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DAMAGE TO THE NERVOUS SYSTEM IN COVID-19
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The COVID-19 pandemic is a pressing global issue and remains in the spotlight. The course of the disease can be
varied, from asymptomatic, with manifestations of a mild respiratory infection to functional disorders of many body
systems, namely the respiratory, cardiovascular, immune, as well as skin lesions and mental disorders (depression,
anxiety, adaptation disorder). In most cases, the SARS-CoV-2 virus primarily affects the neurons of the olfactory bulb,
which leads to impaired sense of smell and taste. Neurological manifestations after the disease can be very diverse,
the most common symptom is headache, which can be different and different locations. On the part of the central
nervous system, these are acute cerebrovascular disorders: ischemic and haemorrhagic strokes, meningoencephali-
tis, cranial nerve damage, peripheral nervous system damage, Guillain-Barre syndrome, musculoskeletal disorders,
including rhabdomyolysis. In the medical literature, the term post-COVID syndrome is increasingly used to describe
a set of complications of coronavirus infection that manifests itself in pathological conditions and has a long course,
from 12 weeks and more, leading to the involvement of many body systems in the pathological process. To date, it
is important to study in detail the markers of nervous system damage, primarily neurodegenerative diseases such as
Huntington's disease, Alzheimer's disease, Parkinson's disease, multiple sclerosis, amyotrophic lateral sclerosis and

others after COVID-19 for early diagnosis and subsequent treatment to predict the quality of life in patients.
Key words: post-COVID syndrome, neurological manifestations, neurofilaments.

Connection of the publication with planned
research works.

This work is a fragment of the research work of
the Department of Neurology of Dnipro State Medical
University «Clinical and pathogenetic and prognostic
markers of nervous system disorders and optimisation
of diagnostic and therapeutic algorithms», state
registration number 0122U201970.

Introduction.

Coronavirus disease (COVID-19) is a respiratory dis-
ease caused by the SARS-CoV2 virus with a characteristic
lesion of the respiratory tract. Given the characteristic
tropism of coronaviruses affecting various organs and
systems of the body, it has led to a rapid development
and spread of the disease worldwide and has developed
into a pandemic. Today, COVID-19 is an urgent global
problem that requires further detailed study, but pri-
marily the complications that arise after the disease,
the so-called post-COVID syndrome [1]. The course of

the disease can be very diverse, including asympto-
matic manifestations, up to dysfunction of many body
systems. More than 200 manifestations have been de-
scribed in patients with COVID-19, most commonly de-
scribed in the literature are anosmia/ageusia, dyspnoea,
asthenia, cough, fever to subfebrile levels, sternum pain,
hypertension, myalgia, arthralgia, problems with con-
centration and memory impairment, and many other
symptoms [2]. Neurological complications after COVID-
19 are prevalent, primarily central nervous system disor-
ders, namely acute cerebrovascular disorders of ischae-
mic and hemorrhagic type, meningoencephalitis, cranial
nerve damage, peripheral nervous system damage, Guil-
lain Barre syndrome, and mental disorders.

The aim of the study.

Detailed identification of neurological complications
after COVID-19 disease and analysis of markers of ner-
vous system disorders after coronavirus disease to im-
prove early diagnosis of neurodegenerative diseases.
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Main part.

Coronaviruses have been identified since the discov-
ery of SARS-CoV in 2002. After the discovery of SARS-
CoV-2, seven human coronaviruses, namely 229E, 0C43,
NL63 and HKU1, have been described in the literature,
causing mild iliness and pathogenic species, SARS-CoV,
MERS-CoV and SARS-CoV-2, which are spherical with
mace-like spikes on the surface, giving the appearance
of a sun crown. Epidemiological data and studies have
described human-to-human transmission of the virus,
which mainly occurs through close respiratory tract con-
tact, direct contact with infected individuals, or contact
with contaminated objects and surfaces [3, 4]. The coro-
navirus genome contains four main structural proteins:
the spike (S), membrane (M), membrane protein (E) and
nucleocapsid (N) proteins, all of which are encoded at
the 3’-end of the genome. The S protein mediates the
virus’s attachment to the host cell’s surface receptors,
which leads to fusion and subsequent penetration of the
virus. The M protein is the most abundant protein and
determines the shape of the viral envelope. The E pro-
tein is the smallest of the major structural proteins and
is involved in virus assembly and branching. The N-pro-
tein is the only one that binds to the RNA genome and is
also involved in virus assembly and branching [5].

The binding of SARS-Cov2 virus to ACE2 on the cell
surface is the first step in the pathogenesis of COVID-
19. At this stage, organ cells, such as the heart, blood
vessels, and kidneys, are damaged and infected, leading
to a “cytokine storm” [6, 7]. Cytokines increase vascu-
lar permeability, which causes swelling and the spread
of inflammation. The cytokine storm triggers a cascade
of hypercoagulation, forming small and large blood
clots. The penetration of the SARS-Cov2 virus into the
central nervous system, namely the brain, affects the
processes of demyelination and/or neurodegeneration.
In addition to strong expression of ACE2 in respiratory,
digestive, renal and reproductive cells, high expression
of ACE2 was found in the amygdala, cerebral cortex and
brain stem. The highest levels of ACE2 expression were
found in the pons and medulla oblongata in the human
brainstem, which contains the medullary respiratory
centres of the brain, leading to severe respiratory dis-
tress in many patients with CoV-19 [8]. Current research
shows that the unfavourable prognosis for patients with
COVID-19 is primarily related to factors such as gender,
with more men than women, age (>60 years) and the
presence of comorbidities in the history, such as hyper-
tension, diabetes mellitus and cardiovascular diseases
such as myocardial infarction, coronary heart disease,
heart disease, heart rhythm disorders, strokes, second-
ary acute respiratory distress syndrome and other im-
portant factors.

The first symptom of COVID-19 is a partial and/or
complete loss of the sense of smell and taste. Howev-
er, it should be emphasised that these conditions have
other possible causes. Any disruption of the nerve path-
ways that leads to impaired excitation or transmission
at the level of the olfactory epithelium (edema, chronic
inflammation, polyps, etc.) can lead to a weakened or
lost sense of smell [9, 10]. According to the medical lit-
erature, anosmia is often one of the first symptoms of
neurodegenerative diseases, for example, an early man-
ifestation of Parkinson’s disease [11].

Various mechanisms of coronavirus penetration into
the brain have been discussed, including anterograde
and retrograde, neuronal spread, transcriptional and
haematogenous pathways [12]. Complications of the
nervous system in COVID-19 can occur at different stag-
es of the disease. In addition to taste and smell distur-
bances, the infection can also cause peripheral nervous
system damage, namely neuropathy, neuritis, polyra-
diculopathy (including Guillain-Barre syndrome and its
variant Miller-Fisher syndrome), central nervous system
damage, and acute haemorrhagic necrotizing encepha-
lopathy [13], which is manifested by cognitive deficits,
psychosis, affective disorders, encephalitis, acute dis-
seminated encephalomyelitis, isolated myelitis, central
nervous system vasculitis, cerebral venous thrombosis,
epilepsy, and acute cerebrovascular accident of isch-
aemic or haemorrhagic type. As part of the neuromus-
cular system damage, painful myalgia with hyperkalae-
mia and weakness, myopathy in severe patients, and
exacerbation of myasthenia gravis or its manifestations
appear [14].

Stroke development in COVID-19 is associated with
hypercoagulability (the so-called “sepsis-induced coag-
ulopathy”), which is a precursor to disseminated intra-
vascular coagulation and is associated with prolonged
prothrombin time, increased D-dimer and thrombocy-
topenia, but without hypofibrinogenemia (rather with
increased fibrinogen); this is due to an exaggerated sys-
temic inflammatory response caused by infection or a
“cytokine storm” that accompanies severe COVID-19
with endothelial dysfunction and microthrombosis with
organ failure, but mostly without bleeding [15, 16, 17].
Antiphospholipid antibodies (associated with arterial
and venous thrombosis), increased levels of anti-cardi-
olipin IgA antibodies and increased levels of IgA and IgG
antibodies against beta-2 glycoprotein-1 were found in
patients with COVID-19 and multiple cerebral infarctions
(also with limb ischaemia) with prolonged aPTT and PT
and increased C-reactive protein [18]. Patients who have
suffered acute cerebrovascular accidents are most like-
ly to develop complications and die with concomitant
COVID-19 infection [19].

Cardioembolism in the case of heart damage caused
by the virus can also be applied to stroke development;
heart damage accompanies COVID-19 infection and is
present in 20-30% of patients whose condition requires
hospitalisation [20, 21].

Our research on neurological complications after
COVID-19 and the potential prediction of neurodegen-
erative diseases is of significant importance. The deter-
mination of neurofilament content in blood serum and
cerebrospinal fluid as a biomarker of nervous system
damage is a crucial step in this direction.

Neurofilaments, as a vital part of the neurocytoskel-
etal structures, play a significant role in the bodies and
projections of neurons in the central and peripheral ner-
vous system. The heteropolymeric structure of neurofil-
aments, consisting of three main subunits, namely light
(NFL), medium (NFM) and heavy (NFH) chains, known as
the neurofilament triplet, is a key focus of our study. The
heavy (NFL) is the most abundant component of neu-
rofilaments, present in every neurofilament along with
NFH or NFM, and is primarily concentrated in the axonal
region [22].
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When axons are damaged, individual neurofilament
chains can be released into the extracellular space. The
levels of neurofilament chains in biological fluids are
being studied as biomarkers of axonal disorders ac-
companying various neurological diseases. A number of
studies have shown that the levels of individual neurofil-
ament chains may be clinically relevant in multiple scle-
rosis, dementia, stroke, and other neurological diseases
[23-26].
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Conclusions.

Neurological manifestations after coronavirus dis-
ease remain a pressing and significant problem of our
time, demanding immediate and thorough study in the
future not only from the nervous system, but also from
many body systems.

Prospects for further research.

They include the study of neurofilaments as markers
of nervous system damage after COVID-19, the possibili-
ty of early diagnosis of neurodegenerative diseases, and
further prediction of patients’ quality of life.

YPAXEHHA HEPBOBOI CUCTEMM NPU COVID-19
[OHINPOBCbKUiA Aep:KaBHUIT meguuHuii yHiBepcuteT (M. [ Hinpo, YKpaiHa)
ifiliuk7 @gmail.com

MaHdemis COVID-19 ssndemoscs aKkmyanbHol npobaemMoro ceimy ma 3a7uWdeEMsCs 8 UeHmpi ysazu y
menepiwHili yac. Nepebie 3ax80pr0BAHHA MoXe bymu pi3HOMaHimHul, 8i0 6eacumnmomHoeo nepebiay, 3 possamu
f1e2Koi pecnipamopHoi iHgeKyil 00 ¢hyHKYioHAAbHUX nopyweHb 3i cMopoHU 6a2ambox cucmem opeaHi3mu, a came
0uxasbHOI, cepueso-cyOUHHOI, iIMyHHOI, 0 MAKOXC WKIipHI ypaxceHHs, NcuxiyHi poznadu (0enpecis, mpusoaa, po3aad
adanmayii). 30ebinbuwozo gipyc SARS-CoV-2 Halinepwe spaxae HelipoHU HIOX080T YUbBYAUHU, WO Npu38odums 00
rnopyweHsb HKXy ma cMmaky. HeeposioziyHi npossu nicsas nepeHeceHoi xeopobu moxyme 6ymu Halipi3HOMaHIMHiuwi,
HalinowupeHiwuli cumnmom ye 2oa108HuUll binb, AKUl Moxce mamu pi3HUl xapakmep ma A0Kani3ayito. 3i cmopoHu
ueHmMpanbHoi HepPe8oeoi cucmemu -ye eocmpi nopyweHHs MO3K0B8020 Kposoobizy- iwemiyHi ma z2emopaziyHi
iHCynnbmu, MeHiH20eHueganim, yparweHHA YeperHux Hepsis, YparceHHA repugepuyHoi Hepsosoi cucmemu,
cuHOpom lieHa-bappe, ckenemHo-M’s308i ypaiceHHS, 30Kpema paboomionis. B meouyHili nimepamypi ece yacmiwe
3ycmpiyaemobcs mepmiH nocmkogioHuli cuHopom (Post-COVID) -ye cyKynHicms nposegie ycKnadHeHb KopoHasipycHol
iHperyil, kompuli npoaeanseMbCa NAMoA02iYHUMU CMaHaMu ma mae mpueauli nepebie, 8id 12 muxHie ma binbwe,
wo npusodums 00 3asay4eHHA 8 namosoziyHuli npoyec 6aezambox cucmem opaaHiamy. Ha cbo200HIWHIl 0eHb €
8aX#(IUBUM OemasibHe BUBYEHHA MAPKePI8 YpaXeHHA Hepeoeoi cucmemu, ye Hacammneped HelipodezeHepamuegHi
30X80pHOBAHHA, Maki AK xeopoba [eHmuHamoHa, xeopoba Anbuyeelimepa, xeopoba [lapkiHcoHa, po3ciaHuli
CKnepos, 6iyHuli amiompoghiyHuli CKaepo3 ma iHwi nicaa nepeHeceHoz2o 3axeoptos8aHHA COVID-19 0n9 paHHb020

digzHOCMY8aHHA Ma M100aAbWO20 /iKYBAHHA 3 MPO2HO3YBAHHA AKOCMI HUmmMS y nayieHmis.

Knro4oei cnosa: nocmkosioHuUli CUHOPOM, HEBPOsI02ivHI NposAsu, HelipoginameHmu.

38’A30K ny6niKauii 3 n1aHOBUMM HAayKOBO-JoCAiA-
HUMMK poboTamu.

[JaHa pobota € pparmeHtom HAP Kadeanpw Hespo-
norii IHiNPOBCbKOro Aep»KaBHOro MeAMYHOro YHiBepCcU-
TeTy «KniHiko-naToreHeTUYHi 1 NPOrHOCTUYHI MapKepu
nopyLleHb HEPBOBOI CUCTEMM Ta OMTUMI3aLLA AiarHoc-
TUYHUX | NiKYBANbHUX anropmutmie», NO aeprKaBHOI pee-
cTpauii 0122U201970

Bcryn.

KopoHasipycHa xBopoba (COVID-19) — ue pecnipa-
TOpPHEe 3axXBOPHOBAHHA, fIKe BUKAMKaHe Bipycom SARS-
CoV2, 3 xapaKTepHMM YparKEHHAM AMXaNbHUX LUNAXIB.
3 ornAagy Ha XapaKTepHUI TPoMi3M KOpOHa BipyciB, WO
BPa’KaloTb Pi3Hi OpraHyM Ta cUCTEMMU OpraHismy, npuse-
N0 A0 WBWUAKUX TEMMIB PO3BUTKY Ta MOLUIMPEHHSA 3aXBO-
POBAHOCTI MO BCbOMY CBiTi Ta MEpPepocao y NnaHAeMiIto.
Ha cborogHiwHin aeHb COVID-19 € akTyanbHOW npo-
6nemoto cBiTYy, WO NoTpebye NoaanbWOro AeTasbHOrO
BMBYEHHSA, a/le Hacamnepes, Le YCKAaAHEHHA, AKi BUHK-
KaloTb MicNA NepeHeceHoro 3axBopOBaHHA, TaK 3BaHUM
NocTKOBiAHWIM cuHgpom [1]. Mepebir 3axBoprOBaHHA
MO3Ke ByTU HalpPi3HOMAaHITHIWWIA, a came 6e3CUMMNTOMHI
nposBK, aXK 40 NopyweHb GYHKLiIOHYBaHHSA 3i CTOPOHM
baraTbox cuctem opraHiamy. OnucaHo noHazg 200 npo-

ABIB, AKi BigmivatoTb y nauieHTiB, AKI nepeHecan COVID-
19, HaluacTiwe B NiTepaTypi onucaHi aHocmisA/aressis,
3a4MLLIKa, acTeHif, Kalwenb, NigBULLEHHA TemnepaTypu
Tina po cybdebpunbHux undp, 6inb 3a rpyamHoto, ap-
TepianbHa rinepTeHsia, mianrii, apTpanrii, npobaemu i3
KOHLLEHTPALED yBarM Ta NopylweHHAM nam’aTi Ta 6a-
raTo iHwWux cumntomis [2]. HeBponoriyHi ycknagHeHHA
nicns nepeHeceHoi xsopobu COVID-19 BMHMKalOTb AyrKe
4acTo, Hacamnepes ypaxKeHHA LeHTPanbHOI HepBOBOI
CMCTeMM, 3 Came TroCTpi MOpyLIeHHA MO3KOBOro KpOBO-
0biry 3a ilWwemiyHMm Ta remopariyHMm TUMOM, MEHIHro-
eHuedanit, yparKeHHs YepenHux HepBiB, YParkeHHs ne-
pudepunyHoi HepBOBOI cucTtemu, cuHapom lieHa bappe,
a TAKOX MCUXIYHI NOPYLUEHHA.

Merta gocnigKeHHs.

[eTanbHe BM3HAYEHHA HEBPONOTIYHUX YCKAAZLHEHb
nicna nepeHeceHoro 3axsoptoBaHHA COVID-19 Ta aHanis
MapKepis NOpyLeHb HEPBOBOI CUCTEMM MiCAA KOPOHaBI-
pycHOi XxBOpobu AnA yAOCKOHANEHHA PaHHbOI AiarHoc-
TUKM HelipoaereHepaTUBHUX 3aXBOPIOBAHb.

OcHOBHa YacTuHa.

KopoHaBipycn 6ynn igeHTMdiKOBaHi, MnouynHawoum
3 BigkputTa SARS-CoV y 2002 poui. MNicha BmuasneHHsa
SARS-CoV-2 3a gaHMmM niTepaTypu OMMUCAHO Cim KOpO-
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HaBipyciB NtoanHK, a came 229E, OC43, NL63 i HKU1, aki
BMK/IMKAOTb JIETKi 3aXBOPIOBAHHA Ta MATOreHHi BUAM —
KopoHaBipycn SARS-CoV, MERS-CoV i SARS-CoV-2, wo
MatoTb chepnyHy popmy 3 bynasonogibHMMKM WKMNamm
Ha MOBEpPXHi, WO CTBOPKE BUMAL COHAYHOI KOPOHMU.
EnigemionoriyHi gaHi Ta AocnigKeHHs onucanu nepe-
Jayy Bipyca Bif Nt0AWHM A0 NOAWMHM, WO B OCHOBHOMY
BifOYBa€ETbCA Yepes TICHUM KOHTaKT AUXaNbHUX LWAAXIB,
NPSMUIA KOHTaKT 3 iHpiKoBaHMMM 0cobamm abo KOHTaKT
i3 3ab6pygHEHUMM NpeameTamu Ta nosepxHsamu [3, 4].
KopoHaBipyCHW reHOM MiCTUTb YOTUPU OCHOBHI CTPYK-
TYPHi 6inKK: cnaik (S), membpaHy (M), 6in10K 06010HKM
(E) i Hykneokancug (N), yci 3 AKMX 3aKogoBaHi B 3’-KiHLi
reHomy. binok S onocepeakoBye NpUEAHAHHA Bipycy
[0 NOBEPXHEBMX PeLenTopiB KAITUHU-rocnogapa, Lo
Npu3BOAWUTbL A0 3/1MTTA Ta NOAANbLIOTO MPOHUKHEHHSA
Bipycy. binok M € HalnowmpeHiwnm 6inkom i BU3Ha4aEe
dopmy BipycHoi 06010HKM. Binok E € HaimeHWw MM 3 oc-
HOBHUX CTPYKTYpHUX Binkis Ta 6epe yyacTb y 36MpaHHi
Ta 6pyHbKyBaHHi Bipycy. N-6iN0K € eANHUM, LLO 3B’A3Y-
€Tbcs 3 reHomom PHK, a Takoxk bepe ydyacTb y 36ipui Ta
bpyHbKyBaHHi Bipyca [5].

3B’s3yBaHHA Bipyca SARS-Cov2 3 ACE2 Ha noBepxHi
KNITUH € Halinepwum etanom y natoreHesi COVID-19.
Ha naHomy eTani BiabyBa€eTbCA NOLWKOAMKEHHA Ta iHOIKY-
BaHHA KNITUH OpraHiB, a came cepLe, CYAuUHU, HUPKMU, WO
NPU3BOAUTb A0 BUMHUKHEHHA «LMTOKIHOBOrO LUTOPMY»
[6, 7]. LlMTOKIHM MiABULLYIOTb MPOHMUKHICTb CYAMH, LLO
CNPUYUNHAE HAabPAK Ta MOLWMPEHHA peakuii 3anaseHHs.
LITOKIHOBMI WITOPM 3amyCKae Kackag, rinepkoarynauii,
BHAC/iZLOK YOro yTBOPIOIOTLCA APIOHI 11 BeNMKI Tpombu.
MpoHnKHeHHA Bipycy SARS-Cov2 40 LeHTpanbHOi HepBo-
BOT CUCTEMMU, @ Came FO/IOBHOFO MO3KY BMNJIMBAE Ha NpPO-
uecu Aemieninisauii abo/a HenpopereHepauii. OKpim
cunbHoi ekcnpecii ACE2 y pecnipaTOpHUX, TPABHUX, HU-
PKOBO-BUAINBHUX i PENPOAYKTUBHUX KAITUHAX, BMUCOKa
ekcnpecis ACE2 6yna BuABAEHA B MWUTr4a/INHI, KOpi ro-
JIOBHOTO MO3KYy Ta CTOBOypi MO3Ky. HaliBuwwmin piBeHb
ekcnpecii ACE2 6yB BUABMEHUI Y MOCTY Ta AOBracTomy
MO3KY B CTOBOYpi MO3Ky NOAMHU, MICTUTb MeaynspHi
ANXanbHi LEeHTPU MO3KY, Wo npuseno y 6araTbox nai-
eHTiB 3 CoV-19 g0 BaXKKOro pecnipaToOpHOro gucrpecy
[8]. CyyacHi pocnigKeHHA NOoKasytoTb, WO HeCnpUATIu-
BW NPOrHO3 A/1A NaLLEHTIB, AKi 3axBopinn COVID-19, Ha-
camnepes Nos’a3aHUi 3 TakKMMK daKTopamu, AK CTaTb,
nepeBaKatoTb Oifiblle YONOBIKM, aHiXK KiHKM, TAKOXK BiK
(>60 poKiB) Ta HAaABHICTb CYMyTHIX 3aXBOPOBaHb B aHaM-
Hesi, a came apTepia/ibHa rinepTeHsia, Lykposui giabet
Ta CepueBO-CYyAMHHI 3axBOpPOBaHHA -iHPapKT Miokap-
Aa, iwemiyHa xBopoba cepus, BaAM cepus, NOpyLEeHHsA
CepLeBoro puTMy, iHCYNb6TU, BTOPUHHWUIA TOCTPUIA pechi-
PaTOPHUI ANUCTPEC-CUHAPOM Ta iHWIi BaXKAuBi GpaKTopm.

Halinepwum cumntomom 3axBoptoBaHHA COVID-19
ABNAETLCA YaCTKOBA abo/a NOBHa BTPATa HIOXY Ta CMaKy.
OfHakK cnig nigKpecnuTu, WO Le He €AMHA MOXK/MBA
NPWYNHA LMX CTaHiB. byab-AKe MOPYLeEHHA HepBOBMX
LUAAXIB, LLO NPU3BOAUTD A0 NOPYLIEHHSA 30yAKeHHs abo
nepegadi Ha piBHi HlOXOBOro enitenito (Habpsk, Xxpo-
HiYHe 3aMafieHHA, Noainu TOLLO), MOXKe NPU3BECTU A0
ocnabneHHs abo 3HMKHeHHA Hioxy [9, 10]. 3a AaHMMMK
MeAMYHOI NiTepaTypyn aHOCMIsi YaCTO ABAAETLCA OAHUM
i3 NepLwmx CMMNTOMIB HeMpoaEereHepaTUBHUX 3aXBOPIO-
BaHb, HaMpWKAaa, paHHiN npoas xBopobu MapkKiHCOHa
[11].

barato 0GroBOpPETLCA PiI3HMX MeXaHi3MiB npo-
HUKHEHHA KOPOHaBipyCy B MO30K, Lie aHTeporpazHui
Ta PETPorpagHuin, HEeMpPOHaNbHUM LWAAX MNOWMNPEH-
HAA, TPAHCKPUNUiMHUI Ta remaToreHHui wnaxu [12].
YcknagHeHHA HepBoBoi cuctemun npm COVID-19 moxke
BMHWKHYTU Ha Pi3HMX eTanax 3axsoptoBaHHA. OKpim no-
pYLWeEHHA CMaKy Ta HIOXY, iIHQEKLIA TaKoXK MoXe crnpu-
YMHUTU YPaXKeHHs nepudepryHoi HePBOBOI cUCTEMMU, a
came Helponarilo, HEBPUT, nonipaguKynonatia (BKAO-
Yyatoum cuHapom lieHa-Bappe Ta Moro BapiaHT CMHApPO-
my Minnepa-®iwepa), yparkeHHs LLeHTpaibHOT HEPBOBOI
CUCTeMM, TOCTPa remopariyHa HEKPOTUYHa eHLedanona-
Tia [13], KOTpa NPOABAAETLCA KOTHITUBHUM AediluToMm,
ncuxosamu, apeKkTMBHUMK po3nagamu, eHuedanit, ro-
CTPUN AUCceMiHOBaHUI eHuedanoMienit, i301boBaHNM
MIENIT, BAaCKYNIT LEHTPaNbHOI HEPBOBOI CUCTEMMU, Liepe-
6pasibHUIN BEHO3HMI TPOMDO3, eninencis, a TakoX ro-
CTpe NopyLleHHA MO3KOBOIo KPoBOOGIiry 3a iemiuHuni
abo remopariyHMm TMNOM. Y pamKax ypaxKeHHsA HepBo-
BO-M'A30BOi CMCTEMMW, 30Kpema, 3’'ABnA0TbCA 6onicHa
Mianria 3 rinepkaniemieto Ta cnabkicTio, mionaTia y BaXk-
KOXBOPMX Ta 3aroCTpPeHHA miacTeHii abo ii nponsis [14].

Mpun po3sutky iHcynbTy npu COVID-19 mae micue
rinepkoarynsauinHnii ctaH (Tak 3BaHa «Cencuc-iHayKo-
BaHa Koarynonarian), AKMIA € NepeaBiCHUKOM AUCEMI-
HOBAHOIO0 BHYTPILIHbOCYAMHHOIO 3ropTaHHA KpoBi Ta
noB’A3aHUI i3 NOAOBMKEHHAM MPOTPOMBIHOBOrO yacy,
niasuweHHam D-aumepy i TpomboumTONEHieo, ane bes
rinodibpmHoreHemii (ckopiwe 3 nigsuweHHam ¢ibpu-
HOreHy); ue nos’A3aHo 3 nepebiNbleHO CUCTEMHO
3aMasibHOo BiAMOBIAAM, CNPUYMHEHOIO iHeKLieto, abo
KUMTOKIHOBMM LUTOPMOMY, LLO CYMNPOBOAMKYE BaXKKUM
nepebir COVID-19 3 eHaoTenianbHo ANCOYHKLUIED Ta
MiKpOTPOMBO30M i3 OpraHHOK HeAOCTaTHICTIo, ane ne-
peBarkHO 6e3 KposoTedi [15, 16, 17]. AHTUdOCHONINigHI
aHTUTING (NoB’A3aHi 3 apTepiaNbHUM | BEHO3HMM TPOM-
6030M), NiABULLEHHA PIBHA aHTUKAPAIONINIHOBUX aHTU-
Tin IgA Ta nmigBuWeEHHA piBHA aHTUTIN IgA Ta IgG npoTtu
6eTa-2 rikonpoteiHy | 6ynu BuABNEHI Yy NaujieHTIB i3
COVID-19 Ta MHOXUHHUMMK iHDapPKTaMN MO3KY (TaKOX
3 iWeMmielo KiHLiBOK) 3 nogoBskeHHAM a4T4 i MY i 3 nia-
BULWEHHAM C-peakTnBHoro 6inka [18]. MauieHTn, aki
nepeHec/In rocTpe NnopyLleHHs MO3KOBOIo KpoBoOGiry,
MatoTb HaMbiNbWy MMOBIPHICTb PO3BUTKY YCKNAAHEHb
Ta NeTafbHICTb NpWU cynyTHboMy iHdiKyBaHHI COVID-19
[19].

Kapgioembonia B pasi ypaeHHA cepud, cnpuyu-
HEHOro BipYyCOM, TaKOX MOXe OyTM 3acTocoBaHa Ao
PO3BUTKY iHCY/IbTY; YpaXKeHHA CcepuA CYNpPOBOOMKYE iH-
dekuito COVID-19 i € y 20-30% naLieHTiB, CTaH AKUX MO-
Tpebye rocnitanisauyii [20, 21].

[Ona noganblioro BUBYEHHA HEBPOIOTIYHUX YCKNA4-
HeHb MicnA nepeHeceHoro 3axsoptoBaHHA COVID-19 T1a
Yy NOAA/IbLIOMY NPOrHO3YBAHHSA PO3BUTKY HelpoaereHe-
PaTUBHMX 3aXBOPIOBaHb MOME C/yryBaTW BU3HAYeHHA
BMICTy HelipodinameHTiB y CUpOBATLi KPOBi, CMUHHO-
MO3KOBII piguHi, AK biomapKepa yparkKeHHA HepBOBOI
cucTeMu.

HelipodinameHTn € Ba*K/IMBOK YaCTUHOK HENpOLU-
TOCKENEeTHUX CTPYKTYP, MPUCYTHIX B Tinax i B NpoeKu,iax
HEeWpPOHIB LLeHTPaNbHOI Ta NepnudepryHOi HepBOBOI CUC-
Temu. leTeponosnimepHa CTpyKTypa HelpodinameHTiB
CKNAZQAETbCA 3 TPbOX OCHOBHUX CYOOAMHULD, AKUMU €
nerkuii (NFL), cepeaHint (NFM) i Baxkkuid (NFH) naHutorm,
AKi Ha3MBaKOTbCA TPUNNETOM HelpodinaMeHTiB. BaxKuii
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(NFL) € HalinowwmpeHilmMm KOMMNOHEeHTOM Helpodina-
MEHTIB, fIKi MPUCYTHI B KOXXHOMY HelipodinameHTi pasom
3 NFH abo NFM i B ocHOBHOMY 30cepeasKeHi B 0bnacTi
aKcoHiB [22].

MpX MNOLWKOAMKEHHI aKCOHIB OKpemi NaHutorm Hen-
podinameHTiB MOXKYTb BUBIJIbHATUCA B MO3aKNITUHHUMN
npocTip. JocnigyiTbca piBHI  HelpodiamMeHTHUX
NaHutoris y bionorivHux pignHax, Ak HGiomapkepis no-
PYLIEHHA aKCOHAJIbHUX CTPYKTYP, fAKi CYNpOBOAMKYHOTb
Pi3HOMAaHITHI HEBPONOTiYHiI 3axBOpPIOBaHHA. Hu3Ka po-
CNiAXKeHb MOKasana, WO PiBHi OKPEMMUX NaHLOrB Hel-
podiNaMeHTiB MOXKYTb MaTW KAiHIYHE 3HaAYeHHsA npwu
pOo3CiAHOMY CKNepo3i, AeMeHLii, iHCYyNbTi Ta IHWKUX He-
BPONOTYHUX 3aXBOPOBAHHAX [23-26].

BucHoBKM.

HeBponoriyHi npoAsM nicna nepeHeceHoi KOPOHaBi-
pYCHOI XBOPO6M 3anMLWIatOTbCA AyXKe BaXK/IMBOK Ta aK-
TyanbHOO NPobaemoto CboroAeHHA Ta NoTpebye y man-
6YyTHbOMY AEeTa/IbHOrO BMBYEHHA HE Ti/IbKM 3i CTOPOHMU
HEepPBOBOI CUCTEMMU, @ TAKOXK 3i CTOPOHM BaraTbox cuctTem
OopraHismy.

MepcnekTMBM NOAANBLUNX [OCNIAMKEHD.

MonaratoTb y BMBYEHHA HelpodinameHTiB, AK Map-
KepiB ypa*KeHHA HepBOBOI CUCTEMM MicnAa nepeHece-
Horo 3axsoptoBaHHA COVID-19 Ta MOKIMBOCTI PaHHbOI
AiarHOCTUMKN HellpoaereHepaTUBHMX 3aXBOPHOBaHb Ta Y
noAanblWOMy NPOTrHO3YBAHHA AKOCTI XKUTTA Y NALLIEHTIB.
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YPAXXEHHA HEPBOBOI CUCTEMM MPU COVID-19

®intok 1. 0., Kanbbyc O. I.

Pestome. B faHii cTaTTi onncaHi HEBPONOFiYHI yCKNaaHEHHA nicna nepeHeceHoro COVID-19 Ta HeobxigHicTb
YZAOCKOHA/NIEHHA PaHHbOT AiarHOCTUKM HelpoaereHepaTUBHMX 3aXBOPHOBAHb.

3axBoptoBaHHA COVID-19, a Hacamnepes, Ue YCKNaAHEHHs Micns nepeHeceHoi KOPOHaBipycHOT iHbeKL,ii 3aau-
LLIAETHCA aKTyalbHUM NMUTAHHA CbOrOAEHHA Ta NOTPebye NOAANbLIOIO BUBYEHHSA Ta YAOCKOHANIEHHA AiarHOCTUKMN. 3a
OaHUMW MeJUYHOT NiTepaTypy 3aXBOPIOBAHHA Bparkae 6arato cMcTem opraHismy, WO Npu3BoamUTb 40 GYHKLIOHab-
HWUX nopylweHb. OL4HMM 3 OCHOBHMX Ta NEPLUMX MNPOABIB 3aXBOPIOBAHHSA € YacTKOBAa abo/a NMOBHA BTpaTa HIOXY Ta
CMaKy, rofIoBHUI Binb, acTeHis, WBKAKA BTOM/IIOBAHICTb, MOPYLWEHHA Nam’sTi Ta 3MiHM 3i CTOPOHM Ncuxiku. OaHaK
BaXK/IMBMM 32/IMLLAIOTLCA YCKIAAHEHHSA 3i CTOPOHW HEPBOBOI CUCTEMMU, AKI NPOABAAIOTLCA He TibKKN Yepe3 12 Tuxk-
HiB, a/1e TAaKOXK MOXK/IMBUIA PaHHIA NOYATOK. 3i CTOPOHM LEHTPaIbHOI HEPBOBOI CUCTEMMU, @ CAMe FOCTPi MOPYLIEHHSA
MO3KOBOro KpoBOObiry 3a illemiyHMM Ta remopariyHMmM TUNOM, MeHIHroeHuedaniT, yparKeHHs YepenHux HepBiB,
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ypaxkeHHa nepndepmnyHoi HePBOBOT CUCTEMM, BACKYIT LEHTPA/IbHOI HEPBOBOT ccTEMMU, LiepebpanbHUI BEHO3HUIA
Tpomb03, eninencisa. Ha TenepilwHili Yac 3 ornsay YCKNagHEeHHs KOTpi BUHMKAM nicia 3axBoptoBaHHA COVID-19 ue
BCE NOTPebye y NoAanblloOMy AEeTasibHOMO BUBYEHHA MapKepiB yparKeHHA HEPBOBOI CUCTEMM, HAcamnepes Hel-
pofereHepaTMBHI 3aXBOPIOBaHHA, TaKi AK xBopoba MeHTUHITOHa, xBopoba Anbureiimepa, xBopoba MapKiHCOHa,
PO3CiAHUI CKNepos, H6iYHUI amioTpodiyHMIN CKNepos Ta iHWI nicaa nepeHeceHoro 3axsoptoBaHHA COVID-19, wo
€ BaXX/IBUM /19 PAHHbOrO AiarHOCTYBaHHA Ta NOAANbLIONO NiKyBaHHA 3 MPOrHO3yBaHHA AKOCTI XUTTA Y AaHUX
nauieHTiB.

Ha TenepiwHii yac Ta y maibyTHbOMY NOTPeBOYEMO BMBYEHHS HelpodinameHTiB, AK BiomapKepiB yparKeHHn
HEepBOBOI CUCTEMMU MicaA NepeHeceHoro 3axsoptoBaHHs COVID-19, KoTpi BU3HAYAEMO Y CMMHHOMO3KOBI pPignHi
Ta CMPOBATL KPOBI, LLLO [03BOJIAE NPOBEAEHHA PaHHbOT AiarHOCTUKM HellpoaereHepaTUBHMUX 3aXBOPIOBaHb, WO Y
noAanbWOMy AaCcTb MOMK/MBICTb MPOrHO3yBaHHA AKOCTI XUTTA Y MaLiEHTIB.

Knto4oBi cnioBa: NOCTKOBIAHWIA CUHAPOM, HEBPOJIOTiIYHI NPOsABK, HelipodinameHTH.

DAMAGE TO THE NERVOUS SYSTEM IN COVID-19

Filiuk I. O., Kalbus O. I.

Abstract. This article describes neurological complications after suffering from COVID-19 and the need to
improve early diagnosis of neurodegenerative diseases.

The disease of COVID-19, and above all this complication after the transferred coronavirus infection, remains
an actual issue today and requires further study and improvement of diagnostics. According to the medical
literature, the disease affects many body systems, which leads to functional disorders. One of the main and first
manifestations of the disease is partial and/or complete loss of smell and taste, headache, asthenia, rapid fatigue,
memory impairment and changes in the psychics. However, complications from the nervous system remain im-
portant, which appear not only after 12 weeks, but also early onset is possible. From the side of the central ner-
vous system, namely, acute disorders of cerebral blood circulation of the ischemic and hemorrhagic type, menin-
goencephalitis, damage to the cranial nerves, damage to the peripheral nervous system, vasculitis of the central
nervous system, cerebral venous thrombosis, epilepsy. Currently, in view of the complications that have arisen
after the disease of COVID-19, this all requires a further detailed study of the markers of damage to the nervous
system, primarily neurodegenerative diseases such as Huntington’s disease, Alzheimer’s disease, Parkinson’s dis-
ease, multiple sclerosis, amyotrophic lateral sclerosis and others after the disease of COVID-19, which is important
for early diagnosis and subsequent treatment for predicting the quality of life in these patients.

At present and in the future, we need to study neurofilaments as biomarkers of damage to the nervous system
after suffering from the disease of COVID-19, which we determine in cerebrospinal fluid and blood serum, which
allows early diagnosis of neurodegenerative diseases, which in the future will give the possibility of predicting the
quality of life in patients.

Key words: post-COVID syndrome, neurological manifestations, neurofilaments.
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