBcst KIiHIYHUAN 1epedir
3aXBOPIOBAHHS Ta Jesiki madoparopHi nokasauku (CPB,
LIOE, piBeHb JTEUKOIHTIB), PiBEHb BITHHOTO KOPTHU30IY
CJIMHY Ta BiTaminy /1.

Kpurepisimu sterkoro nepediry Oyinu cyohedpuiabaa
TeMneparypa, JiapeHHui CHHAPOM 0e3 03HaK EKCHKO3Y,

KaTapaJbHUN CHHIPOM 0e€3 ypakeHHS HMXKHIX JH-
XaJbHUX HUISIX1B, 3MIHM cMaKy a0o Hioxy. [lomipHumMu
KpuTepisMHu repediry Oynu rineprepmis Buile cyode-
OpuIBHOT, MPOSIBU €KCHKO3Y Ta O3HAKU ITHEBMOHIi 0e3
nopymeHHs carypanii. [lamienTn 3 BaxxkuMm nepedirom
XBOPOOM JIIKyBaJIUCs y BiJJIIJICHH] IHTEHCHBHOI Tepa-
mii, MaJld O3HaKU TSKKOI AUXAJIbHOT HELOCTATHOCTI,
moTpeOyBallu JOAaTKOBOI Mo1avyi KUCHIO, JKOJICH Talli-
€HT HE TIOMeDP.

[IpoBeneHo sikicHe BU3HAYCHHS PiBHS IMyHOIIIOOYITiHIB
G IpOTH KaluTIOKOBOTO TOKCHHY METOJIOM IMyHO(EPMEHT-
noro a"anizy (VIROTECH B. pertussis PT Ig G ELISA,
M. Paccenbcxaiimv, Himeuuunna). 3riIHO 1aHOT METOIHKH,
Pe3yIBTAaT OLIHIOETHCS SIK negative (BiICYTHE IMiIBUIICHHS
TUTPY crierudigHuX aHTUTLT Ki1acy G 10 KaIlIIOKOBOTO
TOKCHUHY,), cyMHiBHII borderline (HasBHE MMiBUIIICHHS
TUTPY IMyHOTI00YiHIB G 0 KAaIUTIOKOBOTO TOKCHHY),
positive (y>ke BUCOKHIT THTP aHTUTLI G 10 KaILTIOKO-
BOTO TOKCHHY). /laHa MeTovKa 0a3yeThesl HA BU3HAYCHHI
IHAEKCY aHTHTIN [5, 6].

CrarucTuyHUi aHaii3 MPOBOJUBCSA 32 JOMOMOTOI0
mporpamu «Stat Plusy [7,8](tectn lllamipo-Yinka, cepen-
HetcTaHAapTHE BIIXMIICHHS y pa3i MPaBUIEHOTO PO3MO-
JITy 03HAKHM, MeliaHa, BEPXHil Ta HWKHIN KBapTHIl y pasi
HEMPaBHIBHOTO PO3IOLTY, TecT X2, TecT MaHHa—YiTHI,
kpurepiit Pimepa).

Jane nociipkeHHS € parMeHTOM HayKOBO- JIOCITITHOL
pobotn «KoMmrekcHUH TiIXi/] 10 KOHTPOIIIO CHMITTOMIB,
BiJIaJIGHOTO TPOTHO3Y B yMOBaX KOMOPOiAHOT maTosorii
B KJIIHII BHYTPIIIHIX XBOPOO Ta MPaKTHIl CIMEHHOTO JIi-
Kaps» (nepxasHa peectpanis Ne 0118U000361).

Pe3ynbTaTu gocnigkeHHs Ta iX 06roBopeHHs.
Cepenniii Bik manieHTiB ctanoBus 11,57+3,82 poxku.
CepenHiil BiKk Mali€HTIB KOHTPOJBHOT rpynu OyB
11,57£3,27 [95 % CI 10,18;12,95], nepuroi rpynu (iTu
3 JIETKUM TiepebiroM 3axBoproBanHs) — 12+3,92 [95 % CI
10,31;13,69], npyroi rpynu (cepeaHbOBaxKuii nmepeodir
3axBoproBanHs) — 11,55+4,05 [95 % CI 10,19;12,91],
TpeThoi Irpynu (HMamieHTH 3 BaXXKUM Iepedirom) —
9,67+4,39[95 % C1 7,14;12,19] pokig (p=0,490). He 6yno
JIOCTOBIPHOT BiIMIHHOCTI M) cTareBuM (x*=4,97, p=0,174)
CKJIQJIOM Yy TpyINax AaHOTO JOCIiPKCHHSI.

CraH ryMopajbHOTO IMyHITETY MPOTH TOKCHHY Kalll-
JIFOKa Y TAIi€EHTIB KOHTPOJIBHOI IPpyNy Ta y JUTEH 3 Mpo-
sBamMu SARS-CoV-2-iudexkiii Bigodpaxeno y Tadmuri 1.

Tabnuus 1

HasiBHicTb iMmyHOrno6yniHiB knacy G npoTu TOKCUHY KalusoKka y AiTed KOHTPOSNbHOI rpynu Ta y nauieHTiB
3 npossiBaMmu SARS-CoV-2-iHdekuii

. . - [itn 3 nposisamu
HasBHicTb imyHornobyniHis G oo KoHTponbHa rpyna, .
_ SARS-CoV-2-iHdekuii, X
TOKCUHY KalUntoka n=30 n=62 P=0,005
Negative result 24,14 % 58,49 %
Borderline and positive result 75,86 % 41,51 % -eramucTitino AoCToBIpHa
BiAMiHHICTb

VY xoHTpONBHIN Tpymi positive and borderline pesyss-
TaTH Ha aHTHTLJIA J0 KalUTIOKOBOTO TOKCUHY B 1,8 pasu
O11b11I1 HOPIBHSHO 3 TPYIIOO JiTei 3 mposiBamu COVID-19.
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CraH ryMopaibHOTo iIMyHITETY MPOTH TOKCHHY Kalll-
JIOKa y MamieHTiB 3 pisauM nepedirom COVID-19 Bino-
OpakeHO y Tabmmii 2.
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Tabnuus 2

HasBHicTb imyHOrno6yniHiB knacy G npoTu TOKCUHY Kalustoka y giten 3 npossisamu COVID-19

HasgBHicTb Mepwia rpyna [pyra rpyna (cepeaHbOBaXxKui Tpers rpyna

. o (nerkmn nepebir pyra rpyna {cepea (Baxkkmi nepebir
imyHornobyniHis G go nepebir COVID-19), X?=16,91

TOKCMHY NpaBLst COVID-19), n=33 COVID-19), <0,001"

y nipasy n=20 n=9 p=0,

Negative result 33,33 % 66,67 % 87,50 %
Borderline and - cTaTveTniHo

" 66,67 % 33,33 % 12,50 % [ocCTOoBIpHa
positive result A

BiOMIHHICTb

Ha ¢doni 3pocTanHs BaXKKOCTI 3aXBOpIOBaHHS Bif0yBa-
€TBCS 3MEHIIICHHS KUTBKOCTI TiTeH 3 HAsIBHICTIO CTICIIU(id-
HUX MPOTHKAIITIOKOBUX iMyHOTIIOOYmiHIB G.

CriBBiqHOIICHHSA KUTBKOCTI JeikormTiB, [ILIOE JI-mmmepy,
CPb Ha ¢oHi HasBHOCTI (BiACYTHOCTI) e igHAX IMyHO-
1o0ymiHiB G MPOTH TOKCHHY KaIlDTIOKa MOKa3aHO y Tabmmmi 3.

Ta6bnuusa 3

CniBBigHOLWWeHHS KinbkocTi nenkouuTis, LUOE Ta [1-aumepy, CPB Ha ¢oHi HasBHOCTI (BigcyTHOCTI) cneundiyHnx
iMyHOrno6yniHiB G npoTu TOKCUHY Kalustoka

HasagHicTb imyHOrnobyniyis G KinbkicTb LUOE, O-anwmep, CPB,
00 KaLUtoKOBOIro TOKCUHY nevikouutis, 10%/n mMm/rof, Hr/Mn Mmr/n
Negative result 7,80 12,00 259,00 5,20
[4,65; 12,67] [4,00; 17,00] [103,70; 444,55] [3,00; 13,97]
Borderline and positive result 5,80 5,00 76,00 3,40
[4,60; 7,40] [3,00; 7,50] [45,30; 98,00] [2,60; 4,30]
p=0,008" p<0,001 p<0,001" p=0,004"

Note: * — cmamucmuyHo docmosipHa 8iOMiHHICMb

V niTeii 3 HEraTUBHUM Pe3yJIbTaTOM Ha HasIBHICTH CIIe-
nudiyHEX iIMyHODTOOYINiHIB G POTH TOKCHHY KalllTIoKa
JIOCTOBIPHO BiAMIYAIOTHCS BUIINI MOKA3HUKH KiJIBKOCTI
neiikouutis (B 1,3 pasu), LLHOE (B 2,4 pa3u) Ta J{-numepy
(B 3,4 pazn) a CPb (B 1,5 pa3u) nopiBHSHO i3 narieHTamMu
3 borderline and positive pe3ynpraToM, 1110 CBIYUTH PO
Ba)K4Mil nepedir JaHOTO 3aXBOPIOBAHHSI.

VY niteii 3 BaKuuM 11epediroM 3aXBOPIOBAHHS BU3HAYA-
I0ThCs T JIBUILICHUH piBeHb KOpTH30Iy [9-16] Ta HIDKUMiA
piBens BiTaminy JI [17-18].

CepenHi piBHI BUIBHOTO KOPTH30ITY CIIMHH T BITaMiHY
'y niteii 3 pi3HUM pe3yJIbTaTOM Ha HasBHICTB crienugiy-
HHX aHTHUTLI KJacy G 0 KalluTIOKOBOTO TOKCHHY MOKa3aHO
y Tabuii 4.

Tabnuus 4

CepepaHi piBHi BinbHOro KOpTU30I1y CNMHK Ta BiTaMiHy [ y AiTel 3 pi3HMM pe3ynbTaTtoM Ha HasiBHICTb
cneuundivHUX aHTUTIN Knacy G A0 KalioKOBOrO TOKCUHY

Negative result Borderline and positive result
Free salivary cortisol, mcg/dl 1,00 0,16 <0,001*
ry - Mcy [0,70; 1,05] [0,11; 0,35] =L,
I 13,59 27,49 *
25-OH vitamin D, ng/ml [11,00: 17,42] [22,05; 31,59] p<0,001

Note: * — cmamucmuyHo docmosipHa 8iOMiHHICMb

VY niteit 3 BigcyTHicTIO crienudigaux aHTUTIT G 110
KaIlTIOKOBOTO TOKCHHY JIOCTOBIpHO B 6,25 pa3iB BigMiua-
€THCS 301TBIIEHHS TOKAa3HUKA BUTFHOTO KOPTHU30ITY CIIMHU
Ta y 2 pa3u 3MEHIIEHHS piBHA BiTaMiny 1.

3riIHO JaHUX CTATHCTUKHU Ta HAYKOBUX JTaHUX, KiJIb-
KIiCTh BaKKHX Ta JIETANBHUX (POPM y IiTeH, AKi CTpaXaann
Bim COVID-19, € 3Ha4HO MEHITIOI0, HiXK y AopociuXx [19]. €
TaKOX JTaHi TIPO Te, 1110 JeKI BAKIIMHH, sIKi OTPUMYIOTb JiTH,
MOXYTh MaTH MTEePeXpecHUN 3aXUCHUM eekT 1 mpoTH 30y1-
HHUKa KOPOHaBipycHOI XxBopoOH [8, 20]. YV cBiTi icHye TepMiH
«rereposioriuti HecriendivHi eGekTH BakiuHy (IHIUMH
croBamu «off-target effects») — e ixHii BIUIMB Ha IMyHHY
BIJITIOBI/Ib OpPTaHi3My, KW BiAPI3HAETHCSA Bifl IXHHOTO M-
Moro npu3HadeHHs. B 2015 poui y Annecy (Ppanitis) Bia-
oynacek koHbpepenris «Off-target effects of vaccinationy.
PocTe KinBKICTh T0Ka3iB, 0 BaKIIMHU MOXYTh BIUTMBATH

Ha TiepeOir iHIINX 3aXBOPIOBaHb, OKPIM THX, MPOTH SIKUX
BoHHM Oynu po3pobieni [21]. Taki mani € M070 BaKIUH
BILDX, xopy, emianapoTuTy, KpacHyXH, AU Tepii Ta mpasIst
[22]. Aitu 6inpmr 3axumieni Big COVID-19 B Tux kpaiHax,
Jie € OLTBIIINM BiJICOTOK OXOTIICHHS BaKIIMHALIIEIO IPOTH TaK
3BaHMX JUTSUMX 1H(ekii [23]. [ToBHICTIO MOSICHUTH 11k
(heHOMEH HaykoBa CBITOBA CHIILHOTA IIe HE MOXke. Jleski
TIETITH/IM AISTFOISIPHOT BaKI[MHH KAIIUTIOKA € CXOXKI1 3 TIETITH-
namu SARS-CoV-2, To6TO € MOXKIIUBICTE OHOYACHOTO BH-
poOIIeHHS TIepeXpecHOi IMyHHOI BiAMOBIJII TPOTH IUX JBOX
iHdexuiit [24, 25]. lle onxe mocmimkeHHs [26] mpoaeMoH-
cTpyBajo jermuii mepedir SARS-CoV-2 -indexiii y Mu-
TIeH, BaKIIMHOBAHHUX BAKIIMHOIO TMPOTH KAIILTIOKA. TaKoX €
JIaHi PO aKTUBHICTH TaHOT BAKIIMHM ITPOTH a/ICHOBIPYCY Ta
repriec-BipyciB y mueii [22-24]. 11i monepeaHi BUCHOBKH
MOIAfOTh OaraTo HaAil /Tt MaliOyTHIX TOCIIPKEHb B IJIaHi
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nikBiganii macmrabuux cnanaxis COVID-19 Ta nmporaosy-
BaHHS Mepediry JaHoTo 3aXBOPIOBAHHS.

BuBueHHST MOXKITMBOT 3aXHUCHOI POJIi aHTUTOKCHYHOTO
IMYHITETY ITPOTH KaIlLTIOKa MOXeE Bi/I0yBaTHCS B IEKIJIbKa
eTaIIiB: TIEPIIIHIA €Tall — BHBYCHHS CIT1ICMIOIOTYHUX TaHUX
(306ip iH(OpPMAIIIT PO TOTIEPETHI BAKI[MHALIT TIPOTH Karll-
JIIOKa, MOpiBHSHHS 3axBoproBaHocTi Ha COVID-19 B kpai-
Hax 3 pi3HeM piBHEM Hecrenn(ivHOT BaKIMHALIT); IPYTUM
€TaroM € BU3HAYCHHs PIBHS CEIU(ITHIX IMyHOTITOOYJTi-
HiB G IIPOTH KaIUTIOKA Yy TAIIEHTIB 3 PI3HUM Iepedirom
KOpPOHaBIPYCHOI XBOpOOH, 110 1 BinOyBanocs y Hamomy
JIOCITI/DKEHHI; HAa HACTYITHHUX eTalax MpOBOJSATHCS MoJIe-
KYJSIpHI Ta KIITHHHI gociipkeHHs [27, 28], nepesipka
mepexpecHoi peakKTUBHOCTI MK aHTUTIIAMu Ta T-KiIi-
THHaMH, sKi 1HIYKyIoThCst SARS-CoV-2 Ta kanumokom,
eKCIICPUMEHTH in Vivo Ha TBapHHAX, SIKUM CIIOYaTKy (hop-
MYIOTh IMYHITET MPOTH KalUTIOKa HUISIXOM crenugiqHoi
BaKIMHALIT 3 HACTYmHUM 3apaxeHHsIM SARS-CoV-2-in-
(exmiero Ta ToCHipKeHHAM ii epediry, KIiHIvHI JocTi-
JUKCHHS (Ha TaHWH 9ac MPOBOASTHCS HE3aJICKHI KIITHIUHI
JOCITLKEHHS, SIKi o1iHIo0Th rtepebir COVID-19 y Baknu-
HOBAHMX Ta HEBAKIIMHOBAHHUX MPOTH KalLTIOKA METUYHUX
MpamniBHUKIB [29].

Hwuspknuii piBens BiTaminy /| Ta migBUIICHUN piBeHb
KOPTH30JIy TAKOXK BiJIMIYArOTHCS TIPH BasKIOMY ITepediry
COVID-19 [30, 31] i MOXYTb CIY)KUTH TOJaTKOBUMH He-
crienpiYHAMH MPOTHOCTHYHUMH OioMapKepaMu BayKKOCTI
repediry TaHoro 3aXBOPIOBAHHS.

NMiTepatypa:

BucHoBku.

1. KinbkicTh AiTe# 3 HasgBHICTIO CHeUpIYHUX aH-
TUTLI A0 TOKCHHY KalllIFOKa OyJia BIBiUl BHIIOI y KOH-
TPOJIBHIN TPYII HOPIBHSHO 3 TPYIO0 JiTeil, IHpiKOBaHMX
COVID-19.

2.V nitelt 3 pi3HUM epebiroM KOpoHaBipyCHOT XBO-
pob6u Ha (GoHI 3pocTaHHs ii BAKKOCTI BiAMIYa€THCS 30171b-
IICHHS BIJICOTKY CEPOHETraTHBHHX I[0JI0 TOKCUHY KallLUTIOKa
niteid. ToOTO MiTH 3 BIACYTHICTIO crielu(iYHUX MPOTHU-
KallUTIOKOBUX IMyHOIIIOOUTIHIB G MaloTh BaKuuil repedir
COVID-19.

3. Ha doni BincyTHOCTI criennivHUX iMyHOII00yJIi-
HiB G [10 KaIlUTFOKOBOT'O TOKCHHY BiIMIYA€THCS 3pOCTAHHS
piBHSI mpo3anajbHUX MapkepiB (KiIbKOCTI JIeHKOIH-
tiB, lIOE, CPB) ta JI-numMepy, 1110 TaKOX CBIIYUTH PO
01yl BaXKKHI nepedir[7] 3aXBOprOBaHHS, BUKIMKAHOTO
COVID-19.

4. Tlpu BiAICYTHOCTI aHTHUTIJI M[OJ0 KAILIIOKOBOTO
TOKCHHY Y MAIi€HTIB JUTSYOTO BiKy CIIOCTEPIraeThes Mmiji-
BUILICHUH PIBEHb KOPTH30JTY SIK MapKepa CTpecy Ta 3MEH-
uieHHs piBHs BitTaminy J[. OOuaBi 0i070Ti4HO aKTHUBHI pe-
YOBHHH OepyTh y4acTh B IMyHHIH BiANOBII Ha iH(EKIHHI
areHTH Ta MOXKYTh BUCTYIIATH J0JIATKOBUMHU HecTeudid-
HUMH Mapkepamu Baxkocti COVID-19.
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PECULIARITIES OF THE COURSE OF COVID-19 IN SCHOOL-AGE CHILDREN AS A FUNCTION
OF HUMORAL IMMUNITY AGAINST PERTUSSIS

H. Pavlyshyn, O. Panchenko, K. Kozak

1. Horbachevsky Ternopil National Medical University (Ternopil, Ukraine)
Summary.

Coronavirus disease remains one of the most serious diseases in the world. The percentage of severe and fatal cases in children is
lower than in adults. The search for biomarkers of disease severity continues. There is evidence of heterologous immunity between the
causative agent of coronavirus infection and some other infectious agents. Both Bordetella pertussis and SARS-CoV-2 cause damage to the
respiratory system. It should be noted that the incubation period and transmission mechanism are similar for these two microorganisms.
Pertussis vaccinations are given in childhood.

The purpose of the study is to find the charcteristics of the course of COVID-19 in school-aged children depending on the state
of humoral immunity against pertussis toxin, assessing their level of immunoglobulin G against pertussis.

Material and methods. 92 pediatric patients aged 6 to 17 years were studied, including 30 children without signs of the disease in the
control group and 62 children with manifestations of laboratory-confirmed COVID-19. The clinical features of the disease and laboratory
indicators (C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), white blood cells, D-dimer) were evaluated, as well as the
levels of free salivary cortisol and vitamin D. According to the severity of the disease, 3 groups were formed: the first — 20 children with
amild course of COVID-19, the second — 33 patients with a moderate course of the disease, the third — 9 with a severe course of the disease.

All children were tested for immunoglobulin G (Ig G) to pertussis toxin by enzyme-linked immunosorbent assay (VIROTECH
B. pertussis PT Ig G ELISA, Riisselsheim, Germany). The result was considered negative (no increase in the titer of specific class G
antibodies to pertussis toxin), borderline, and positive (there is an increase in the titer of immunoglobulin G to pertussis toxin).
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Statistical analysis was performed using the program «Stat Plus» (Shapiro-Wilk test, mean = SD (standard deviation) with correct
distribution of characteristics; median, upper and lower quartiles with incorrect distribution, Chi-square test, Man-Whitney test, Fisher’s test).

The study was conducted in accordance with the rules of patient safety and ethical principles of scientific medical research involving
human subjects (2000). The permission to conduct this study was given by the Bioethics Commission (Protocol No. 61 of 13.11.2020).
The parents (legal representatives) of the patients gave their written consent to the conduct of this study.

This study is a fragment of research work «An Integrated Approach to Symptom Control, Long-Term Prognosis in the Context of
Comorbid Pathology in the Clinic of Internal Diseases and Family Doctor Practice» (state registration No. 0118U000361).

Results. The mean age of the patients was 11.57+3.82 years. The study groups did not differ in sex (x2=4.97, p=0.174) and age
(p=0.490) composition.

The level of humoral immunity against pertussis toxin differed significantly between the study groups. A positive and borderline
result for the presence of specific immunoglobulin G to tetanus toxin was found in 75.86 % of children without signs of disease. At
the same time, only 41.51 % of children with COVID-19 manifestations had a positive and borderline result (p=0.005). A positive and
borderline result for the presence of specific immunoglobulin G to tetanus toxin was seen in 66.67 % of children with mild infection,
33.33 % of patients with moderate disease, and only 12.50 % of patients with severe disease (X*=16.91, P=<0.001).

Children with a negative result for immunoglobulin G to pertussis toxin have significantly higher WBC count (1.3-fold), ESR
(2.4-fold), D-dimer (3.4-fold), and CRP (1.5-fold) compared to patients with positive and borderline levels of these antibodies. In
children with a negative result, there was a 6.25-fold increase in salivary free cortisol (p<0.001) and a 2.0-fold decrease in vitamin D
levels (p<0.001).

Conclusions. In children with COVID-19 manifestations, there was a significantly higher percentage of negative test results for the
presence of IgG to pertussis toxin compared to the control group, indicating a lower level of humoral immunity to tetanus in this group of
patients. In children with mild disease, there was a significantly higher percentage of positive and borderline test results for the presence
of IgG to pertussis toxin (indicating a higher level of humoral immunity against this pathogen) compared to the groups of children with
moderate and severe disease. The absence of specific immunoglobulins G to pertussis toxin is associated with an increase in the level of
pro-inflammatory markers (leukocyte count, ESR, CRP) and D-dimer, which also indicates a more severe course of COVID-19. Patients
who are negative for pertussis toxin antibodies have elevated cortisol levels as a marker of stress and decreased vitamin D levels. Both
biologically active substances are involved in the immune response to infectious agents and may serve as additional non-specific markers
of COVID-19 severity. Therefore, low humoral immunity to pertussis contributes to the increase in COVID-19 severity in childhood.

Key words: Children; COVID-19; Pertussis; Humoral Immunity.
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