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EJIEKTPO®I3IOJOTTYHI 3MIHU B YYACHUKIB JITKBIIAIIIT
HACJIIJIKIB ABAPTi HA YOPHOBWILCBKII AEC

TA BINCHKOBOCJIYKBOBIIIB CHJI OBOPOHY YKPATHH,

AIKI € PEKOHBAJIECIIEHTAMMI KOPOHABIPYCHOI XBOPOBU
(COVID-19)

MeTa: npoBecTu KniHiko-HelpodizionoriyHe o6CTEXEHHA yYacHUKiB nikBigauii Hacnigkis aapii (Y/IHA) Ha YopHo-
OunbCcbKin atomHil enektpoctanuii (YAEC) i BilcbkoBocnyx60BUiB Cun 060poHu Ykpainu (3CY), aki nepexsopinu Ha
KopoHaBipycHy xBopoby (COVID-19) Ta oci6 rpyn nopiBHAHHA 3 METOI BUBYEHHSA BNAWBY BiaAaneHUX HaCNiAKiB Aii
10Hi3yl04Oro BUNPOMiHIOBAHHS, NCUXOEMOLAHOrO CTpecy Ta NepeHeceHoi KOpoHaBipycHoT iHheKLUii Ha cTaH uepeb-
panbHoro yHKLiOHYBaHHS.
Marepianu 1a meTogu. lpocnekTnBHe KniHiyHe gocnimkeHHs YJIHA na YAEC i BiicbkoBocnyx608LiB 3CY, siki nepex-
BOpiNM Ha KopoHaipycHy xBopoby (COVID-19) Tta oci6 rpyn nopiBHAHHA. OcHoBHa rpyna — 30 YJIHA Ha YAEC yo-
noBiyoi ctari, 3 BepudikoaHum COVID-19 B aHamHe3i (YJIHA COVID+), saiki 6panu yyacTb y nikeigauii Hacnigkis aBapii
Ha YAEC y 1986-1990 pokax. flk rpyny Ho3onoriyHoro koHTposto (FHK) npotarom 2020-2022 pokis o6cTexeHO 24
0co6u YonoBiyoi cTaTi 3 BepuikOBaHOI XPOHIYHOK HeJOCTaTHICTIO MO3KOBOrO KpoBoobiry (XHMK), siki He 3a3Hanu
BMNAUBY [KEpeN i0Hi3ylYoro BUNPOMiHIOBaHHSA, BNIUBY NCUXOEMOLiAHOTO CTpecy, NOB'A3aHOro 3 NOBHOMACLITabHOW
BiilHOtO, Ta He xBopinu Ha COVID-19. BiitcbkoBocnyx6oBui 3CY 3anexHo Big HassHocTi COVID-19 B aHamHe3i Oynu
po3nogineHi Ha 2 nigrpynu: «COVID+» (n = 20) i «COVID-» (n = 15). [liarHoCcTUKY HelponcuxiaTpuYHUX po3nagis
30iliCHIOBaNM 3a fliarHoCcTUYHMMK pybprkamm MKX-10. BisyanbHuii i cnektpanbHmii aHanis EEM npoBogmnu ans ouiHku
uepebpanbHux (yHKUil y cTaHi nacuBHoro HecnaHHa (rsEEG).
Pesynbtatu. [locTOBIpHO 3a KNiHIYHMMM NCUxOHeBponoriyvHumu xapakrepuctukamu rpynu YTHA Ha YAEC «COVID+»
Ta THK npakTM4HO He Bifpi3HANUCH, 3@ BUHATKOM AOCTOBIPHO BULLOT 4AaCTOTU OpraHiyHoro po3snagy ocobucrocti (FO7)
B rpyni YJIHA Ha YAEC «COVID+» (p < 0,001). Y rpyni Y/THA Ha YAEC «COVID+» BUABNEHO AOCTOBipHe 36inblIEHHS
BiAHOCHOT ( %) CneKTpanbHOT AenbTa-noTyxHocTi KEET GinatepanbHe 3HUKEHHSA BiGHOCHOT CNEKTPabHOT TETa-NOTYX-
HOCTi y QDPOHTANbHMX AiNsAHKax Ta 36inbleHHs abCONOTOT CNeKTpanbHOT AeNbTa-NoOTYKHOCTI y NiBil NOCTepO-TeMNo-
panbHii ginaHui BigHocHo MTHK (p < 0,05). Y rpyni 3CY «COVID+» BUsBNEHO AOCTOBipHe 36inblEHHS BIAHOCHOT CNeKT-
panbHOT TeTa-NOTYXKHOCTI 3 GinarepanbHUM eKcLuecoMm y TiM'aHux ainsHkax (p < 0,05-0,01), a Takox JOCTOBipHe 3poc-
TaHHsA abCOMIOTHOT CNeKTPanbHOi TeTa-NOTYXKHOCTI 6inatepanbHo B N06HMX AinsHkax (p < 0,05) BigHocHO rpynu 3CY
«COVID-».
BucHoBku. B YJTHA Ha YAEC pekoHBanecueHtis COVID-19 Bnepuwe BUsBNEHO BUpaxeHe andy3He cnoBinbHEHHS Gioe-
NEeKTPUYHOT aKTUBHOCTI rONIOBHOTO MO3KY A0 Aenbra-yactoT BigHocHo THK. Y BilicbkoBocnyx6oBLiB 3CY, ski nepex-
Bopinu Ha COVID-19, cnocTtepiraeTbcs NOMipHO BUpaXeHa CTiilka uepebpanbHa aucdyHkuis. [aHi 3MiHu noTpebytoTb
NOAANbLIOrO CNOCTEPEKEHHA Ta BUBYEHHS.
KniouoBi cnoBa: YopHoOunbcbka katactpoda; nikeigatopu aBapii Ha YopHobunbebkiin AEC (YTHA); nocttpaBmatuy-
Hui cTpecoBuit po3nag; 3CY; kinbkicHa enektpoeHuedanorpadis (KEET); COVID-19.
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ELECTROPHYSIOLOGICAL CHANGES IN THE PARTICIPANTS
OF THE LIQUIDATION OF THE CONSEQUENCES OF THE
CHORNOBYL ACCIDENT AND THE MILITARY PERSONNEL
OF THE UKRAINIAN DEFENSE FORCES RECOVERING FROM
CORONAVIRUS DISEASE (COVID-19)

Objective: to conduct a clinical and neurophysiological study of Chornobyl clean-up workers and military personnel
of the Armed Forces of Ukraine (AFU) with previous coronavirus disease (COVID-19) and individuals of the compar-
ison groups to study the impact of long-term effects of ionizing radiation, psychoemotional stress and previous
coronavirus infection on cerebral functioning.
Materials and methods. A prospective clinical study of Chornobyl clean-up workers and servicemen of the Armed
Forces of Ukraine (AFU) who had coronavirus disease (COVID-19) and individuals of the comparison groups. The
main group — 30 males participated in liquidating the consequences of the Chornobyl Nuclear Power Plant (ChNPP)
accident with previously verified COVID-19 (Chornobyl clean-up workers). As a nosological control group (NCG), 24
men with verified chronic cerebrovascular disorder (CVD) not exposed to radiation sources, war-associated psycho-
emotional stress, and COVID-19 were examined in 2020-2022. Depending on the history of COVID-19, the AFU ser-
vicemen were divided into 2 subgroups: «COVID+» and «COVID-». The diagnosis of neuropsychiatric disorders was
established according to ICD-10. Visual and spectral EEG analyses assessed cerebral functions in passive wakeful-
ness (rsEEG).
Results. Chornobyl clean-up workers «COVID+» and NCG groups did not differ significantly in clinical neuropsychi-
atric features, except for a higher frequency of organic personality disorder (FO7) in the group of the Chornobyl clean
workers «COVID+» (p < 0.001). In the group of the Chornobyl clean workers «COVID+» relative ( %) spectral delta-
power of EEG was significantly diffusely increased as well as absolute spectral delta-power in the left posterior-tem-
poral area compared to NCG (p < 0.05). A significant diffuse increase in relative spectral theta-power with a bilat-
eral excess in parietal areas (p < 0.05 — 0.01), as well as a significant increase in absolute spectral theta-power bilat-
erally in frontal areas (p < 0.05) was found in the group AFU «COVID+», compared to the group AFU «COVID-».
Conclusions. For the first time, a pronounced diffuse slowing of cerebral bioelectrical activity to delta-frequencies
was detected in the Chornobyl clean-up workers being COVID-19 recuperates compared to the comparison group
with chronic CVD. The AFU servicemen with previous COVID-19 have moderate persistent cerebral dysfunction. These
changes require further observation and study.
Key words: Chornobyl disaster; Chornobyl clean-up workers; post-traumatic stress disorder; Armed Forces of
Ukraine; quantitative electroencephalography (QEEG); COVID-19.
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BCTYII INTRODUCTION

TocTpa TsDKKa BipycHa iHbexis, mo crama Bigomoro 3  The acute severe viral infection that became
rpynag 2019 poky, oyma Ha3zBana BOO3 koponasipyc-  known in December 2019 was named the coron-
Hoto xBopobow B 2019 poui (COVID-19). 306ymHuk  avirus disease (COVID-19) by the WHO. The
COVID-19 0yB BinHeceHUit 10 KopoHaBipycy 2 Tsbkkoro — causative agent of COVID-19 was classified as the
roctporo pecniparopHoro cuHapomy (SARS-CoV-2), severe acute respiratory syndrome coronavirus 2
HOBOTO OeTa-KOpOHaBipycy, TicHO ToB’sg3aHoro 3 Kopo-  (SARS-CoV-2), a novel beta-coronavirus closely
HaBipycoM SARS-CoV [1]. Ilangemiss COVID-19, mo  related to the SARS-CoV coronavirus [1]. The
posnouanack y 2020 poui, ctBopuiaa yuciaeHHi puduku  COVID-19 pandemic, which began in 2020, has
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Ta 3arpo3u B rajay3i rpoMajaCchbKoro 340POB’sl B OibIIOCTI
KpaiH cBiTy. CboroaHi rnpobdjemMa nopyiieHb NCUXiYHOTO
300pOB’d 1 HeWpomncuxiaTpM4yHi HaACHIOKW TMaHaeMil
COVID-19 3HaxonsTbest y (POKYCi yBaru CBIiTOBOI Heli-
poricuxiatpii [2, 3]. 30 ciung 2020 poxky BcecBiTHS op-
radizauisi oxoponu 310poB’ss (BOO3) oronocuna Han3-
BUYANHY CUTYAIIilO B Taly3i OXOPOHU 3M0POB’S, 110 BUK-
JIMKae MixkHapoaHe 3aHeniokoeHHs (Public Health Emer-
gency of International Concern, PHEIC), a 11 6epe3Hs
2020 poky oxapakTepu3yBaja clajaX KOPOHaBipyCHOIL
XBOpoOu gK maHzaemito [4]. Cranom Ha 23.09.2024 poky
YUCI0 MiATBEPIKeHUX BUNaAKiB iHpikyBaHHs1 COVID-19
B CBiTi cTaHOBUTB 776 205 140 oci6, B Tomy umcii 5 538 518
B YKpaiHi, YMCJIO MOMEPJUX MepeBUILYE 7 MIJIbIOHIB, B
ToMy umcii rmoHaa 109 Tuc. neTalbHUX BUIIAIKIB B YK-
paiHi [5].

YV 2023 poui HantioHanbHUIA iHCTUTYT OXOPOHM 310POB’SI
CILIA (The National Institutes of Health, NIH) 3acHyBaB
Koncopuiym 3 mocrmimkensas COVID mig moxparieHHs
BinHoBneHHS (RECOVER) — mepcrnekTuBHY JIOHTITYIU-
HaJIbHY KOTOPTHY iHILIaTUBY IJIsI BUBYEHHS JOBIOCTPOKO-
Bux HachinkiB COVID-19 [6]. CtanoM Ha 23 uyepBHs 2023
poky B nociimkenHi RECOVER Bagmu yaacts 12 057 pe-
KOHBAJIECIICHTIB KOPOHAaBipyCHOI XBOPOOM, a TaKOX H0-
natkoBo 1 917 BariTHUX XiHOK i 9 599 niTeit 3 moBrocTpo-
KOBUMM CUMIITOMAMU IIicasg MiATBepIXeHOl iHdeKIii
SARS-CoV-2 vy 85 micusax y 33 mrarax CILLA [6].

OIHUM 3 HaMOUIBIIMX KOHTUHIEHTIB, SIKOTO Oe3roce-
pPeIHbO CTOCYEThCS AaHa MpobiaeMa B YKpaiHi, € ydacHU-
KM JikBiganii HacaiakiB asapii (YJIHA) Ha YopHo-
omnbebkiit atromuiit emexktpoctannii (HAEC). Haii-
CEepHO3HIILIMMU pU3MKAMU IS 1Ii€i KaTeropii mali€HTiB B
po3pi3i mpodnem, odoymosieHux nanaemiero COVID-19,
€ BHCOKA MOIIMPEHICTh CeplLIeBO-CYINMHHMX Ta Lepedpo-
BaCKYJISIpPHUX 3aXBOPIOBaHb, BUCOKHUI1 PiBeHb 3aXBOPIOBA-
HOCTi Ha OHKOJIOTiUHi Ta OHKOTeMaTOJIOTiUHi 3aXBOPIO-
BaHHS, BHACJIAOK il iOHi3ylOUOro BUITPOMiHIOBaHHS
(IB) Ha iMyHHY cucTeMy i mpoLecu MeTaboi3My, 110 10-
JIaTKOBO OOTSIXKYETHCSI UNUHHMUKOM BiKY ([J1s1 0Ci0 cTapiumnx
3a 60 pokiB). KoMmIiekc HECTTPUSTIMBHX IICUXOTPaBMYIO-
YMX YMHHUKIB 30€pirae CBOI aKTYyaJIbHICTh i y BilaieHO-
My Tepiofi micisl pagialliiHUX HaA3BUYAWHMX CUTYaLlili:
acoliajbHi BiTHOCMHM, HEBU3HAYEHICTh Yepe3 cyrepey-
JIUBY iH(OpMalIil0, HEIOBipY, CTUTMATH3AIlil0, a TaKOX
MOPYLIEHHSI POOOTH MEIUYHMX CIYXKO, SIKi MPU3BOISITH
IO CTpecy, CIPUYMHSIIOT, HeTaTHMBHI COLiaJIbHI Ta eKO-
HOMIiYHi HaCHiaKy sl MNOCTPpaXAajaoro HaceJIeHHS Ta
MOB’SI3aHUX i3 LIMM 3aXBOPIOBAHOCTI Ta cMepTHOCTI. Lleit
HaOip HeraTMBHUX YMHHUKIB MOMIOHUI 1O TaKOro MpH
nanaemii COVID-19, B xoni 1Ko1 MOXHA BUIALIATH OPsIMi
Hacaigkn SARS-CoV-2 (ingexilis, MTHeBMOHi, TIOIIKOI-

created numerous public health risks and threats
in most countries worldwide. Today, the problem
of mental health disorders and the neuropsychi-
atric consequences of the COVID-19 pandemic
are in the focus of global neuropsychiatry [2,3].
On January 30, 2020, the World Health Organi-
zation (WHO) declared a Public Health Emer-
gency of International Concern (PHEIC), and on
March 11, 2020, characterized the coronavirus
outbreak as a pandemic [4]. As of 23.09.2024, the
number of confirmed cases of COVID-19 infec-
tion worldwide reached 776,205,140 people,
including 5,538,518 in Ukraine, the number of
deaths exceeded 7 million, including more than
109 thousand deaths in Ukraine [5].

In 2023, the US National Institutes of Health
(NIH) established the Research Consortium on
COVID to Improve Recovery (RECOVER), a
promising longitudinal cohort initiative to study
the long-term effects of COVID-19 [6]. As of
June 23, 2023, 12,057 coronavirus survivors, as
well as 1,917 pregnant women and 9,599 children
in addition with long-term symptoms following
confirmed SARS-CoV-2 infection at 85 sites in 33
states across the United States, have participated
in the RECOVER study [6].

One of the largest cohorts directly affected by
this problem in Ukraine is the liquidators of the
consequences of the Chornobyl nuclear power
plant (ChNPP) accident (hereinafter referred to
as «Chornobyl clean-up workers» or «clean-up
workers»). The most serious risks for this group of
patients in the context of the problems caused by
the COVID-19 pandemic are the high prevalence
of cardiovascular and cerebrovascular diseases,
high incidence of cancer and oncohematological
diseases due to the effects of ionizing radiation
(IR) on the immune system and metabolic
processes, which is further aggravated by the age
factor (for people above 60 years old). The com-
plex of unfavorable psychotraumatic factors
remains relevant in the long term after radiation
emergencies: antisocial relationships, uncertainty
due to conflicting information, distrust, stigmati-
zation, and disruption of medical services that
lead to stress, cause negative social and economic
consequences for the affected population and
related morbidity and mortality. This complex of
negative factors is similar to that of the COVID-
19 pandemic, during which one can distinguish
direct effects of SARS-CoV-2 (infection, pneu-
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>K€HHS TKaHWH), HeTpsIMi e(beKTH maHaeMii (ColliajibHi Ta
€KOHOMIUHi HacJlifK¥, HEeBU3HAUYEHICThb, CymnepeuinBa
iH(opMallis, HemoBipa, CTUTMATH3allis); TIOPYIIEHHS pO-
00TH MEAMYHUX CIIYXkO0 (Tpo0aeMU MCUXIYHOTO 310POB’A,
30iIbIIEHHST 3aXBOPIOBAHOCTI Ta CMEPTHOCTI, TSIKKICTb
IHIIMX 3aXBOPIOBaHb, HE JiarHOCTOBAHMX Ta BYACHO HE
npoJjikoBaHux) [7]. Takum 4yMHOM, mocTpaxkaaji BHACIIi-
nok aBapii Ha YAEC, ski nepexBopiin Ha KOPOHaBipyCHY
iHdexkiito (Severe acute respiratory syndrome coronavirus
2, SARS-CoV-2), € yHiKaJlbHUM 3pa3KoM s BCeOIUHUX
HEeHpOOIOJOTIYHUX Ta eMigeMioJOTiYHUX HOCHIIXEHb
panianiiino-COVID-acouiitoBanux po3snafis [8].
IToBHOMacIITaOHiI BiMiCbKOBI Aii, 1110 po3Moyajucs Ha
TepuTOpii YKpaiHM BHACTiZOK 30pOiiHOI arpecii pociiich-
Koi (peneparnii 24 motoro 2022 poKy MPU3BEIHN 10 TTOSIBU
MacIITaOHOTO CIEKTPY CTPECOPHMX (PAKTOPIB, 110 MPSIMO
Y1 OMTOCEPENKOBAHO BIUIMBAIOTh HA CTaH 3[I0POB’SI: CTpax,
HeraTUBHi eMollii, (bi3YHi Ta MCUXOJOTIYHiI TpaBMMU, IO-
PYILIEHHS CHY, TOJIOAYBaHHS, HEBUACHO BMSIBJICHI Ta/a00
HEIMpOoJIiKOBaHi 3aXBOPIOBAHHS, aHTUCAHITApisl BHACIIIOK
He TiIbKM MPOXMBAHHS B YMOBaX OKyIMalii 4yu mepeoy-
BaHHS y 30Hi O0MOBUX [iii, a i y HaCEJEeHUX MYHKTaXx, 110
3a3HaloTh 00CcTpiiB. [TpooHroBaHi eeKTH IIepeHeceHo1
COVID-19 HaknanamThCs Ha KOMILIEKCHY il0 CTPecop-
HUX (aKTOPiB, 1110 BAHUKJIM Mif Yac BiliHU, i MOXYTb CTa-
TH HOTYXHUMU YMHHUKAMMU TIOTipIIEHHS CTaHy 3I0POB’SI
Ta OMOJIOIKEHHSI MaTOJIOTiUHUX IPOLIECiB, OCOOJIUBO Y
BilicbkoBOCTYy:k00BLiB Cus1 o6opoHu Ykpainu (3CY).
KiiHiyHiI HaCTaHOBU 3 MEHEIXKMEHTY TOCTPOi KOPOHaBi-
PYCHOI XBOpOoOM po3po0JieHi Ta e€(PEeKTUBHO BIIPOBAIXKY-
I0ThCSl B pi3HMX KpaiHax cBiTy [9]. Ilpore muraHHS Bim-
TEPMiHOBaHMX HACiIKiB IMEePEeHEeCeHOI KOPOHAaBipyCHOI
iH(eKIIil 3aMuIaTbcs Habararo MEHI BUBYEHUMM, a
iCHY1OUi peKOMeH1allii 3 BeAeHHS TaKUX Ialli€HTIB JIiKapsi-
MU TIEpPBUHHOI JJAaHKM € HemocKoHaaumu [10]. Busnauen-
H$I Ta 1iarHOCTUYHI KPUTEPil ITOCTKOBITHOIO CUHIPOMY 3a-
JIMIIAIOThCS BKpail HEYiTKMMMU Ta IMCKYTabeabHUMU. Cho-
TOIHi 3a TepMiHaMU JABHUHM KJIiHIYHOI CUMMOTOMATUKU
NpU KOPOHAaBIpPYCHilA XBOpOOi pO3Pi3HSIOTH TOCTPU
COVID-19 (acute COVID 19) tpuBaticTio moHaa 3 TUXHi
3 MOMEHTY [NeOI0Ty 3aXBOPIOBaHHS, MiArOCTpUid (post-
acute COVID-19) no 12 TWXHIB 3 MOMEHTY BUHUKHEHHS
CUMIITOMATUKM, a TAKOX XPOHIYHUI ab0 AOBroTpyUBaIuii
COVID-19 (chronic COVID-19, «long COVID») Tpu-
BaJTIiCTIO MOHA, 12 TUXKHIB 3 MOMEHTY AeOI0TY 3aXBOPHOBAH-
s [10]. CtanoMm Ha 2024 pik Bxe icHye psim mediHilii
COVID-19-acoriitoBaHuX CTaHiB, SIKi OIMCYIOTh MOJIIOP-
raHHY MaTOJIOTiI0 Ta CUMITTOMOKOMIIJIEKCHU Y TMAalli€HTIB,
SIKi IEPEHECIIU TOCTPY KOPOHaBIpYCHY XBOPOOY, 30Kpema:
» TpuBajia KopoHaBipycHa xBopoba (Long COVID) — 03-
HakKu, CUMIITOMM Ta CTaHM, SIKi TpUBalOTh a00 pO3BUBaA-

monia, tissue damage), indirect effects of the
pandemic (social and economic consequences,
uncertainty, conflicting information, distrust,
stigmatization); disruption of health services
(mental health problems, increased morbidity
and mortality, and the severity of other diseases
not timely diagnosed and treated) [7]. Thus, per-
sons suffered due to the Chornobyl accident
recovered from coronavirus infection (Severe
acute respiratory syndrome coronavirus 2,
SARS-CoV-2) appear to be a unique model for
comprehensive neurobiological and epidemio-
logical studies of radiation-COVID-associated
disorders [8].

The full-scale military operations that began on
the territory of Ukraine as a result of the armed
aggression of the Russian Federation on February
24,2022, led to the emergence of a wide range of
stressors that directly or indirectly affect health:
fear, negative emotions, physical and psychologi-
cal trauma, sleep disturbances, hunger, late
detected and/or untreated diseases, and unsani-
tary conditions due not only to living under occu-
pation or in the combat zone, but also in settle-
ments under fire. The prolonged effects of
COVID-19 pandemic are superimposed on the
complex effect of stressors that arose during the
war and can become powerful factors in deterio-
rating health and rejuvenating pathological
processes, especially in the military of the Ukrai-
nian Defense Forces (the Armed Forces of
Ukraine, AFU).

Clinical guidelines for the management of
acute coronavirus disease have been developed
and are being effectively implemented around the
world [9]. However, the issues of delayed conse-
quences of coronavirus infection remain much
less well understood, and the existing guidelines
for the management of such patients by primary
care physicians are imperfect [10]. The definition
and diagnostic criteria for post-COVID syn-
drome remain extremely unclear and controver-
sial. Today, according to the duration of clinical
symptoms in coronavirus disease, acute COVID-
19 (acute COVID 19) lasting more than 3 weeks
from the date of the disease debut, subacute
COVID-19 (post-acute COVID-19) up to 12
weeks from the date of symptom onset, and
chronic or long-term COVID-19 (chronic
COVID-19, «dong COVID») lasting more than
12 weeks from the date of the disease debut, are
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IOThCH Micst mepBUHHOI iH(eKIii SARS-CoV-2 i TpuBa-
10Tb Oinblie 4 TUxXHIB [11];

» Ticisgroctpi Hacminku iHgekii SARS-CoV-2 (Post-
acute sequelae of SARS-CoV-2 infection, PASC) — tpu-
BaJli, peuuAMBYIOYi 800 HOBi CUMITTOMM UM KJTiHIYHi cTa-
HU, 110 BUHUMKAIOTh yepe3 30 abo Oijiblue AHIB Mics
ingikyBanasg SARS-CoV-2 [12];

» craH niciasgs COVID-19 (Post-COVID-19 condition) —
CUMIITOMM, 1O MPOSIBISIIOTLCS Yepe3 3 Micslli Bim 1mo-
yatky COVID-19, ski TpuBalOTh HE MEHILE 2 MICSLIB i
He MOXYTb OYTH TIOSICHEHI iHIMMM miarHo3amu [13];

» moctkoBigHUI cuHapom (Post-COVID syndrome) —
CUMIITOMHU, $SIKi HE ITOSICHIOIOTBhCS aJbTepPHATUBHUM
JiarHO30M i 30epiraroThbcs MoHam 12 TUXXKHIB Mic/Is Iepe-
HeceHoro roctporo COVID-19 [14];

» cumnTomatudyHuii COVID-19, mo tpuBae (Ongoing
symptomatic COVID-19) — cumnTomu, siKi He TTOSICHIO-
IOThCSI aJIbTepHATUBHUM JiarHO30M i 30epiratoThbcsi Mpo-
TITOM 4—12 TWXHIB MicJIs MEepeHECEeHOro TOCTPOTro
COVID-19 [14].

3 orjisiay Ha iCHYBaHHSI 3HAYHOI TePMiHOJIOTIUHOI He-
BU3HAYEHOCTI Ta CHipHUX MOUTaHb Yy AU@epeHLiiHii
nIiarHOCTULIl BMIIIE3a3HAaYCHMX CTaHIB, Hamajali B JaHIU
pobOTi 0OCTEXEHI HaMU TALIIEHTH, SIKi TTEPeXBOPLIM Ha
KOPOHaBipyCHY XBOpPOOY, OYIyTh Ha3MBAaTUCh «PEKOHBA-
JieclieHTaMU KopoHaBipycHoi xBopoou (COVID-19)».

HesBaxatoun Ha 1e, mo COVID-19 e indexkuitnum
3aXBOPIOBAHHSIM, SIK€ Bpaxka€ B OCHOBHOMY JIET€Hi, pO3-
BUTOK ITOJTiIOPTaHHOI CUMIITOMATUKM IIPU LILOMY ITOTpe-
Oye MiXIMCUMILIIHAPHOIO IiAXO0My, SKMKU OXOILIIOE
OpakTUYHO BCi Trajy3i BHYTPIilIHbOI MEIULIMHU Ta
repiatpii [15]. Icnye rinote3a, mo Bipyc SARS-CoV-2
BUKJIMKAE 3allaJIbHUM MPOLEC Y CYOIUHHOMY pyCii, 110
MOXe OyTM NPUUYMHOIO MEPCUCTYIOUMX CUMIITOMIB, SIKi
criocTepiraoThest y pekonBajiecueHTtiB COVID-19 [16].
CranoM Ha 2024 pik, epeKTMBHOIO I10Ka30BOIO JIiKy-
BaHHSI BHUIE3a3HAUYEHUX CTaHiB Ile He icHye. Tomy
iHAMBiAyani3oBaHe BeACHHS IalliEHTa BUMAara€ MyJabTy-
JUCUMILIIHAPHOIO KJiHiYHOro miaxoay [17].

barato pexoHBajeCLIeHTIiB KOpOHaBipyCHOI XBOPOOU
JNEMOHCTPYIOTh aHOMAaJIbHY eJIeKTpoeHledarorpadiyHy
(EET’) akTUBHICTbh, acOUiiOBaHY 3 CUMITOMOKOMILIEK-
COM TaK 3BaHOTO «MO3KOBOT0 TyMaHy» (brain fog) [18] Ta
JIETKi KOTHITMBHI MOpYILIEHHS HaBiThb 4yepe3 KiJibKa
MicsLiB Ticast roctpoi ¢dasu iHdekuii. Brepiue mpo
KiJIbKa MOCTiH(EeKUiMHUX, iIMOBIPHO, ayTOIMyHHUX YCK-
nagHeHb COVID-19 3 ypaxkeHHSIM roJIOBHOIO MO3KY Ta
nepudepruuHOi HEPBOBOI CUCTEMU TTOBIZOMJISIIOCH 1IIE Y
2020 poui [19, 20], 30kpemMa Tpo PO3BUTOK Y PEKOHBaA-
JIECLIEHTIB KOPOHAaBipyCHOI XBOPOOU XPOHIYHOI BTOMM,
OPTOCTAaTUYHOTO 3aIllaMOPOYEHHS i MO3KOBOTO TyMaHY,

classified [10]. As of 2024, there are already a
number of definitions of COVID-19-associated
conditions that describe multiorgan pathology and
symptom complexes in patients who have had
acute coronavirus disease, in particular:

» Long-term coronavirus disease (Long COVID)
is signs, symptoms, and conditions that persist or
develop after primary SARS-CoV-2 infection and
last more than 4 weeks [11];

» Post-acute sequelae of SARS-CoV-2 infection
(PASC) are prolonged, recurrent, or new symp-
toms or clinical conditions that occur 30 days or
more after SARS-CoV-2 infection [12];

» Post-COVID-19 condition is symptoms that
appear 3 months after the onset of COVID-19, last
for at least 2 months and cannot be explained by
other diagnoses [13];

» Post-COVID syndrome is symptoms that cannot
be explained by an alternative diagnosis and persist
for more than 12 weeks after acute COVID-19 [14];
» Ongoing symptomatic COVID-19 is symptoms
that cannot be explained by an alternative diag-
nosis and persist for 4—12 weeks after acute
COVID-19 [14].

Due to significant terminological uncertainty
and controversial issues in the differential diagno-
sis of the above-metioned conditions, the exam-
ined patients who had coronavirus disease will be
referred to as «coronavirus disease (COVID-19)
convalescents» in the following.

Even though COVID-19 is an infectious disease
that mainly affects the lungs, developing multior-
gan symptoms requires an interdisciplinary
approach that covers almost all areas of internal
medicine and geriatrics [15]. It is hypothesized that
the SARS-CoV-2 virus causes an inflammatory
process in the vascular bed, which may cause per-
sistent symptoms observed in COVID-19 convales-
cents [16]. As of 2024, there is no effective evi-
dence-based treatment for the above conditions.
Therefore, individualized patient management
requires a multidisciplinary clinical approach [17].

Many coronavirus survivors demonstrate abnor-
mal electroencephalographic (EEG) activity asso-
ciated with the so-called «brain fog» symptom
complex [18] and mild cognitive impairment even
months following the acute phase of infection.
Several post-infectious, probably autoimmune
complications of COVID-19 with brain and
peripheral nervous system damage were first
reported in 2020 [19, 20], including the develop-
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110 BiAIOBiIalOTh CUHAPOMY OPTOCTATUYHOI TiMoIep-
(dysii (orthostatic hypoperfusion syndrome, OCHOS) ta
bosicHOI TepudepnuHoi HeliponaTii IpiOHNX BOJIOKOH
(small fiber neuropathy, SFN) [21]. ITouaTKkoBi 3BiTH
OIMMCYBaJIM TOIIMPEHICTh TPUBAJIOIO Tepediry Kopo-
HaBipycHoi xBopoou y 10—30 % mnauieHTiB 31 CBLXKUM
anamHe3oM iHdexii SARS-CoV-2, Bkioyaioun Jiere-
HeBi, HUPKOBI, ceplLieBO-CyIMHHi, iMyHOJIOTiUHi, reMa-
TOJIOTiYHi, HEHPOIICUXiaTpUYHi, IITYHKOBO-KHUIIIKOBI Ta
JIepMaTOJIOTiUHI ypaxkeHHsI, a TaKOX XPOHiUHi MYJIBTH-
CHCTEMHI 3amaJibHi CUHAPOMH Y HmiTel i qopocaux [20].

OcranHii cucremMaTudHUM orisia 2024 poKy rpyIm eKc-
neprtiB 3 CIA, Typeuunnu, Ywii, ApreHTuHu, Ipaanmii
ta Iranii, onybjikoBaHuit B xXypHai Alzheimer’s & De-
mentia, 1okas3aB, 110 aHOMaJlii eJleKTpoeHLedaTorpaMmu
(EEI) y cTaHi crtokolo BKJII0Yal0Th AU(Y3HE YITOBiITbHEH -
Hs1 EET (3HUXeHHS aibha-puTMy; 301IbIIEHHS MOBLIb-
HUX XBWJIb) Ta €MiJIeNTU(POPMHY aKTUBHICTb, SIKi CIOC-
TEpIiraloTbCsl y 0aratbOX MAILiEHTIB BIIPONOBX MIiCHIIiB
niciis nepeHeceHoi roctpoi craaii COVID-19. [pencras-
JIeHi TepeKOHJIMBI 10Ka3M TOro, 1o AediluT KOTHITUB-
Hux ¢yHkuin yeped COVID-19, a Takoxx xBopoOy Ajbli-
reiiMepa i mos’s13aHy 3 Heto JeMeHIio (Alzheimer’s dis-
ease and related dementia, ADRD) crnipuynHeHunii me-
pEeXpeCHUMHM MaTOJOTiIMU Ta HelpodiziomoTiyHUMU
BimxuneHHsmu [22]. dobpe Bimomo, mo Mapkepu EEI
CBimuaTh mpo Hecrnenn@ivyHi 3MiHM B aKTMBHOCTI Heli-
POHHUX MepeX, BUKJIMKaHi OCHOBHMMMU HeliponereHepa-
TUBHUMHU a00 CYIMHHUMU 3MiHaMu [23, 24] Ha paHHiX
CTalissX KOTHITUBHMX MOPYIIEHb [25, 26].

Anowmanii EEI, 1mo criocrepiraloThCsl y Mali€HTIB 3
COVID-19, HaranyrTb Ti, 1110 CIIOCTEPiraloTbCsl Ha paH-
HiX cTafisix HelpolereHepaTHUBHUX 3aXBOPIOBaHb, 30K-
pema ADRD. Ilpunyckaiots, 1o noaioHi aHomainii EET
npu Long COVID ta ADRD o0yMoBIeHi TTapajieTbHUM
Helipo3anajaeHHSIM, peaKTUBHICTIO aCTPOLUTIB, TiMOKCi-
€10 Ta HEUPOBACKY/ISIPHUM MOIIKOKEHHSIM [22]. Putmu
KEEI' npu nposeneHHi 3anucy EEI B cTaHi crnokoio
(resting state electroencephalography, rsEEG) € ano-
MaJIbHUMM Y TIALIIEHTIB, SIKi CTpaxKAaloTh HA TPUBAIUM
COVID Ta mMaioTh «MO3KOBUIA TyMaH»: Y IIMX 0cCi0 crroc-
Tepira€ThCsl BOTHUILIEBE a00 OM(y3HE YMOBUIbHEHHS
putMmiB EEI, 3 HaliOiIb110I0 BUPAXKEHICTIO B JIOOHUX [i-
nsgHKax [27, 28]. Lle yroBibHEHHST MOXe OYTH KiJTbKiCHO
OLIiIHEHO 3a JIOTIOMOTOI0 CITEKTPaTbHOTO aHali3y PUTMIB
1SEEG sk auy3HOro 30i1blIEeHHS CIIEKTPaabHOI MOTYX-
HOCTI LiepeOpaibHOI 0i0eJIeKTPUYHOI aKTUBHOCTI HA HU3b-
KHX 4acToTax, Takux sk genbra (< 4 Iir) i reta (4—7 Ii), a
TAKOX 3HMIKEHHSI CIIEKTPaIbHOI ITOTYKHOCTI Ha BUILMX
anbda (8—12 Iir) i 6era (13—30 Iix) yactorax [22]. B oci0,
nocTpaxknanmx BHacigok asapii Ha YHAEC (YJIHA), a

ment of chronic fatigue in coronavirus convales-
cents, orthostatic dizziness and brain fog, which
correspond to orthostatic hypoperfusion syndrome
(OCHOS) and painful small fiber neuropathy
(SFN) [21]. Initial reports described the preva-
lence of long-term coronavirus disease in 10-30 %
of patients with a recent history of SARS-CoV-2
infection, including pulmonary, renal, cardiovas-
cular, immunologic, hematologic, neuropsychi-
atric, gastrointestinal, and dermatologic lesions, as
well as chronic multisystem inflammatory syn-
dromes in children and adults [20].

A recent 2024 systematic review by a team of
experts from the United States, Turkey, Chile,
Argentina, Ireland, and Italy published in the jour-
nal Alzheimer’s & Dementia found that resting-
state electroencephalogram (EEG) abnormalities
include diffuse EEG slowing (decreased alpha
rhythm; increased slow waves) and epileptiform
activity, which are observed in many patients for
months after the acute stage of COVID-19. Strong
evidence has been presented that cognitive deficits
due to COVID-19, as well as Alzheimer’s disease
and related dementia (ADRD), are caused by
overlapping pathologies and neurophysiological
abnormalities [22]. It is well known that EEG
markers indicate nonspecific changes in neural
network activity caused by underlying neurode-
generative or vascular changes [23, 24] in the early
stages of cognitive impairment [25, 26].

The EEG abnormalities found in patients with
COVID-19 resemble those observed in the early
stages of neurodegenerative diseases, including
ADRD. It is assumed that similar EEG abnormal-
ities in Long COVID and ADRD are due to paral-
lel neuroinflammation, astrocyte reactivity, hypo-
xia, and neurovascular damage [22]. Resting-state
electroencephalography (rsEEG) rhythms are
abnormal in patients with long-term COVID and
brain fog: these patients have focal or diffuse slow-
ing of EEG rhythms, with the greatest severity in
frontal areas [27,28]. This slowing can be quanti-
fied by spectral analysis of sSEEG rhythms as a dif-
fuse increase in the spectral power of cerebral bio-
electrical activity at low frequencies, such as delta
(<4 Hz) and theta (4-7 Hz), and a decrease in
spectral power at higher alpha (8§—12 Hz) and beta
(13—30 Hz) frequencies [22]. We have described
similar electrophysiological abnormalities in peo-
ple affected by the Chornobyl accident (clean-up
workers), as well as in workers at the «Shelter»
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TaKOX Yy MpaliBHUKIB 00’€KTY «YKPUTTS», HAMU OITUCY-
BaJIMCh MOAIOHI efeKTpodizionoriyHi BiaxuiaeHHs, sKi Oy-
JIM acollifioBaHi K 3 mi€ro 1B, Tak i 3 KOMIUIEKCOM iHIIIMX
HECIIPUSITIMBUX YMHHMKIB HepalialliiHOI IpUpPOAU BHA-
caigok YopHobuiabcbKkoi katactpodu [29—33]. Kpim To-
ro, BriuB 1B Ta BipycHOI iH(eKIIil Ma€e CITiIbHI «opranu /
TKaHUHM-MIIIIeHI», a TaKOX YUHUTb HECHPUSITIUBUIA
BIUIMB Ha OpTraHi3M JIIOAUHU 4Yepe3 IepexpecHi abo
CITUTbHI JIAHKW KacKajay B3a€MOIMOB’si3aHMX MaTodizio-
JIOTIYHMX MeXaHi3MiB [34].

3a JaHUMM TTO3UTPOHHO-eMicitiHoi Tomorpadii (ITET), y
MOPiBHSIHHI 3i 3IOPOBUMU CYO €KTaMM TMALliEHTH 3 TPUBa-
Joro COVID-19 nemMoHcTpyBasl ABOCTOPOHHI TimoMmeTa-
0oJ1i3M y OijlaTepalibHil MpsMilt / opOiTajbHii 3BUBHHI,
BKJIIOUAKOUM HIOXOBY 3BMBHMHY; IpaBiii CKPOHEBIii yacTLi,
BKJIIOYAIOYM MUTJAJIMHY Ta TiMOKaMIl, 110 MPOCTITa€ThCs
JI0 TIpaBOro Tajamyca; y MO3KOBOMY CTOBOYpi Ha piBHi
MOHTO-LIepeOeISIpHUX 3B’SI3KiB; a TaKOX OijaTepajabHO Y
M0304Ky (p-Bokcenb < 0,001 HeBUIIpaBIeHUI, p-KIIacTep
< 0,05 Bunpasnenuii FWE). Lli meTtabo:iuHi kKitactepu Oy-
JI BUCOKO AVCKPUMIHAHTHUMM [IJISI PO3Pi3HEHHS IIalli-
€HTIB i 3mopoBux oci6 (100 % npaBuibHa Kiacudikalis).
ITpucyTHiCTh BKa3aHUX 30H rinoMeTado0J1i3My OyJia CyTTEBO
MOB’s13aHa 3 OiIBIIT YMCIAEHHUMU (DYHKIIIOHATLHUMU CKap-
raMu, i BCi BOHM MOB’$S13aHi 3 MOSBOIO TIEBHUX CUMIITOMIB
(rimocmist / aHOCMis1, TIOpYILIEHHS MaM’$ITi / KOTHITUBHUX
dyHKii, 6116 Ta 6e3coHH) (p < 0,05) [35]. 3a3HayeHe mae
MPUBiA TpakTyBaTU IOJIMOpPGHY HeUpoIcuxiaTpuuHy
CUMIITOMATUKy Yy 0araThOX MAlLi€HTIB 3 IOCTKOBIIHUM
CHUHAPOMOM (30KpeMa, CUHAPOM XPOHiYHOI BTOMM, MaHiy-
Hi Ta IenpecyBHI pO3Iaan, TICUXOTUYHI eTTi3011) SIK TIPOsI-
BHU JIiIMOIYHOI eHledasonarii 3 opraHiuHUM ypaxkKeHHSIM
MiIKipKOBUX Ta Meaio0a3albHUX BiAAiJliB CKPOHEBUX Yac-
TOK TOJIOBHOTO MO3KY, B OCHOBIi SIKOi JIeXKaTh ITaTOTeHE-
TUYHI ME€XaHi3MU, TIPO SIKi 3raayBajloch BUIIIE.

Ha Hain norisii, nepcrieKTMBHUMMU IS 1ialrHOCTUKU Ta
00’eKTUBI3allii 3a3HAYEHUX YpaXeHb, OLIHKU e(PEKTUB-
HOCTi JIiKyBaJIbHUX 3aXO[iB, TMHAMIYHOIO CIIOCTEPEKEH-
HS 3a Tali€HTaMM € felieBi, Oe3reyHi Ta HeiHBa3WBHI
Helipo@iziosoriuHi MeToau 00CTEXEeHHS, SIKi JO3BOISIOThH
00’€KTUBHO OLIIHUTU (DYHKIIIOHYBAaHHSI TOJJOBHOTO MO3KY
JIIOIMHY B HOPMI Ta 3a pi3HUX NATOJOrYHUX CTaHiB. BoHU
BKJTIOUAIOTh B cebe KiJIbKICHY eJleKTpoeHIIedatorpadito
(KEET), cnyxoBi BUKJIMKaHi TTOTEHIIia T MO3KOBOTO CTOB-
oypa (CBIIMC), coMaToCEeHCOpPHi BUKJIMKAHi TOTEH-
wianu (CCBII), 30poBi BUKJIMKaHi IMTOTEHLia X HA peBep-
cuBHMit waxosuii natepH (3BITLLIT) [36—38], a Takox
fNIRS [39], sk anbrepHaTUBY OiJIbIII BAPTiICHUM METOJIaM
(byHkIioHanbHOI HelpoBizyaizauii, Takum sk [1ET Ta
GMPT. Ilpouenypa nociimkeHHss putMmiB KEEI' y crani
MMaCMBHOIO HECMaHHS 100pe OIMcaHa Ta CTaHIapTU30Ba-

object, associated with both the effects of IR and
a complex of other adverse non-radiation factors
due to the Chornobyl disaster [29—33]. In addi-
tion, the effects of IR and viral infection have
common «target organs/tissues» and also harm
the human body through cross or common links
in the cascade of interrelated pathophysiological
mechanisms [34].

According to positron emission tomography
(PET), compared to healthy subjects, patients
with prolonged COVID-19 showed bilateral
hypometabolism in the bilateral rectus/orbital
gyrus, including the olfactory gyrus; the right
temporal lobe, including the amygdala and hip-
pocampus, extending to the right thalamus; in the
brainstem at the level of the pontocerebellar con-
nections; and bilaterally in the cerebellum (p-
value < 0.001 uncorrected, p-cluster < 0.05 cor-
rected FWE). These metabolic clusters were high-
ly discriminative for distinguishing between
patients and healthy subjects (100 % correct clas-
sification). The presence of these zones of
hypometabolism was significantly associated with
more functional complaints, as well as with the
appearance of certain symptoms (hyposmia/
anosmia, memory/cognitive impairment, pain,
and insomnia) (p < 0.05) [35]. The above gives
reason to interpret polymorphic neuropsychiatric
symptoms in many patients with post-COVID
syndrome (in particular, chronic fatigue syn-
drome, panic, depressive disorders, and psychotic
episodes) as manifestations of limbic encepha-
lopathy with organic damage to the subcortical
and mediobasal regions of the temporal lobes of
the brain, which is based on the pathogenetic
mechanisms mentioned above.

In our opinion, cheap, safe, and non-invasive
neurophysiological methods of examination
allowing to objectively assess the functioning of
the human brain in normal and various patholog-
ical conditions, are promising for diagnosing and
objectifying these lesions, evaluating the effective-
ness of treatment measures, and monitoring
patients dynamically. They include quantitative
electroencephalography (QEEG), auditory brain-
stem evoked potentials (ABEPs), somatosensory
evoked potentials (SSEPs), visual evoked poten-
tials to the reversed checkerboard pattern (VEPs)
[36—38], and fNIRS [39] as an alternative to more
expensive functional neuroimaging methods such
as PET and fMRI. The study of EEG rhythms in
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Ha MixHapoaHoo deaepalielo 3 KIiHIYHOI Heli-
podiziosorii  (International Federation of Clinical
Neurophysiology, IFCN), 1110 BinmoBigae cydacHUM CTaH-
JapraM noka3oBoi MeauuuHM [40]. 3a3HaueHe OOYMOB-
JIIOE HEOOXiAHICTh MTPOBEAESHHS JaHOTO AOCTiIKEHHS.

META JOCIIJIZKEHHA

IIpoBecTn kniHiKO-HelpodizionoriuHe oOCTEXKEHHS
VIJIHA na YAEC Ta BilicbkoBocayk00BLiB Cui O60po-
Hu Ykpainu (3CY), gKi nepexBopiid Ha KOPOHABIpyCHY
xBopoOy (COVID-19) Ta oci6 BiZmoBigHUX TpyIl
MOPiBHSIHHS 3 METOI0 BHUBYEHHS BIUIMBY BildaJeHMX
HaCJIiaKiB [ii iOHi3yI0UOTro BMIIPOMiIHIOBAHHS, MCUXOE-
MOLIITHOTO CTpecy Ta MHepeHeceHOl KOPOHaBipyCHOIL
iHgeKIIii Ha cTaH HepeOdpaTbHOro (PYHKIIIOHYBAHHSI.

MATEPIAJIM I METOJIN

Bnoponos:xk 2022—2024 pokiB 3a po3pobjeHUM yHi(iko-
BaHUM IPOTOKOJIOM 3 BUKOPHMCTAaHHSIM KBaHTHU(]iKOBa-
HUX KJIIHIYHUX HEWPONCUXiaTPUUHUX, HEWPOIICUXO-
JIOTIYHUX, HEWPO- Ta TMCUXO(Pi3ioJOriYHUX I CTATUCTUY-
HUX METOMIB y Bimmili pamialliiiHOI MCUXOHEBPOJIOTii
IrctuTyTy )miniunoi pamiosorii (IKP) IepxxaBHoi ycTa-
HoBU «HallioHanbHMIT HAYKOBUIA LICHTP padialliiiHOi Me-
JUILIMAHM, TeMaToJjorii Ta oHkoJjorii HamioHanbHOI aka-
nemii MeauuyHMX HayK Ykpainw» (HHIIPMI'O) 6yno
npoBeaeHe MPOCIEKTUBHE KJIiHIUHE JOCIIIKEeHHS: 00C-
TexkeHo 82 ocobu, 3 Hux YJIHA na YAEC, gki nepex-
BOpiIM Ha KOpoHaBipycHY xBopoOy «COVID+» — 65
oci6 (61 ocoba yooBivyoi Ta 5 0cib XiHOYOI CTaTi), a Ta-
KOX 34 HeorpomiHeHUX ocid (32 ocobu JoioBivoi Ta 2
ocobu XiHoyoi craTi). [JogaTkoBo Oyj10 o0cTexeHo 35
BilicbkoBoCTy>k00B1iB 3CY 4YoJIOBiUOi cTaTi, sKi Tepe-
OyBaji Ha 0OCTEKEeHHi Ta peadiiTalliiiHOMY JIiKyBaHHi B
Kminini HHIPM, 3 gaxux 20 oci6 mepexBopiim Ha
COVID-19 y 2020—2022 pokax (rpyna BiliCbKOBOCITYX-
00BI1iB 3CY «COVID+»), a 15 o6cTexXeHnX He XBOPiIu
Ha KOpPOHAaBipyCHY XBOpoOy (rpymna BiliCBKOBOCTYX-
60B11iB 3CY «COVID-»).

3 METOI0 JOKA30BOTO MapajebHOIo 3icTaBIeHHS 00C-
TEeXXEHUX BUOIPOK 3a BiKOM, CTaTTIO, OCBITHIM i Mpode-
CITHMM piBHEM UISI TTOJAJIBIIOIO €KCIIEPTHOIO CTaTHC-
TUYHOIO aHaJli3y HamMu OyJo BigiopaHo 89 ocib 4os0Bi-
4oi cTaTi Ta chopMOBAHO YOTUPU TPYIU OOCTEKEHHS:

1) OcnHoBHa rpyna — 30 YJIHA na YAEC, sxi nepex-
BOpiIM HAa KopoHaBipycHY xBopooy (YJIHA COVID+),
sIKi Opasiv y4yacTh Y JIiKBijalil HacaigkiB aBapii Ha Yop-
HOOMJBbCHKin aToMHiil enekTpoctaHuii (YAEC) vy
1986—1990 pokax, 40I0BiUOi CTaTi, SIKi IMepexBOPiIK Ha
COVID-19 y 2020—2022 pokax, y Billi HA MOMEHT 00cC-
texxeHHs 52—70 pokiB (M £ SD: (56,1 £ 3,7) pokiB) i3

passive wakefulness is well described and standard-
ized by the International Federation of Clinical
Neurophysiology (IFCN), which meets modern
standards of evidence-based medicine [40]. This
necessitates the conduct of this study.

OBJECTIVE OF THE STUDY

To conduct a clinical and neurophysiological exam-
ination of the Chornobyl clean-up workers and mil-
itary personnel of the Armed Forces of Ukraine
(AFU) who had coronavirus disease (COVID-19)
and individuals of the corresponding comparison
groups to study the impact of long-term effects of
ionizing radiation, psychoemotional stress, and
coronavirus infection on cerebral functioning.

MATERIALS AND METHODS
During 2022—2024, according to the developed
unified protocol, a prospective clinical study was
conducted using quantified clinical neuropsychi-
atric, neuropsychological, neuro- and psy-
chophysiological, and statistical methods at the
Department of Radiation Psychoneurology of the
Institute for Clinical Radiology (ICR) of the State
Institution «National Research Center for Radia-
tion Medicine, Hematology and Oncology of the
National Academy of Medical Sciences of Uk-
raine» (NRCRMHO): 82 people were examined,
including 65 Chornobyl clean-up workers (61 men
and 5 women) who had contracted the coronavirus
disease (COVID+) and 34 non-affected people
(32 men and 2 women). Additionally, 35 male ser-
vicemen of the Armed Forces of Ukraine were
examined and underwent a course of rehabilitation
treatment at the NRCRMHO Clinic, of whom 20
had COVID-19 in 2020—2022 (COVID+ group of
servicemen of the Armed Forces of Ukraine), and
15 did not have coronavirus disease (COVID- group
of servicemen of the Armed Forces of Ukraine).
For evidence-based parallel comparison of the
surveyed samples by age, gender, educational and
professional level, we selected 89 male subjects for
further expert statistical analysis and formed four
survey groups:
1) Main group — 30 male Chornobyl clean-up work-
ers who contracted coronavirus disease (COVID+
survivors), who participated in the liquidation of
the consequences of the Chornobyl Nuclear Power
Plant (ChNPP) accident in 1986-1990, who con-
tracted COVID-19 in 2020—2022, aged 52—70
years at the time of the examination (M = SD:
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JIOKYMEHTOBAHOIO 103010 30BHIIITHLOTO OTIPOMiHEHHS
0,01-0,82 3B npu cepenHiii apumMeTnuHii 1o3i (0,36 +
0,32) 3B, cepenniit reomeTpnaHiii 103i 0,21 3B, MemiaH-
Hiil mo3i — 0,25 3B. PiBenb antutin IgG nmo SARS-
CoV-2 B VJIHA Ha YAEC «COVID+» cTtaHOBUB
(7,98 = 2,08, miama3oH 5,16—9,36 y.0.).

2) fx rpymy Ho3o0moriuHOTO KOoHTpOoJo (I'HK) Ha 06a3i
Bigminy paniauiitHoi micuxonesposorii IKP HHIIPM
npotsirom 2020—2022 pokiB obcTexxeHo 24 ocodu 4o-
JIOBiYO1 CTaTi 3 Bepu(iKOBAHOI XPOHIYHOI HEAOC-
TaTHICTI0O MO3KOBOTO KpoBoobiry (XHMK), gki He
3a3HaJIM BIUTMBY JIKepes iOHi3ylI04oro BMITPOMIHIO-
BaHHS, BIUIMBY MICUXOEMOLIIAHOIO CTpecy, OB’ sI3aHO-
ro 3 MOBHOMACIITAOHOIO BiliHOIO, Ta HE XBOPiIM Ha
COVID-19. Cepenniii BiK 00CTeXXeHUX CTaHOBUB
(54,5 £ 4,6) poxkiB (mianazon 50—70 pokiB).

BiiicbkoBocnyx06oBLi 3CY, 3a1exXHO Big HasBHOCTI
COVID-19 B aHaMHe3i, Oyau po3modijieHi Ha 2
nigrpynn: «COVID+» i «COVID-».

3) o rpymnu BificbkkoBocayk00B1iB 3CY «COVID+»
yBilium 20 oci6, ski nepexsopinm Ha COVID-19 y
2020—2022 pokax, y Billi HA MOMEHT OOCTEXEHHS
28—60 pokiB (M %= SD: (37,7 £ 9,0) pokiB)

4) 15 obcTexeHUX OcCiO, SKi HE XBOPIIM Ha KOPO-
HaBipyCHY XBOpOOY, CTaHOBUWJM TPymny BiliCBKOBOC-
nyx00B1iB 3CY «COVID-» y Billi HA MOMEHT 00CTe-
xkeHHst 29—60 pokiB (M £ SD: (39,8 £ 9,8) pokiB).
Pisenn antutin 1gG mo SARS-CoV-2 y BilicbkoBO-
cayx06oBLiB 3CY «COVID+» — (7,96 + 2,08, niarma3oH
8,20-9,25y.0.), ay «COVID-» — (2,04 £ 1,26, niamna-
30H 0,08—3,94 y.0.).

HiarHOCTUKY po37a/1iB MCUXiKH i MOBEAIHKM Ta 3aX-
BOpPIOBaHb HEPBOBOI CHUCTeMU 3AiCHIOBAIW 3a Jiar-
HOCTMYHUMU pyOpukamu i kareropisimu MKX-10.
Heiipodizionoriuni gocmigkeHHsI CIIOHTaHHOI 1Ieped-
paJibHOI 0ioeJIeKTPUYHOI aKTUBHOCTI (CIEKTpaIbHUM
a”aiiz KEED) mpoBoauau aist OiHKY LiepedpaibHUX
¢yHK1il y ctaHi nacuBHoro HecraHHs (rsEEG). i
JocaigkeHHsT BUKOHyBaiu B KabOiHeri EEI Bigmimy
pamianifinoi mcuxoHeBpoJiorii IKP HHIIPMI'O B
Meplliii MOMOBUHI AHS y CTaHi MACMBHOTO HECIaHHS
nauieHTa. Peectpauito EEI" BUKOHyBaiu 3a 1OMTOMO-
rol0 KOMIT'IOTepHOTO 24-KaHaJIbHOTO €JIeKTPOCHIIE-
danorpapa «BRAINTEST» BupoOHMIITBA HAyKOBO-
BUpoOHUYOro minnpueMmctBa «DX-cucremu» (YK-
paiHa). PeecTpalito 6ioe1eKTpUYHOI aKTMBHOCTI TO-
JIOBHOTO MO3KY MPOBOAWIM 32 TOIIOMOIOI0 YaIlleyKO-
BUX CcpiOHO-XJTopcpioHUX enekTpoaiB (Ag—AgCl),
HakJIalIeHUX 3a goromororo JitieBoro remo. EED 3a-
n278vcyBaii MOHOIOJSIPHO BiAMOBiAHO A0 MixHa-
ponHoi cucreMu «10—20», KOHCTAHTY 4Yacy BCTaHOB-

(56.1 £ 3.7) years) with a documented external radi-
ation dose of 0.01—0.82 Sv with an arithmetic mean
dose of (0.36 £ 0.32) Sv, geometric mean dose of
0.21 Sv, and median dose of 0.25 Sv. The level of IgG
antibodies to SARS-CoV-2 in the Chornobyl clean-
up workers «COVID+» was (7.98 = 2.08, range
5.16—9.36 units).

2) As a nosological control group (NCG), 24 men
with verified chronic cerebrovascular disorder
(CVD) who were not exposed to radiation sources,
psychoemotional stress associated with a full-scale
war, and did not have COVID-19 were examined at
the Department of Radiation Psychoneurology of
the ICR NRCRMHO in 2020—2022. The average
age of the subjects was (54.5 £ 4.6) years, (range
50—70 years).

The AFU servicemen were divided into 2 sub-
groups, depending on the presence of COVID-19 in
their anamnesis: «COVID+» and «COVID-».

3) The COVID+ group of AFU servicemen includ-
ed 20 people who contracted COVID-19 in
2020—2022, aged 28—60 years at the time of the
examination (M £ SD: (37.7 £ 9.0) years).

4) 15 examined persons who did not have coron-
avirus disease constituted a group of «COVID-»
AFU servicemen aged 29—60 years at the time of the
examination (M * SD: (39.8 & 9.8) years). The level
of IgG antibodies to SARS-CoV-2 in the
«COVID++» group of the Armed Forces of Ukraine
was (7.96 £ 2.08, range 8.20—9.25 units), and in the
«COVID-» group — (2.04 = 1.26, range 0.08— 3.94
units).

The diagnosis of mental and behavioral disorders
and diseases of the nervous system was carried out
according to the diagnostic rubrics and categories of
ICD-10. Neurophysiological studies of spontaneous
cerebral bioelectrical activity (spectral analysis of
QEEG) were performed to assess cerebral functions
in the state of passive wakefulness (rsSEEG). These
studies were performed in the EEG room of the
Department of Radiation Psychoneurology of the
ICR NRCRMHO in the morning time in the
patient’s passive wakefulness. EEG recording was
performed using a 24-channel computer electroen-
cephalograph «BRAINTEST» manufactured by the
research and production enterprise «DX-systems»
(Ukraine). The bioelectrical activity of the brain was
recorded using cup-shaped silver-chlorosilver elec-
trodes (Ag—AgCl) applied with lithium gel. The
EEG was recorded monopolarly according to the
International 10—20 system, the time constant was
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moBanu Ha 0,3, dinetpu — 75 Ti1. EET peectpyBanu: 1) y
CTaHi MacMBHOTO HECMaHHS i3 3aruIIoIIeHUMU O4YrMMa
npoTsaroM 1 xB; 2) cTaHi TaCMBHOTO HECITAHHS 3 PO3IIITIO-
IeHUMU ounma Tpotsirom 30 c¢; 3) rinepBeHTUIALIL TPU
3aIUTIOLIEHUX oYaX MpoTiarom 3 xB; 4) cTaHi MaCUBHOTO
HeCcHaHHS Mic/s MinepBeHTUISILIT i3 3aMUTI0ILEHUMU OUYK -
Ma npotsroM 1 xB. OLiHKY Ta iHTepIpeTalliio 6a3yBaiu
Ha KJacMYHMX MigpyyHuKax i atnacax 3 EET [38].

3aiiicHIOBaJIM Bi3yaJIbHUI 1 CHEKTpaJdbHUI aHami3
EET. Emnoxa crekrpainbHOro aHaiizy craHosumia 60 c,
yacToTHMI giana3oH — 1—32 Ii1. I3 ycix EET-3ammciB mo
MpOBeICHHS aHalli3y BUAAJSUIN apTe(akTHi (hparMeHTH.
CriekTpaJbHUI aHalli3 BUKOHYBaJU i3 3aCTOCYBaHHSIM
3araJIbHOIIPUIHSATOTO METOMY IIBUIKOTO IIEPETBOPECHHSI
Dyp’e. OTpuMyBaIM MOKA3HUKMU aOCOJIOTHOI CIIEKT-
panbHOi oTyxkHocTi (MKB? - [ir') i momMiHyr0UOi YacTOoTH
(Ir) st yeboro miamazoHy yactot (1—32 Iir), a Takox
JIOMiHYIOUY 4acTOTY, aDCOJIIOTHY i BiTHOCHY (Y BiICOTKax
JI0 YChOTO CIEKTPaJIbHOTO CKJIaAy) CIEeKTpalibHy MO-
TYKHICTb MO OCHOBHMX YaCTOTHMX AHiara3oHax: o (1—4
li), 6 (> 4-7 ), o (> 7—12 Ti) i B (> 12-32 Tin).
AHaJi3yBaJli YUCJIOBI ITOKa3HUKM 1 KapTW TOIIOT-
paigHOro PO3MOMITy CITEKTPaTbHOI TOTYKHOCTI OC-
HoBHUX giana3oHiB EEI’ mo ckanbmy.

Enextponni Tabauii Excel (MS Windows) Oyiu BUKO-
PUCTaHI SIK CTPYKTypa 0a3 JaHWX IJIsI HaKOIMMYIyBaHHS,
30epiranHg Ta aHamidy iHdopmaiii. CTaTUCTUYHUI
aHaJli3 MPOBENEeHO Y CTaHAAPTHUX CTAaTUCTUYHUX MaKe-
tax Statistica 10.0 ta SPSS 16.0. 115 BUSBIEHHS PO3-
Oi>KHOCTEeM MiX rpynamuy o0CTeKeHUX OCi0 BUKOPUCTO-
BYBaJIM TlTapaMeTpuyHi (t-Kputepiii CTbIogeHTa) Ta He-
rnapameTpuyHi (TouHuit Kputepiit Piepa, y2) Kputepii.

PE3VYJIBTATU TA IX OBTOBOPEHHS
Bci oocrexxeni YJIHA na YAEC «COVID+» i manieHTH
3 'HK Oynu MiCbKMMU KMTEISIMU, a TAKOX MaJIu BUIILLY
Ta CepeHIO CIiellialbHy OCBiTY. KpUTepissMu BUKITIOYEH-
HS 3 AOCHiAXEHHS OyJu: HasIBHICTb HAa MOMEHT J0-
CJIIIDKEHHSI BUPaK€HOI COMATOHEBPOJIOTIUHOI Ta ICU-
XiuHOI maTosorii y cramii JeKoMIleHcallil; HelpoiH(peK-
LiAHUX 1 JeMieNiHi3yI0uMX 3aXBOPIOBaHb; 3JI0BKBAHHS
MNCUXOAKTUBHUMM PEYOBMHAMM, OKpPiM TIOTIOHY. JlomaT-
KOBUMU KPUTEPISIMUA BUKJIFOUEHHSI 1J151 BiHCHKOBOCIIYK-
oog1iB 3CY Oyna BiCyTHICTh B aHaMHE3i MiHHO-BUOY-
XOBUX TpaBM, COMAaTOHEBPOJIOTiUHOI MaTOJOTi1, JEKOM-
MEHCOBAaHUX PO3JIaliB MCUXiKM Ta TMoBeAiHKu. O0cTe-
KeHi BilicbKoBocyxk00B1i 3CY He Malu KOHTaKTiB 3
mxepenamu 1B, Oyiu MiCbKUMU XKUTEIIMU, MaJId BULLY
Ta CEpPEeAHIO CreliaabHy OCBITY.

B ycix o6crexenux YJIHA Ha YAEC «COVID+» Ta
ocio 'HK 6yna niarHocToBaHa XpoHiuHa LiepedpoBacKy-

set to 0.3, and the filters were 75 Hz. EEG was
recorded: 1) in a state of passive wakefulness with
eyes closed for 1 min; 2) in a state of passive wake-
fulness with eyes open for 30 s; 3) hyperventilation
with eyes closed for 3 min; 4) in a state of passive
wakefulness after hyperventilation with eyes closed
for 1 min. Evaluation and interpretation were based
on classical textbooks and atlases on EEG [38].

Visual and spectral analysis of EEG was per-
formed. The epoch of spectral analysis was 60 s,
the frequency range was 1—32 Hz. Artifact frag-
ments were removed from all EEG recordings
before analysis. Spectral analysis was performed
using the generally accepted fast Fourier transform
method. The absolute spectral power (uWV?- Hz')
and the dominant frequency (Hz) for the entire
frequency range (1—32 Hz), as well as the domi-
nant frequency, absolute and relative (as a percent-
age of the total spectral composition) spectral
power for the main frequency bands: 6 (1—4 Hz),
0 (>4—7 Hz), o (> 7—12 Hz), and B (> 12—32 Hz)
were obtained. Numerical indicators and maps of
the topographic distribution of the spectral power of
the main EEG bands over the scalp were analyzed.

Excel spreadsheets (MS Windows) were used as a
database structure for accumulating, storing, and
analyzing information. Statistical analysis was per-
formed wusing standard statistical packages
Statistica 10.0 and SPSS 16.0. Parametric (Stu-
dent’s t-test) and non-parametric (Fisher’s exact
test, x?) criteria were used to identify differences
between groups of subjects.

RESULTS AND DISCUSSION
All the examined Chornobyl clean-up workers
«COVID+ « and patients of NCG were urban res-
idents and had higher and secondary specialized
education. Exclusion criteria in the study were: the
presence of severe somatoneurological and mental
pathology in the stage of decompensation at the
time of the study; neuroinfectious and demyelinat-
ing diseases; substance abuse, except for tobacco.
Additional exclusion criteria for AFU servicemen
were the absence of a history of mine-blast
injuries, somatoneurological pathology, and de-
compensated mental and behavioral disorders.
The surveyed AFU servicemen had no contact
with sources of IR, were urban residents, and had
higher and secondary specialized education.

All the examined Chornobyl clean-up workers
«COVID+» and individuals of NCG were diag-
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JISIpHA MaTOJIOTis (IMCUMPKYISITOPHA eHIledanonaTis)
Y BUIJISIII XPOHIYHOTO MTOPYIIEHHS MO3KOBOTO KPOBO-
o6iry (XITMK) (MKX-10: 167.4, 167.8, 167.9) Ta ne-
pebpanbHoro arepockiepo3y (MKX-10:167.2). Y nBox
Bumnankax B rpymi YJIHA na YAEC «COVID+» 6ynu
BUSIBJIEHI Hachinku 1niepeHeceHoro ITIMK 3a
imemiuauM tunoM. Kiiniuno B YJIHA nHa YAEC
«COVID+» i ocio 'HK BusiBnsucs po3scisiHa MiKpo-
BOTHMUIIIEBA HEBPOJIOTiYHA CUMITTOMATHKA; EMOLIIiTHO-
MOBEAIHKOBI pO3Jaau 3 IeIPECUBHUMHU, TPUBOXKHUMU
i coMaToOpMHUMM MpPOsSIBaMM, a TaKOX KOTHITHMBHi
po37aAv y BUTIISIAI 3HUKEHHS T1aM’SITi, epeBaXkKHO Ha
MOTOYHI MOJil; 3HMKEHHSI KOHLIEHTpaLlil yBaru; iHTe-
JIEKTyaJIbHO-MHECTUYHE 3HIDKEHHSI; €JIEMEHTH aKyC-
TUKO-MHECTUYHOI ada3ii; mopylmeHHs MUCJICHHS, PO-
3YMiHHS, TJIaHYBaHHS, LiJIEITOKJIaJdaHHS Ta CYIXEHb.
3a MKX-10 miarHOoCTyBaJIM OpraHiYHWA €MOLiitHO-
nabinbHuii (acreHiunmit) posnan (F06.6); nerkuii
korHiTuBHuil posnan (F06.7); opraniunuii posnian
ocooucrocti (F07). Ilpu mocnigkeHHi TTpaBo-IiBOpy-
KocCTi OyJIo BcTaHOBJEHO, 10 y Bcix YJIHA na HAEC
«COVID++» i oci6 'HK mnpoBigHo0 pyKoro OyJa mpa-
Ba. JJoCTOBIpHO 3a KJIiHIYHUMM ICUXOHEBPOJIOTIUHM-
MU XapaKTepUCTUKAMU OOMABI IpyMnu MPaKTUUYHO HE
BiIPi3HSIMCH, 32 BUHSITKOM AOCTOBIPHO BHUILIOI YaCTO-
T pO3JadiB MCUXiKW Ta MoBeAiHKMU y rpyni YJIHA Ha
YAEC «COVID+» 3a paxyHOK OpTaHiYHOTO PO3JIaay
ocobucrocrti (FO7) (p <0,001), (tabmn. 1).

KiiHiuHO 3a CTpYKTYpoOlO HEWMponcuxiaTpuyHOi na-
ToJIorii rpynu BiicbkoBocyK00B1iB 3CY «COVID+»
ta «COVID-» mpakTMYHO HE BiIpi3HSUINCH, IIPOTE
npuBepTae a0 cede yBary Aello BUIA 4YacToTa lLiepeo-
panbHOro arepockiieposy (167.2) Ta xpoHiyHOI imemil
rojioBHoro Mo3ky (167.4, 167.8, 1 67.9) y rpyni 3CY
«COVID++», gxa He cATHYJA PiBHS CTaTUCTUYHOI 3HA-
yyiiocTi (Tabm. 2).

HeipodisionoriyHa xapakrepucTuka
o6cTexeHnx rpyn

CnoHTaHHa GioenekTpuyHa aKTUBHICTb

rosIoBHOro MO3Ky

Hani komm’orepuszoBaHoi EEI 3acBinuuniy HasiBHICTD Yy
rpymi YJIHA na YAEC «COVID+» BUpakeHUX 1aTo-
JIOTIYHUX 3MiH CITIOHTaHHOI 0i0eIeKTPUYHOI aKTUBHOC-
Ti. ¥ rpyni YJIHA na YAEC «COVID+» nocTtoBipHO
BigHOoCHO oci6 T'HK nudysHo 36iibiieHa BigHocHa (%)
CIIEKTpaJibHA IOTYKHIiCTh neibTa (> 0—4,0 Iir) miama-
3oHy KEETI, BusiBieHe noctoBipHe OijlaTrepaibHe 3HU-
JK€HHSI BiTHOCHOI CIIEKTPaJIbHOI TeTa-MOTYXXHOCTI
(> 4,0—7,0 Iix) y GpoHTaAIbHUX AIISHKAX, JOCTOBIpHO
30ijblIeHAa a0COJIIOTHA CIIEKTpajibHa MOTYXHICTh

nosed with chronic cerebrovascular disease (discir-
culatory encephalopathy) in the form of chronic
cerebrovascular disease (CVD) (ICD-10: 167.4,
167.8, 167.9) and cerebral atherosclerosis (ICD-10:
167.2). In two cases, sequelae of cerebral infarction
were detected in the group of the COVID+ group of
the Chornobyl clean-up workers. Clinically, in the
Chornobyl clean-up workers «COVID+» and NCG
had scattered microfocal neurological symptoms;
emotional and behavioral disorders with depressive,
anxiety and somatoform manifestations, as well as
cognitive disorders in the form of memory loss,
mainly for current events; decreased concentration,;
intellectual and mental decline; elements of acous-
tic-mnestic aphasia; impaired thinking, understand-
ing, planning, goal setting and judgment. According
to the ICD-10, organic emotionally labile (asthenic)
disorder (F06.6); mild cognitive disorder (F06.7);
organic personality disorder (F07) were diagnosed.
In the study of right- and left-handedness, it was
found that all the Chornobyl clean-up workers
«COVID+» and the persons from NCG were right-
handed. Both groups did not differ significantly in
clinical neuropsychiatric features, except for a sub-
stantially higher frequency of mental and behavioral
disorders in the Chornobyl clean-up workers
«COVID+» due to organic personality disorder
(FO7) (p <0.001) (Table 1).

Clinically, the structure of neuropsychiatric
pathology in the groups of the AFU «COVID+» and
«COVID-» practically did not differ, but the slightly
higher frequency of cerebral atherosclerosis (167.2)
and chronic cerebral ischemia (167.4, 167.8, 1 67.9)
in the group of the Armed Forces of Ukraine
«COVID++», which did not reach the level of statis-
tical significance, is noteworthy (Table 2).

Neurophysiological characteristics

of the examined groups

Spontaneous bioelectrical activity

of the brain

The data of computerized EEG showed pronounced
pathological changes in spontaneous bioelectrical
activity in the group of Chornobyl clean-up workers
«COVID+». In the Chornobyl clean-up workers
«COVID+», the relative (%) spectral delta power
(> 0—4.0 Hz) of QEEG range was significantly
increased compared to the individuals of the NCG;
a significant bilateral decrease in the relative spectral
theta power (> 4.0—7.0 Hz) in the frontal areas, sig-
nificantly increased absolute spectral power of the
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Ta6namusa 1
KniniuHa ncuxoHeBponoriyHa xapakrepucTuka 3a kpurepiamm MKX-10 VJIHA Ha YAEC «COVID+» 1a oci6 FHK

Table 1

Clinical neuropsychiatric characteristics according to ICD-10 criteria of COVID+ patients at ChNPP and persons
with GOC

V/THA Ha YAEC «COVID+» 1’ 3 Nonpakoio Yates,

Miarwos, MKX-10 Chornobyl clean-up ABOGing-Tqu“ﬁ rHK
- kputepiit Piwepa,
workers «COVID-+» putep Pa, P NCG
Diagnosis, ICD-10 n=30 x? with Yates correction n=24
abc./abs. (%) two-sided a6c./abs. (%)

Fisher’s exact test, p

COMATOHEBPOJIOII4HI, BKJIKOYAKOYU LLEPEBPOBACKYNIAPHI, PO3NIAOU
SOMATONEUROLOGICAL, INCLUDING CEREBROVASCULAR, DISORDERS
ComatoHeBpOJIoriyHi po3naau 30 (100,0 %) p=1,0 24 (100,0 %)
Somatoneurological disorders

ComaroHeBponoriyHa KOMOpBIaHICTb 24 (80,0 %) x%=2,05 14 (58,3 %)
Somatoneurological comorbidity p=0,13

LiepeGpanbHuit atepocknepos (167.2) 23 (73,3 %) x%=0,01 19 (79,2 %)
Cerebral atherosclerosis (167.2) p=1,0

XpoHiyHa ilwemisi ronoBHoro mosky (167.4, 167.8, 167.9) 30 (100,0 %) p=1,0 24 (100,0 %)
Chronic cerebral ischemia (167.4, 167.8, 167.9)

Hacninkv nepeneceroro IMMK 3a iwemisHum Tunom (169.3) 2 (6,7 %) p=0,49 0(0,0 %)
Sequelae of cerebral infarction (169.3)

Hesponarist nuuboeoro Hepea (G51.0) 0(0,0 %) p=0,44 1 (4,2 %)
Bell palsy (G51.0)

Mneyosa nnekconaris (G54.0) 1(3,3%) p=1,0 0(0,0 %)
Brachial plexus disorders (G54.0)

CuHapom kapnanbHoro kaHany (G56.0) 2 (6,7 %) p=0,49 0(0,0 %)
Carpal tunnel syndrome (G56.0)

Hesponaria niktb0BOro Hepea (G56.2) 2(6,7%) p=1,0 1(4,2 %)
Ulnar nerve neuropathy (G56.2)

lMonepekoBO-KpKXOBA PaaMKYNONaTisl 3 MOTOPHUMM MopyLeHHaMK (G54.4) 3 (10,0 %) p=1,0 3 (12,5 %)
Lumbosacral radiculopathy with motor disorders (G54.4)

[JiabetnyHa nonineiiponarisi (G63.2) 4 (13,3 %) p=1,0 4(16,7 %)
Diabetic polyneuropathy (G63.2)

MoctkoigHuii cuHapom (U09.9) 2 (6,7 %) p=0,49 0(0,0 %)
Post-COVID syndrome (U09.9)

OcreoxoHapo3 xpebTa (M42) Ta popconarii (M51, M52, M54) 24 (80,0 %) p =0,52 17 (70,8 %)

Spinal osteochondrosis (M42) and other dorsopathies (M51, M52, M54)

MCUXIYHI | NOBEAIHKOBI PO3JIAAN
MENTAL AND BEHAVIORAL DISORDERS

Mcuxiyxi | NoBeAHKOBI po3naam 29 (96,7 %) x%=19,64 9 (37,5 %)
Mental and behavioral disorder p < 0,001

MeuxiaTpyHa KOMOPOIAHICTb 3 (10,0 %) p=1,0 2(8,3%)
Psychiatric comorbidity

OpraHiyHuin acTeHiyHmin po3nap, (F06.6) 17 (56,7 %) x?=0,22 8 (33,3 %)
Organic emotionally labile [asthenic] disorder (F06.6) p=10,57

MomipHuit korHiTMBHKIA po3nap, (FO06.7) 5(16,7 %) p=0,21 1(4,2 %)
Mild cognitive disorder (F06.7)

OpraHiyHuin poanap, ocobucTocTi i noseaiku (FO7) 11 (36,6 %) x2=64 1(4,2 %)
Organic personality disorder (F07) p = 0,007

MaHiynmii posnap, (F41.0) 0 (0,0 %) p=1,0 1(4,2 %)

Panic disorder [episodic paroxysmal anxiety] (F41.0)

nIeabTa-miarma3oHy Y JIBii mocTepo-TemmopanbHili  delta range in the left posterior-temporal area
nmingaIi (tadma. 3). Kpim toro, B rpymi YJIHA na YAEC  (Table 3) were revealed. In addition, in the
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Ta6nauuysa 2
KniniuHa ncuxoHeBponoriyHa xapakTepucTuka 3a Kputepiamm MKX-10 y rpynax BilicbKoBocnyk6oBuie 3CY
«COVID+» 1a «COVID-»

Table 2
Clinical neuropsychiatric features according to ICD-10 criteria in the groups of the Armed Forces of Ukraine
«COVID+» and «COVID-»

VJTHA na YAEC «COVID+» X’ 3 Nonpaskoio Yates,

fiaruos, MKX-10 Chornobyl clean-up ABOqu-tmqr;-Tqu"ﬁ THK
- kputepiit Piwepa,
. . workers «COVID+» p. P P p NCG
Diagnosis, ICD-10 n=30 %2 with Yates correction n=24
a6c./abs. (%) two-sided a6c./abs. (%)

Fisher’s exact test, p

COMATOHEBPOJ10IM4HI, BKJTIOYAKO4YU LIEPEBPOBACKYJIPHI, PO3JIAOU
SOMATONEUROLOGICAL, INCLUDING CEREBROVASCULAR, DISORDERS
ComartoHeBposoriyHi po3naam 15 (75,0 %) p=0,21 23 (93,3 %)
Somatoneurological disorders

ComaroHeBponoriyHa KOMOpBIAHICTb 8 (40,0 %) p=0,74 7 (46,7 %)
Somatoneurological comorbidity

Liepe6panbHuii atepocknepos (167.2) 4 (20,0 %) p=0,12 0(0,0 %)

Cerebral atherosclerosis (167.2)

XpoHiyHa ilemisi ronosHoro mosky (167.4, 167.8, 167.9) 8 (40,0 %) p=0,28 3 (20,0 %)
Chronic cerebral ischemia (167.4, 167.8, | 67.9)

IHWi po3nany BereTaTUBHOI HepBOBOI cucTemm (G90.8) 10 (50,0 %) p=0,73 9 (60,0 %)
Other disorders of autonomic nervous system (G90.8)

MopyLueHHs 3aCMHaHHS Ta MiATPUMaHHS CHy, 6e3coHHs (G47.0) 3 (15,0 %) p=1,0 2 (13,3 %)
Sleep and sleep maintenance disorders, insomnia (G47.0)

BipmaneHi Hacnigkv BHyTpiLlLHbOYepenHoi Tpasmu (T90.5) 2 (10,0 %) p=0,50 0(0,0 %)

Sequelae of intracranial injury (T90.5)

Hesponaria npomeHeBoro Hepea (G56.3) 0(0,0 %) p=0,43 1 (6,7 %)

Radial nerve neuropathy (G56.3)

Hesponaria cTerHoBoro Hepea (G57.2) 0(0,0 %) p=0,43 1 (6,7 %)

Femoral nerve neuropathy (G57.2)

OcreoxoHapo3 xpebra (M42) Ta mopconarii (M51, M52, M54) 15 (75,0 %) p=1,0 12 (80,0 %)

Spinal osteochondrosis (M42) and other dorsopathies (M51, M52, M54)

MCUXIYHI | NOBEAIHKOBI PO3JIAAKN
MENTAL AND BEHAVIORAL DISORDERS

lMcuxiyHi | NoBeAIHKOBI po3naam 20 (100,0 %) p=1,0 15 (100,0 %)
Mental and behavioral disorder

McyxiarpryHa KOMOPOGIAHICTb 8 (40,0 %) p=0,74 7 (46,7 %)
Psychiatric comorbidity

TMoMipHuiA KorHiTUBHWIA po3nap, (F06.7) 0(0,0 %) p=0,18 2 (13,3 %)
Mild cognitive disorder (F06.7)

3MilLiaHuiA TPUBOXHO-AENPecuBHUiA poanap (F41.2) 10 (50,0 %) p=1,0 7 (46,7 %)
Mixed anxiety and depressive disorder (F41.2)

lMocTTpasmaTuyHmin ctpecosuit poanag, (F43.1) 13 (65,0 %) p=1,0 9 (60,0 %)
Post-traumatic stress disorder (F43.1)

MopywweHHs apanTauii (F43.2) 2 (10,0 %) p=10,50 0(0,0 %)
Adjustment disorders (F43.2)

HespacTeHis (F48.0) 3 (15,0 %) p=1,0 3(20,0 %)
Neurasthenia (F48.0)

CvHapom nenepcoHanisai-nepeanisai (F48.1) 0(0,0 %) p=0,43 1(6,7 %)

Depersonalization-derealization syndrome (F48.1)

«COVID+» nponeMoHcTpoBaHe nucdy3He 3HmKeHHS ad-  Chornobyl clean-up workers «COVID+» group,
COJTIOTHOI Ta BiTHOCHOT CIIEKTPaJIbHOI ajTbda-ToTy:kKHOCTi  a diffuse decrease in absolute and relative spec-
(8—13 Iir) 3 akieHTOM Y JiBilf (ppoHTO-TemITopanbHiit Ta  tral alpha power (8—13 Hz) with an emphasis on
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TEMITOPO-OKLMMIITAIbHIN AiISHLI, a TaKOX IOCTOBipHE
3HWKEHHS BiTHOCHOI CIIEKTpajabHOI OeTa-MOTYKHOCTI y
MOTWINYHKUX BiIBEACHHSIX Ta CUMETpUYHE Tudy3HEe 3HU-
KEeHHsS1 abcomioTHoi Oera-mortyxkHocTti (> 13—30 Iir)
npakTuyHo B ycix BigeaeHHsx KEEID (p < 0,05—0,001)
(Tabu. 3). BigmoBigHO 10 HAIIMX MOINEPEIHiX JaHMX,
paHille crnocTepirajgocsl pafialiliHo-acoliliiloBaHe 3HU-
KeHHs TeTa-niana3oHy KEET, 1o iHTeprnipeTyBanocs K
iHTiOiisg rimokamity. BusBieHi 3MiHM 3acBiTYylOTh
BipOTiZHUI BIJIMB MPOLECIB CTapiHHS Ha (DYHKIIOHY-
BaHHSI TOJIOBHOTO MO3KY IicJisl onpoMiHeHHs. {ocTo-
BipHE 3HMXKEHHS BiIHOCHOI CIIEKTPaJIbHOI TeTa-TIOTYX-
HOCTi y JJOOHUX BiIBEIEHHSIX MOXe OyTH Helpodizio-
JIOTIYHUM KOpeJITOM (PYHKIIOHATBHOI TiMmoMpoOHTaIb-
HOCTI, sIKa KJIIHIYHO BUSIBJISIETHCS Y MOPYLIEHHSIX BULLIAX
MCUXiYHUX (PYHKIiH (KOPOTKOTPUBAIOI IMaM’sITi, yBaru,
MUCJIEHHS TOIIO), a TaKOX IMaTONCUXOJIOTIYHOIO nedi-
LUTAPHOIO MM30(¢pPEeHONOAIOHOI0 CUMIITOMATUKOIO. 3a-
rajoM, Helipodisiojorignuii matepH 3a nanHuMu KEEID B
VJIHA na YAEC «COVID+» MoxHa oxapaKTepu3yBaTh
SIK TU(QYy3HE CITOBUIBHEHHS 0i0€IeKTPUIHOI aKTUBHOCTI
roioBHoro Mo3ky (diffuse slowing), ToOTO 3aMillleHHS
HOPMAaJIbHOT PUTMiKN TOJIOBHOTO MO3KY B ajbda- Ta 0e-
Ta-Aiana3oHi HU3bKOYACTOTHUMMU (TTOBiIbHOXBUJIBOBU-
MU hopMaMU aKTUBHOCTI). Taki 3MiHU CBiq4aTh MpO AU-
¢y3He GaraTopiBHEBEe OpraHiyHe ypakKeHHS T'OJOBHOTO
Mo3Ky B YJIHA na YAEC «COVID+», sike xapakTepu-
3YEThCS TUO0KOI0 AUCHYHKIIEID CTOBOYPOBO-IieHIIEe-
(haTbHUX CTPYKTYp, MPOTrpecyrourii xapakrep eHieda-
Jionarii 3 mepeBaXXHUM 3IyYEHHSIM KOPTUKO-TiMOIUHOL
CHCTEMHU JIiBO1 (IOMiHAHTHOI) MiBKYJi TOJJOBHOTO MO3KY.
Hudy3He OaraTopiBHeBe OpraHiyHe ypaXkKeHHS TOJIOB-
HOTO MO3Ky MOXe OyTM OOYMOBJIEHUM CUHEPTiYHUM
BIIMBOM TaKUX HECHIPUSITINBUX YUNHHUKIB SIK IIPUCKO-
peHe cTapiHHS TOJIOBHOI'O MO3KY V BigjgajleHUl nepion
nicas BruBy 1B Ta Hacninku nepeHeceHoi COVID-19
B YJIHA na YHAEC «COVID++», 6epyun 10 yBaru a0oBe-
JNIeHy HelpoTpomHicTh KopoHaBipycy SARS-CoV-2
(Tabm. 3).

I1pu nopiBHsHHI pe3ynbrariB KEEI y rpymnax BiiicbKo-
Bociyx00B1iB 3CY «COVID+» ta «COVID-», B rpymi
«COVID++» BUSIBJI€HO NOCTOBIpHMI TipIIMi iHTErpaib-
Huit 6an KEET 3a O.0. XKXupmyncebkoro: 11,1 2,1 Bpy-
i «COVID+» 1a 8,7 & 3,2 y rpyni «COVID-» Bignosinu-
Ho (t = 2,4, p <0,05), 110 CBiTUUTH MPO HASIBHICTb CTili-
KO1 1iepedpaibHOi AMCHYHKIIT y BUMISII TOMipHOTO AW~
¢y3HOoro cnoBinbHeHHS (oHOBoro marepHy EEID y
BilicbkoBocayx0o0BLiB 3CY, ki mnepexBopiau Ha
COVID-19 y 2020—2022 pokax (tao. 4).

PesynbraTu KinbKicHoro aHanidy KEEI, npencrapieHi
y Taby. 4 Ta 5, 3aCBiAUYYIOTh HASIBHICTb y TPYITi BiliChKO-
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the left frontotemporal and temporooccipital
areas, as well as a significant decrease in relative
spectral beta power in the occipital leads and a
symmetrical diffuse decrease in absolute beta
power (> 13—30 Hz) in nearly all EEG leads
(p <0.05-0.001) (Table 3). Following our previ-
ous data, we observed a radiation-associated
decrease in the theta range of QEEG before,
which was interpreted as hippocampal inhibition.
These changes indicate a probable influence of
aging processes on brain functioning following
radiation exposure. A significant decrease in rela-
tive spectral theta power in frontal leads may be a
neurophysiological correlate of functional hypo-
frontality, which is clinically manifested in impair-
ed higher mental functions (short-term memory,
attention, thinking, etc.), as well as pathopsycho-
logical deficit schizophrenia-like symptoms. In
general, the neurophysiological pattern according
to QEEG data in the Chornobyl clean-up workers
«COVID++» can be characterized as a diffuse slow-
ing of the bioelectrical activity of the brain (diffuse
slowing), that is, the replacement of normal brain
rhythm in the alpha and beta range with low-fre-
quency (slow-wave) forms of activity. Such chan-
ges indicate diffuse widespread organic brain dam-
age in the Chornobyl clean-up workers «COVID+»
characterized by severe dysfunction of stem-dien-
cephalic structures, progressive encephalopathy
with predominant involvement of cortico-lymphat-
ic system of the left (dominant) brain hemisphere.
That organic brain damage may be due to the syn-
ergistic effect of such adverse factors as accelerated
brain aging in the long-term period following expo-
sure to IR and the sequelaec of COVID-19 in the
Chornobyl clean-up workers «COVID+», taking
into account the proven neurotropism of the SARS-
CoV-2 coronavirus (Table 3).

When comparing the QEEG results in the sub-
groups of the Armed Forces of Ukraine service-
men «COVID+» and «COVID-», a significantly
worse integral score of EEG patterns according to
0.0. Zhyrmunskaya was found in the «COVID+»
group: 11.1 = 2.1 in the «COVID+» group and
8.7 = 3.2 in the «COVID-» group, respectively
(t=2.4,p <0.05), indicating the presence of persist-
ent cerebral dysfunction as a moderate diffuse slow-
ing of the background EEG pattern in AFU service-
men who contracted COVID-19 in 2020—2022.

The results of the quantitative analysis of QEEG
summed in Tables. 4 and 5, show a significant dif-
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Ta6nuusa 3
Pe3ynbTatn Komn'ioTepHoi enekTpoeHuedanorpadii (BigHocHa cnekTpanbHa notyxHicte) B VIHA Ha YAEC
«COVID+»Ta oci6 NHK, (M + SD)

Table 3
Results of computerized quantitative electroencephalography (relative spectral power) in in the Chornobyl
clean-up workers «COVID+» and individuals of the NCG, (M + SD)

Moka3Huk, BiaBeAEHHS YJTHA na YAEC «COVID+», n = 30 FHK / NCG
EEG lead, according to «10—20 system»  Chornobyl clean-up workers «COVID+», n = 30 n=24
BigHocHa cnekTpanbHa fenbTa-noTyxHicTb, % / Relative spectral delta power, %
Fp1 66,2 £ 20,1** 437+ 18,2
Fp2 55,7+ 18,8* 42,4 + 20,4
F7 54,1 + 15,8*** 32,6 £15,7
F3 51,3 £ 18,1*** 30,3+ 15,3
F4 52,2 £ 21,4** 32,6+ 18,8
F8 53,1 + 18,6** 341 +171
T3 479 £ 21,7** 28,8+ 16,6
C3 48,7 £ 19,5** 28,9 +17,2
C4 47,2 +20,1* 29,1 £ 19,1
T4 53,6 £ 21,2*** 33,8 £20,7
T5 45,6 £ 19,7*** 21,8+ 148
P3 43,4 £ 23,0 26,9 = 15,7
P4 445 + 25 0** 24,0 £ 17,8
T6 43,9 + 23,0 27,1 +16,2
01 44,0 £ 21,3*** 21,4+135
02 39,3 £21,2** 20,7143
BigHocHa cnekTpanbHa TeTa-noTyxHictb, % / Relative spectral theta power, %
Fp1 10,6 = 19,6** 17,3+6,9
Fp2 11,9+ 18,8* 155+57
F7 11,7 £ 15,7* 172+74
F3 12,3+ 18,1* 179+73
F4 12,5+ 21,0 17,3+6,3
F8 13,0 + 18,3* 16,6 + 5,4
BigHocHa cnekTpanbHa anbda-noTyxHictb, % / Relative spectral alpha power, %
Fp1 15,6 £ 13,4* 26,6 £ 12,5
F7 20,6 = 14,5 32,6 £ 14,3
F3 22,1 £ 15,8* 35,1+ 14,0
F8 21,0 £ 15,1* 31,5+ 142
T3 23,4 + 17,6* 37,3+ 15,5
C3 24,9 + 16,4 38,9 £ 16,0
T4 22,1 £ 14,5* 339+ 144
T5 26,7 + 18,8** 444 + 15,6
P3 31,3 +£20,4* 46,8 £ 17,6
P4 29,3 £22,1* 465+ 17,8
01 30,0 + 20,5** 53,4 £ 17,9
02 34,3 + 20,2** 54,7+ 18,6
BigHocHa cnekTpanbHa 6eTa-noTyxHicTb, % / Relative spectral beta power, %

15 13,6 +4,1* 18,7+54
P3 11,8 £ 3,7** 16,9+ 6,3
P4 10,5 £ 5,1** 172+6,5
T6 12,6 £ 6,6* 18,077
02 11,4+41* 14,4 £5,2

MpuMiTkn. *,***** — NOCTOBIPHICTb PI3HNLL 3 piBHEM CTATMCTUYHOI 3HauyLocTi p < 0,05; p < 0,01 Ta p < 0,001 BiANOBIAHO MO BiAHOLIEHHIO O FPYNK NOPIBHAHHS 3a t-KpUTEPIEM
CrblopeHTa

Notes. *,**,*** — the difference is significant with a statistical significance level of p < 0.05; p < 0.01, and p < 0.001, respectively, compared to the comparison group by
Student’s t-test

Bocayxk0oBLiB 3CY «COVID+» nocroBipHe audy3He fuse increase in relative spectral theta power with a
30UJIbIIEHHSI BiTHOCHOI CIIEKTpaJibHOI TeTa-MmoTyX-  bilateral excess in the parietal areas in the group of
HOCTI 3 O6ilaTepaJTbHIM €KCIIeCOM y TiM IHUX TiIsHKkax  servicemen of the Armed Forces of Ukraine
(t=2,1-3,1, p < 0,05-0,01), a Takox moctoBipHe <«COVID+» (t=2.1-3.1,p <0.05—0.01), as well as
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Ta6nuusa 4
Pe3synbTatn KoMn'1oTepHoi enekTpoeHuedanorpadii (BigHOCHa cneKTpanbHa NOTYKHICTb) y rpynax
BiicbkoBocnyk60BLiB 3CY «COVID+» i «COVID-», (M x SD)

Table 4
Results of computerized quantitative electroencephalography (relative spectral power) in the groups of AFU
«COVID+» and «COVID-», (M + SD)

Moka3Huk, BigBeAEHHS BilicbkoBocnyx608Bui 3CY BilicbkoBocnyx608Bui 3CY
«COVID+», n =20 «COVID-», n=15
EEG lead, according to «10-20 system» AFU «COVID+», n = 20 AFU «COVID-», n =15
BigHocHa cnekTpanbHa TeTa-noTyXxHictb, % / Relative spectral theta power, %
Fp1 26,5+ 11,7** 16,2 + 3,7
Fp2 25,2 £ 12,2* 16,9+ 5,6
F7 251 +12,1* 16,9+6,9
F8 254 +12,3* 17,0+6,9
T3 24,0 = 11,6* 15,4 + 6,4
C3 241 £11,1* 15,4 + 6,6
C4 24,3 +10,8* 157+7,0
T4 23,3 £ 11,5* 15,3 6,7
T5 23,3 £ 10,4* 149+58
P3 23,1 £10,2** 125+5,8
P4 22,3 +10,1** 12,6 +6,7
T6 22,0 £9,8* 141+£6,5
01 20,2 £ 9,5* 119+572

BigHocHa cnekTpanbHa anbda-noTyxHictb, % / Relative spectral alpha power, %
P3 36,7 £ 17,4* 52,6 £ 17,6

MpumiTky. *,***** — nOCTOBIPHICTb Pi3HULI 3 piBHEM CTAaTMCTUYHOI 3HauyLocTi p < 0,05; p < 0,01 Ta p < 0,001 BignOBiLHO NO BIJHOLIEHHIO O FPYNK MOPIBHSHHS 3a t-KpUTEPIEM
CrbloaeHTa

Notes. *,**,*** — the difference is significant with a statistical significance level of p < 0.05; p < 0.01, and p < 0.001, respectively, compared to the comparison group by
Student’s t-test

Ta6nuua 5
Pe3synbTatn KoMn'1oTepHoOi enekTpoeHuedanorpadii (abconioTHa cneKTpanbHa NOTYKHICTb) Y Fpynax
BincbkoBocnyk60BLiB 3CY «COVID+» i «COVID-», (M x SD)

Table 5
Results of computerized quantified electroencephalography (absolute spectral power) in the groups of AFU
«COVID+» and «COVID-», (M + SD)

MokasHuk, BiaBeAEHHS BilicbkoBocnyx06oBui 3CY BilicbkoBocnyx6oBui 3CY
«COVID+», n =20 «COVID-», n =15
EEG lead, according to «10—20 system» AFU «COVID+», n =20 AFU «COVID-», n= 15
AGconioTHa cniekTpanbHa TeTa-noTyxkHicts, MkB2 - Iy / Absolute spectral theta power, pV? - Hz™'
Fp2 246 + 21,0* 11,2 £6,1
F7 22,5+ 19,4* 9,1+40

MpumiTky. *,**,*** — HOCTOBIPHICTb Pi3HNLI 3 piBHEM CTATMCTUYHOI 3HauyLLocTi p < 0,05; p < 0,01 Ta p < 0,001 BiBNOBIZHO MO BIJHOLIEHHIO [O FPYNK MOPIBHSHHS 3a t-KpUTEPIEM
CrblogeHTa

Notes. *,** *** — the difference is significant with a statistical significance level of p < 0.05; p < 0.01, and p < 0.001, respectively, compared to the comparison group by
Student’s t-test

3pocTaHHsS aOCOJIOTHOI CITEKTpaJbHOI TeTa-TOTyXK-  a significant increase in absolute spectral theta
HOCTi OinaTepanbHO B TOOHMX OingHkax (t = 2,1-2,2,  power bilaterally in the frontal areas (t = 2.1-2.2,
p < 0,05) BinHOCHO Tpynu BilicbKoBocayk00BLiB 3CY  p < 0.05) relative to the AFU group «COVID-».
«COVID-». TakuM 4YHOM, CTYIIiHb ITOpYIIeHb Imatep-  Thus, the degree of abnormalities of the background
ay ¢ponosoi EEI" y rpyni 3CY «COVID+» BusgBuBcst  EEG pattern in the group of «COVID+» AFU was
meHmuM, Hix y rpyni YIIHA «COVID+», mo Moxe  less than in the group of the Chornobyl clean-up
MOSICHIOBATUCS MOJIOALIMM BikoM oocTtexkeHux. [Ipore  workers «COVID+», which can be explained by the
HaIIpaBJICHICTh ITOpYyIIeHb HelpommHaMiku B o0ox  younger age of the AFU subjects. However, the
rpymnax pekoHBanecueHTiB COVID-19 € omnakoBorw,  direction of neurodynamic disorders in both groups

(1) 286




ISSN 2304-8336. pobnemu paniauiiiHoi Meguunkm Ta pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2024. Iss. 29.

CLINICAL

RESEARCH

1110 MOXe OyTH TOSICHEHE TOBEIEHOI0 HEMPOTPOITHICTIO
Bipycy SARS-Cov-2.

Xoua COVID-19 BBaxka€eThCs TOJOBHUM UYMHOM
pecniipatopHuM 3axBoploBaHHAIM, SARS-CoV-2 Bpaxae
0e3J1iy cucTeM OpraHiB, BKJIIOYAIOUU IIEHTPAJbHY HEp-
BoBy cuctemy (ITHC) [41]. SARS-CoV-2 Moxe npoHu-
KaTu B TKAHWHU MO3KY Yepe3 BipeMilo, a TAKOX LLUISIXOM
MnpsiMOi iHBa3il HIOXOBOTO HepBa, IO TPU3BOAUTH 10
a”HocMii. HalimommpeHiimmMu 10BroTpuBaIiMu HEBPO-
JiorivHumu cumnToMamu miciasgs COVID-19 e ronoBHuii
OiJb, 3allaMOPOYEHHSI Ta XEMOCEHCOpPHa AUCHYHKIIIs
(Hampukian, aHocMist Ta ares3sist) [42]. I[Ipu Bukopuc-
TaHHiI OpraHoimiB MO3Ky JionuHu E. Song 3i criBaBT.
[41]criocTepirasu foka3u BipyCHOI iHBa3il 3 CymyTHIMU
MeTa0OJiYHMMHU 3MiHaAaMHM B iH(IKOBAaHUX Ta CYCITHIX
HelipoHax. Y HiMeUbKOMY IaTOMOP(OJOTIiYHOMY
TOCTiIKeHHI TTOCMEPTHUX 3pa3KiB MO3KY 43 mallieHTiB
BikoM 51—94 poku OyJio BUSIBJICHO CBiXKi TepUTOpiaibHi
ieMivHi momkomkeHHS y 6 (14 %) Bunankax, 37 (86 %)
MAaLiEHTIB MaJIM acCTPOIiO3 Y BCiX OLIIHEHMX MO3KOBUX
CTPYKTypax. AKTUBaLlisl MiKpoIii Ta iH(iIbTpalis -
torokcnyHuMu T-niMmpouutamu (IITJT) Gyna HalOiIbIT
BUPaXKEHOIO Y CTOBOYPi MO3KY Ta MO304KY, ¥ 34 (79 %)
nalieHTiB cnoctepiranacs iHginsrpatisa LITJI mo3koBux
060sioHOK. SARS-CoV-2 BusiBuim B Mo3Ky 21 (53 %) i3
40 ob6cTexxeHux naiieHTiB. BipycHi 6inku SARS-CoV-2
BUSIBJICHI B Y€pEITHO-MO3KOBUX HEPBAX, 1110 MOXOISTh i3
HIDKHBOTO CTOBOYpa MO3KY, Ta B i30JIbOBAHUX KIIITUHAX
cToBOypa Mo3Ky [43]. TakuMm 4uMHOM, mpsiMa HEHpOT-
pornHictb SARS-COV-2 BcTaHOB/I€HA Y HAllCYyYaCHILIMX
MOPGOJIOTIUHUX JOCTiAXKEHHSIX.

Tpusana kopoHaBipycHa xBopoba (long COVID) a6o
nicasgroctpi Hachigku iH@ekiii SARS-CoV-2 (post-
acute sequelae of SARS-CoV-2 infection, PASC), Takox
BiOMi SIK CTaH ITicJIsl IEpeHeCeHOi KOPOHAaBIPYCHOI XBO-
poou (COVID-19) abo MOCTKOBIZHMIA CHUHIAPOM, MO-
KYTh BpaxkaTu O0ynb-koro, iHpikoBaHoro SARS-CoV-2,
He3aJle>KHO Bif BiKy UM TSXKKOCTi IMOYATKOBUX CHMII-
tomiB COVID-19 [17, 44]. Long COVID/PASC — 1e
MPOMAOBXEHHSI a00 PO3BUTOK HOBMUX CHMIITOMIB 4epes
Tpu Micsi micasa nepBuHHOI iHDekii SARS-CoV-2,
sJKa TPUBA€E IIOHAMMEHIIIE aABa Micsli i He Ma€ iHIIOL
ineHTndikoBanoi mpununHu [17, 44]. Hapasi He icHye
BaJliloBaHUX KJiHIYHUX OiomMapKepiB TpUBaIOro
COVID/PASC, i ManoitMOBipHO, 1110 OY/1b-5IKi 3 HUX OY-
nyTh ineHTugikoBai [17]. JIume y CIIIA eKOHOMiYHMIA
tsarap TpuBajoro COVID/PASC owiHoeTbes B 3 TpJIH
nonapiB CIHIA mpoTsrom HacTyIHUX IT’ITH pokiB [45].
Broma, korHiTuBHa mucyHKIi (“MO3KOBUIA TyMaH”,
npodseMM 3 MaM’aTTI0, PO3JIaaXd yBaru) Ta MOPYLIECHHS
CHY € KJIIOYOBUMHU HEWPOIICHMXiaTpUMIHUMU O3HaKaMU

of COVID-19 convalescents is the same, which
can be explained by the proven neurotropism of
the SARS-Cov-2 virus.

Even though COVID-19 is considered primarily
a respiratory disease, SARS-CoV-2 affects multi-
ple organ systems, including the central nervous
system (CNS) [41]. SARS-CoV-2 can penetrate
brain tissue through viremia, as well as by direct
invasion of the olfactory nerve, leading to anos-
mia. The most common long-term neurologic
symptoms after COVID-19 are headache, dizzi-
ness, and chemosensory dysfunction (e.g., anos-
mia and ageusia) [42]. Studying human brain
organoids, Song E. et al. observed evidence of viral
invasion with concomitant metabolic changes in
infected and neighboring neurons [41]. In a
German pathologic study of postmortem brain
samples from 43 patients aged 51—94 years, fresh
territorial ischemic lesions were found in 6 (14 %)
cases, and 37 (86 %) patients had astrogliosis in all
brain structures evaluated. Microglia activation
and infiltration by cytotoxic T lymphocytes
(CTLs) was most pronounced in the brainstem
and cerebellum, and in 34 (79 %) patients CTL
infiltration of the meninges was observed. SARS-
CoV-2 was detected in the brains of 21 (53 %) of
the 40 patients examined. SARS-CoV-2 viral pro-
teins were detected in cranial nerves originating
from the lower brainstem and in isolated brainstem
cells [43]. Thus, the direct neurotropism of SARS-
COV-2 has been established in the most recent
morphological studies.

Prolonged coronavirus disease (long COVID) or
post-acute sequelae of SARS-CoV-2 infection
(PASC), also known as post-acute coronavirus
disease (COVID-19) or post-COVID syndrome,
can affect anyone infected with SARS-CoV-2,
regardless of age or severity of initial COVID-19
symptoms [44]. Long COVID/PASC is the con-
tinuation or development of new symptoms during
three months after the initial SARS-CoV-2 infec-
tion, lasting at least two months and with no other
identifiable cause [44]. Currently, there are no val-
idated clinical biomarkers for long-term
COVID/PASC, and it is unlikely that any will be
identified [44]. In the United States only, the eco-
nomic burden of prolonged COVID/PASC is esti-
mated to be $3 trillion over the next five years [45].
Fatigue, cognitive dysfunction («brain fog», mem-
ory problems, attention disorders), and sleep dis-
turbances are key neuropsychiatric signs of post-
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IMOCTKOBITHOTO cUHApOMY [46]. «MoO3KOBUII TyMaH»
(brain fog) — 1e TepMiH, SIKWIi ITO3HAYAE HU3KY CHMII-
TOMIB, SIKi XapaKTepU3YyIOTh KOTHITUBHI MOPYLIEHHS, i B
3araJlbHOMY PO3YMiHHI O3HAya€ MOpPYLIeHHS 3AaTHOCTI
SICHO MUCJIUTH, 30CEpelXyBaTHCS, KOHIEHTPYBAaTHCS,
3amaM’sITOByBaTU Ta MepeMUKaTH yBary. fK i mokasye
BJIACHE Ha3Ba, LI CUMIITOMHU <«3aTyMaHIOIOTb» PO3YyM
nali€eHTa i YCKJIaJHIOIOTh BUKOHAHHS PYTMHHUX 3aB-
JIaHb, TaKWX SIK ITATPUMAaHHS PO3MOBH, IIPOCIYXOBY-
BaHHS IHCTPYKILi a00 3amaM’sITOBYyBaHHS Ta KOHTPOJIb
eTarliB BUKOHAHHSI CKJIagHMX Aid Ha TJIi BUpaXKeHO1 3a-
rajgbHoi acrteHizauii. IlamieHTH MOXyTb Tpen’ sIBASITH
CKapru Ha HEyBaXKHiCTb, MPOOJEMU 3 KOHIIEHTpPALIi€IO
yBaru, 3a0yIbKyBaTiCTh, BTOMY, A€30pi€HTallil0, BTpaTy
XOOy IOyMOK, PO3yMOBE BHUCHAXEHHS, IIPOOJIeMHU 3
nigdopoM MOTPIOHMX CJIiB TIiJ 4ac PO3MOBHU, CIOBiJIb-
HEHHSI MPOoLEeCcy MUCIEHHS Ta IIBUAKOCTI peakiiiii [47].
INcuxiaTpuyHi nposiBy (ITOPYIIEHHS CHY, TPMBOXHICTD i
JIeTIpecis) 3ycTpivaloThCs YacTo i 3 94aCOM 3HAYHO 3pOC-
TaloTh y mnomupeHocti [46]. Long COVID/PASC
3ycTpivaetbes y 10—20 % nauieHTiB, iH(MIKOBAHUX
SARS-CoV-2. V pekonBanecueHtisB COVID-19 36e-
pira€ThbCsl BMCOKA TMOLIUPEHICTh CUHAPOMY XPOHIYHOI1
BTOMU, TPUBOXHUX, NEMPECMBHMX CTaHiB, MOpPYIIEHb
CHY, COMaTMYHMX i HEBPOJIOTIYHUX PO3J1aiB BIIPOIOBXK
TpUBaJIOro yacy. B colianbHuX Mepexax Taki Malui€HTH
JIOCUTDH YaCTO HAa3MBaJIM cebe «aanmekobitHnKaMm» (long
haulers), 3ronom 1ieif TepMiH CTaB BUKOPUCTOBYBATUCH i
B HayKoBMX Tipalisix [48]. ¥V mpocneKTUBHOMY JOOCIHil-
xkeHHi 100 «ganekoOiiiHuKiB», mpoBeaeHOMY y North-
western University Feinberg School of Medicine B CLIIA
y 2021 poui, OyJio MOKa3aHO, 1110 OCHOBHMMM HEBPO-
JIOTIYHUMU TIposIBaMM ceped Hux Oyim: BTroMa (85 %),
«Mo3KoBuit TyMaH» (81 %), ronoBHMit 6i1b (68 %), OHi-
MiHHs/TToKooBaHHA (60 %), mucressia (59 %),
aHocMis (55 %) ta mianrii (55 %). [Nauientu, iHgikoBaHi
SARS-CoV-2, nokasau Tipiili pe3yasTaTi B KOTHITUBHUX
3aBJaHHSX Ha yBary Ta poOo4dy mam’siTb MOPiBHSIHO 3 Ae-
MorpadiuHo BigmosigHoto mromyisiiero CIHIA (p < 0,01).
Takum ymHOM, aBTOpaMM OYJI0 MOKAa3aHO, III0 HETOCIHi-
Tali30BaHi «IanekobilitHnKi» COVID-19 BimuyBaroTh mo-
MITHUM i CTIMKUIA «MO3KOBUIA TYMaH» i BTOMY, $IKi BILJIMBA-
IOTh Ha IXHi KOTHITWUBHI (bYHKIIii Ta SKiCTh XXUTTS [48].

Jani, orpuMaHi B JaHOMY AOCHiIKEHHI, MOKAa3yIOTh,
110 MepCrNeKTUBHUMU JJIsI JiarHOCTUKM 3a3HAYEHMX
ypaxkeHb, OLliIHKU €(heKTUBHOCTI JIiIKyBaJIbHUX 3aX0/IiB, €
JemieBi, Oe3meyHi Ta HeiHBa3WBHI Helpodi3iooriyHi
METOAM OOCTeXEHHS, SKi J03BOJSIOTH 00’ €KTUBHO
OLIIHUTU (DYHKIIIOHYBAaHHS JIIMOIYHUX Ta CTOBOYPOBUX
CTPYKTYD, SKi BKJIIOYAlOTh B c€0€ KiJIbKICHY €JIeKTPOEH-
nedamnorpadiio (KEETD).
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COVID syndrome [46]. «Brain fog» is a term that
refers to some symptoms that characterize cogni-
tive impairment, and in general terms means
impaired ability to think, focus, concentrate,
remember, and switch attention. As the name
implies, these symptoms «cloud» the patient’s
mind and make it difficult to perform routine tasks
such as holding a conversation, listening to
instructions, or remembering and controlling the
steps of complex activities in the face of severe
generalized asthenia. Patients often report issues
such as inattention, difficulty concentrating, for-
getfulness, fatigue, disorientation, and a loss of
thought continuity. They may also experience
mental exhaustion, trouble finding the right words
during conversations, and slower thinking and
reaction times [47]. Additionally, psychiatric
symptoms like sleep disturbances, anxiety, and
depression are common and tend to increase sig-
nificantly over time [46].

Long COVID/PASC occurs in 10-20 % of
patients infected with SARS-CoV-2. COVID-19
convalescents have a high prevalence of chronic
fatigue syndrome, anxiety, depression, sleep disor-
ders, and somatic and neurological disorders for a
long time. In social networks, such patients often
called themselves «long haulers», and later this
term was used in scientific papers [48]. In a
prospective study of 100 long haulers conducted at
the Northwestern University Feinberg School of
Medicine in the United States in 2021, it was
shown that the main neurological manifestations
among them were: fatigue (85 %), brain fog (81
%), headache (68 %), numbness/tingling (60 %),
dysgeusia (59 %), anosmia (55 %), and myalgia
(55 %). Patients infected with SARS-CoV-2 per-
formed worse in cognitive tasks of attention and
working memory compared to the demographical-
ly matched US population (p < 0.01). Thus, the
authors have shown that non-hospitalized
COVID-19 «long haulers» experience noticeable
and persistent brain fog and fatigue that affect their
cognitive function and quality of life [48].

The data obtained in this study show that cheap,
safe, and non-invasive neurophysiological meth-
ods of examination, including quantitative elec-
troencephalography (QEEG), are promising for
diagnosing these lesions and assessing the effec-
tiveness of treatment measures.
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BUCHOBKU

B VJIHA na YAEC pekonBanecueHtis COVID-19
BIIEpllIE BUSIBJIEHE BUpaxkeHe Iudy3He CIOBLILHEHHS
0ioeNIeKTpUYHOI aKTUBHOCTI TojloBHOro Mo3ky (diffuse
slowing) no neapTa-4acTOT CTOCOBHO T'PYMU MOPIiBHSHHS
3 xpoHiyHoto [IBII, B aHaMHe3i B sIKoi OyB BiACyTHilt
BrmB 1B Ta indexirii SARS-Cov-2. Taki 3MiHM cBig9aTh
npo audy3He OaraTopiBHEBe OpraHiyHe ypaxKeHHS ro-
JnoBHOro Mo3Ky B YJIHA Ha YAEC «COVID+», ske xa-
PaKTepU3YEThCS TMOOKOI0 AUCHYHKIIIEID CTOBOYPOBO-
JieHuedalbHUX CTPYKTYpP, IPOTPECYIOUMIA XapaKTep eH-
Hedagonartii 3 mepeBaXKHUM 3aJydeHHSIM KOPTUKO-
JIiMOIYHOT CUCTeMU JIiBOi (IOMiHAHTHOI) TMiBKYJIi TOJOB-
HoOro Mo3Ky. /laHi 3MiHM MOXYTb OYTM OOYMOBJIEHi CU-
HEePTiYHUM BIUIMBOM MPUCKOPEHOTO CTapiHHS TOJIOBHO-
ro MO3KY y BifgajeH! nepiof micis BruBy 1B ta mepe-
HeceHoro COVID-19 B YVJIIHA na YAEC. KiiHiuHO B
rpyni YJIHA na YAEC «COVID+» BusgBiieHa J0C-
TOBIpHO BUILA YACTOTA PO3JaiB CUXiKM Ta MOBEIiHKMU,
Hixk y 'HK, 3a paxyHOK opraHiyHOro po3iaay ocoouc-
tocTi (F07). Takum 4uHOM, BUSBIEHiI Heilpodizio-
JIOTiYHi 3MiHM MOBHICTIO 30iraloThCs 3 ONy0JiKOBAaHUMU
JiTepaTypHUMMU JaHUMU OPO MoAi0HI 3MiHUM B iHILIMX KO-
ropTax peKOHBaJIeCLIEHTIB KOPOHABipyCHOI XBOPOOU Ta
MOXYTh OyTH liepeOpaJbHUM 0a3vCcOM MPUCKOPEHOTO
MPOTPEeCYyBaHHSI OPTaHIYHUX IIOPYIICHb IICUXIKU IIO-
BeIiHKM, 30KpeMa, IIOMipHUX KOTHITUBHUX MOPYILEHb i
memenuii B YJIHA na YAEC, dgki nmepexBopinu Ha
COVID-19. BusBnieHi 3MiHU TTOTPEOYIOTh MOMAIBIINX
TOCTIIKEHb i3 3aJlydeHHSIM JOJATKOBMX I'PYII IIOPiBHSIH-
HSI Ta aAeKBaTHOI'O JO3UMETPUYHOTO CYIIPOBOLY.

VY BilickkoBocay:k00BLiB 3CY, sKi mepexBopinu Ha
COVID-19, crioctepiraeTbcsi HOMipHO BUpaXKeHa CTilika
HepebpanbHa IMCchYHKIIS, a TAKOX iHTi0iLis QyHKIIi0-
HYBaHHS JieHIe(aTbHUX CTPYKTYP i IUCHYHKILIS PETH-
KyJISIpHOI (popMallii cToBOypa rojJoBHOro Mo3Ky. Briep-
11Ie BUSIBJIEHE JOCTOBIpHE 3pOCTaHHS CIEKTPaJbHOI Te-
Ta-MOTYKHOCTi Yy BilicbkoBocayxx00BLiB 3CY, sKi Ie-
pexBopinm Ha COVID-19. BusiBieHi TeHASHIIiT MOXYTb
CBiIUMTU TPO HASABHICTh CTiliKOi ILiepeOpalbHOI IuC-
(ynkuii micasg nepeHeceHoi xBopoou COVID-19 sk
iMOBipHOIO LepedpalbHOro 6a3ucy MOAANBLIOTO PO3-
BUTKY TPMBOXHO-IEIIPECUBHUX CTaHiB, a TaKoX
MOTipIIIeHHS Mepediry MocTTpaBMaTUYHOTO CTPECOBOTO
po3Jyiaay Ta iHIIMX PO3JaiB, aCOLIIHOBAHUX 3 CTPECOM.
HaHi 3MiHM TTOTPeOYIOTh MOAANBIIOTO CIOCTEPEKEHHS
Ta BUBYCHHS.

Oxepena ¢piHaHCYyBaHHSA
PobGoTa BMKOHAHA B CTPYKTYpi (pyHAAMEHTAILHOI Hay-
KOBO-J0cIiaHo1 podotu [depxkaBHoi yctaHoBU «Haltio-

CONCLUSIONS

For the first time, a pronounced diffuse slowing of
bioelectrical activity of the brain (diffuse slowing)
to delta frequencies was detected in the Chornobyl
clean-up workers being COVID-19 recuperates
compared to the comparison group with chronic
CVD, who had no history of exposure to IR and
SARS-Cov-2 infection. Such changes indicate dif-
fuse widespread organic brain damage in the
Chornobyl clean-up workers «COVID+», which is
characterized by severe dysfunction of the stem-
diencephalic structures, progressive encephalopa-
thy with predominant involvement of the cortico-
lymphatic system of the left (dominant) hemi-
sphere of the brain. These changes may be due to
the synergistic effect of accelerated brain aging in
the remote period after exposure to IR and
COVID-19 in the Chornobyl clean-up workers.
Clinically, a significantly higher frequency of men-
tal and behavioral disorders was detected in the
COVID+ the Chornobyl clean-up workers com-
pared to the NCG at the expanse of organic person-
ality disorder (F07). Thus, the detected neurophys-
iological changes fully coincide with the published
literature data on similar changes in other cohorts of
coronavirus disease convalescents and may be the
cerebral basis for the accelerated progression of
organic behavioral and mental disorders, in partic-
ular, mild cognitive impairment and dementia in
victims of the Chornobyl accident who have con-
tracted COVID-19. The identified changes require
further research involving additional comparison
groups and adequate dosimetric support.

AFU servicemen who suffered from COVID-19
have moderate persistent cerebral dysfunction, as
well as inhibition of diencephalic structures and
dysfunction of the reticular formation of the brain-
stem. For the first time, a significant increase in
spectral theta power was detected in the Armed
Forces of Ukraine servicemen who had COVID-
19. The identified trends may indicate the pres-
ence of persistent cerebral dysfunction after
COVID-19 as a possible cerebral basis for the fur-
ther development of anxiety and depression, as
well as the worsening of PTSD and other stress-
related disorders. These changes require addition-
al observation and study.
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HaJlbHUII HAyKOBUM LIEHTPp padialliiHOI MEIULIMHMU,
remartoJiorii Ta onHkoJsorii HauioHanbHO1 akamemii
MEIMYHMUX HayK YKpainu», mudp 632 «MexaHizmMu
monudikyouoro BriuBy COVID-19 indexuii Ha
pafianiiiHo-iHIyKOBaHi €(eKTu B 0Ci0 MocTpaxkiaa-
JIMX BHacJinoK YopHOOMILChKOI KaTacTpodu» Ha 3a-
MoBJieHHs1 HanioHanbHO1 akagemii MEIUYHUX HayK
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ABTOPU 3asIBJISIOTH PO BiACYTHICTH KOHMJIIKTY iHTE-
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