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Pe3rome

AKTyaJIbHOCTb IIPUCTAIBbHON KIMHUYECKOU OLIeHKU IIOpaskeHUsI IeHTPaJlbHOI HEpBHON CUCTEMBI BU-
pycom SARS-CoV-2 omnpenesnisieTcst HU3KOU CITEI(PUYHOCTHIO Psifila HEBPOJOTUUYECKUX CUMIITOMOB, CJIOMK-
HOCTBIO 00'EKTHBU3AIINH sKaJI00 ITanyieHTa, HEOHOPOTHOH 0CBEJOMIEHHOCTHIO M HACTOPOSKEHHOCTHIO 10
IIOBO/Ty UMEIOIIIETOCS CIIEKTPa HEBPOJIOTHYeCKUX cuMIITOMOB COVID-19, HU3KOM YaCTOTOH MTaTOJIOrTYeCKUX
“3MeHeHUH 110 TaHHbIM HepOBU3YyaIu3aluu.

Ilesb 0030pa. BeissBIEHIIE 0CODEHHOCTEH CHUMITTOMATHKY 1 TaTOTeHe3a [TopaskeHNsA [IeHTPAIbHON HepB-
Hol cucteMbl pu COVID-19 Ha oCHOBe aHaJ/IM3a JAaHHBIX KJIUMHUYECKOU IIPAKTUKHY.

13 6os1ee 200 TepBIYHO 0TOOPAHHBIX MCTOYHUKOB JINTEPATYPhI Pa3INIHBIX 0a3 TaHHBIX (Scopus, Web
of science, PUHII u ip.) 1JisT aHa/M3a BeIOpaau 80 UICTOYHUKOB, U3 HUX — 72 UCTOYHUKA, OITyOJTMKOBAaHHBIX
B TeueHue rnocaequux Jjiet (2016-2020 rr.). KpurepreM UCKIIIOYEHU NCTOYHUKOB CJIYKUJIN MaJiast nHGOop-
MAaTHUBHOCTH U yCTapeBIllie JaHHbIe.

KymHmYeckass KapTrHA IOpaskeHus [eHTPAJIbHON HepBHOM cucTeMb mpu COVID-19 BKiTIOUaeT B ceds:
HapylieHue o0oHsAHUA (5-98% cirydaeB), HapyIlleHre BKYCOBOU YyBCTBUTEIbHOCTHU (6-89%), TucGOHUIO
(28%), mucdarwuio (19%), KOJTMYECTBEHHBIE U KaUeCTBEHHbIE HApYIIeHUsT CO3HAHUSA (3—53%), TOJIOBHYTO 60JTb
(0-70%), rostoBokpyskeHue (0-20%), MeHee 3% cJiydyaeB — HapylLIeHWe 3PEeHNs, CIyXa, aTAKCUIO, CyTOPOsK-
HBIY IPUCTYI, UHCYJBT. AHAJINU3 JAHHBIX JIUTEPATyphl I03BOJINJI BBIAEINUTE CAeAyIolIe 3HaYuMble Mexa-
HU3MBbI BO3/1eICTBUS BBICOKOKOHTAarn03HbIX KOPOHABUPYCOB (B TOM uucJje Bupyca SARS-CoV-2) Ha 1jeHT-
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pasIbHYIO HEPBHYIO CHCTEMY: HelipozereHepariysi (B TOM 4¥C/Ie IUTOKMHUHAYIIMPOBAHHAs); IlepeOpambHbIN
TpoM003 U iepedpaTbHasA TPOMO03IMOO0JINS; IOBPEsKIeHNEe HEHPOCOCYINCTON eIMHNIIBI; IMMYHOOIIOCpe-
JIOBaHHOE MTOpakeHWe HePBHOM TKaHU, IPUBOAAIIEe K Pa3BUTHIO MH(EKIIMOHHO-a/JIEpru4ecKoro gemMue-
JIMHUA3UPYIOIIEro IIpolecca.

PaccMoTpesi CHMITTOMBI IIOpaskeHusI HePBHOH cructeMbl Tpyr COVID-19, Takne Kak rosoBHast 60J1b, Fo-
JIOBOKpY>KeHUe, HapyIlleHre 0OOHSIHISA 1 BKYCOBBIX OIIYIIeHUH, N3MeHeHre YPOBHs CO3HAHU, OyJIbOapHbIe
HapyuleHus (qucdarus, gucdoHusa). COOTBEeTCTBEHHO, IPOAHATIM3UPOBAJIN JaHHbIE O BO3MOSKHBIX IIYTAX
npoHuKHOBeHUs SARS-CoV-2 B 11eHTpa/IbHYIO HEPBHYIO CUCTEMY U MeXaHU3MBbI [TI0pasKeHUsI HEPBHOU TKAHMU.

ITo pesysbraraM IIPOBEIEHHOTO AHAIN3A OTeYeCTBEHHON U 3apy0esKHOH JInTepaTyphl IOKA3aJIu BBICO-
KYIO 4aCTOTY U NOJIMMOP(HOCTb CUMIITOMOB ITIOPasKeHUsI IIeHTPAJIbHOM HEPBHOU CUCTEMBI, @ TAK)Ke BAYKHYIO
POJIb COCYIACTOTO MOPaKeHUs TOJIOBHOTO MO3Ta U HelipoJiereHepanuu B natoresese COVID-19.

Karoueevwte cnosa: COVID-19; SARS-CoV-2; uenmpanvHasi HepeHAsl CUCIeMA; UeHMPAabHasl 2unepmep-
Must; 2UNOKCUsL; HelipoOezeHepauusi

KoH(INKT HHTEPEeCOB. ABTOPHI 3asIBJISIIOT 00 OTCYTCTBUHM KOH(MJIMKTA NHTEPECOB.
dunHaHcupoBaHue. Pabora BhITIOJIHEHA TTpU nogaepskke HUII «Kyp4aTOBCKUN WUHCTUTYT» (MMPUKa3
Ne1363 ot 25.06.2019 ).

Summary

Detailed clinical assessment of the central nervous system involvement in SARS-CoV-2 infection is relevant
due to the low specificity of neurological manifestations, the complexity of evaluation of patient complaints,
reduced awareness of the existing spectrum of neurological manifestations of COVID-19, as well as low yield
of the neurological imaging.

The aim. To reveal the patterns of central nervous system involvement in COVID-19 and its pathogenesis
based on clinical data.

Among more than 200 primary literature sources from various databases (Scopus, Web of Science, RSCI,
etc.), 80 sources were selected for evaluation, of them 72 were published in the recent years (2016-2020). The
criteria for exclusion of sources were low relevance and outdated information.

The clinical manifestations of central nervous system involvement in COVID-19 include smell (5-98% of
cases) and taste disorders (6-89%), dysphonia (28%), dysphagia (19%), consciousness disorders (3-53%),
headache (0-70%), dizziness (0-20%), and, in less than 3% of cases, visual impairment, hearing impairment,
ataxia, seizures, stroke. Analysis of the literature data revealed the following significant mechanisms of the ef-
fects of highly contagious coronaviruses (including SARS-CoV-2) on the central nervous system: neurodegen-
eration (including cytokine- induced); cerebral thrombosis and thromboembolism; damage to the neurovas-
cular unit; immune-mediated damage of nervous tissue, resulting in infection and allergy-induced
demyelination.

The neurological signs and symptoms seen in COVID-19 such as headache, dizziness, impaired smell and
taste, altered level of consciousness, bulbar disorders (dysphagia, dysphonia) have been examined. Accord-
ingly, we discussed the possible routes of SARS-CoV-2 entry into the central nervous system and the mecha-
nisms of nervous tissue damage.

Based on the literature analysis, a high frequency and variability of central nervous system manifestations
of COVID-19 were revealed, and an important role of vascular brain damage and neurodegeneration in the
pathogenesis of COVID-19 was highlighted.

Keywords: COVID-19; SARS-CoV-2; central nervous system; hypoxia; neurodegeneration
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BBenenue

OcHoBHOM MuIlIeHbI0 B ratoreHese COVID-19
ABJISIETCA JIbIXaTeJIbHasl CUCTEMA YeJI0BEeKa, OJHA-
KO TI0 Mepe HaKOIJIeHUsI KIIMHUYeCKUX HalJtoe-
HUI CcTaJ O4YeBHUJIHBIM ee HeHpOMHBA3UBHBIN
MIOTEHIINaJ, YTO MOJTBEPsKAaeTCs BBICOKOU pac-
IPOCTPAHEHHOCTHIO HEBPOJIOTUUYECKUAX CUMIITO-
MoB COVID-19, nanpuMep, BbIABJIEHUEM I'UIIO0-
niau anocmuu B 98% cilyuaeB IO peayJbraraM
KOJINYECTBEHHON OIIEHKU OOOHATEJILHON YyB-

Introduction

The human respiratory system is the main tar-
get in the pathogenesis of COVID-19, however its
neuroinvasive potential has become apparent over
time as clinical observations have accumulated, as
evidenced by the high prevalence of COVID-19
neurological manifestations, such as hypo- or
anosmia in 98% of cases diagnosed by olfactory as-
sessment [1]. The relevance of detailed assessment

of clinical central nervous system involvement in
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CTBUTEJBHOCTH [1]. AKTyaJIbHOCTb IIPUCTAIbHON
KJIMHUYECKOU OIIEHKU MTOpasKeHu s IIeHTPaATbHON
HepBHOU cucteMsl (IIHC) Bupycom SARS-CoV-2
OIpeJiesIsieTCs TaKkyKe HU3KOW CIeluPUIHOCTHIO
psila HEeBPOJIOTUYECKUX CHUMIOTOMOB, CJIOK-
HOCTBbI0O OOBEKTHUBM3AUU Kajo0 MalueHTa,
HEOJHOPOJHOU OCBEIOMJIEHHOCTHIO M HACTOPO-
SKEHHOCTBIO II0 IIOBOLY HMMEIOUIETOCs CIEeKTpa
HEBpPOJIOTUYECKUX CUMIITOMOB COVID-19, HU3KOM!
YaCTOTOM IaTOJOTUYECKUX U3MEHEeHHH Mo JaH-
HbIM HEpOBU3YyaIU3aI1H.

C y4eToM BBIIIEN3JI05KEHHOTO I1eTbI0 0030pa
SABJIIETCS BBIABJIEHIE 0COOEHHOCTEH CUMIITOMA-
TUKM ¥ TaTOreHe3a TMOpPa’KEHUs IeHTPaJbHOU
HepBHOU cucteMbl ipu COVID-19 Ha ocHOBe aHa-
JIM3a TAHHBIX KIMHUYECKOU TPAKTUKU.

AHayn3 oTe4ecTBEHHON U 3apyOesKHOH JTuTe-
paTypsl IeMOHCTPUPYET IPEUMYLIeCTBEHHO OIIN-
careJIbHBIN XapaKTep UCCaeq0BaHUH (B TOM YUCJTIE
MeKIyHapOLHBIX MHOTOLIEHTPOBBIX MCCJIEN0Ba-
HUI), OTCYTCTBUE eANHON KOHIETIITUY [IaToTeHe3a
IopaskeHus1 HepBHOU cucTeMbl BUpPycoM SARS-
CoV-2 11 HeJOCTaTOYHOCTh CBEeIeHUIT 00 OTHaIeH-
HBIX HEBpPOJIOTHYeCKUX nocaenctussx COVID-19.

K cumniromam COVID-19, TpaguiinoHHO pac-
CMaTpWBaeMbIM B CTPYKTYpe CHHApOMa OOIIei
UH(PEKITUOHHON MHTOKCUKAIIUHU, TPU 3TOM BO3-
MO>KHO CBsI3aHHBIM C rtopaskenuem [{HC, orHOCAT-
csa runeprepmus (6osee 90% cydaes); IOBBIIIEH-
Hasi yTOMJIsIeMOCTb (45%); roJIoBHAsI 0016 (8-70%);
roJI0BOKpysxkenue (no 20% ciydaes). [ uneprepmus
ABJIAETCA 4aCTBIM CUMIITOMOM B CTPYKTyp€ CHUH-
npoMa o60mieli MHMEKIMOHHONW WHTOKCUKAITUHN
IIPU OCTPBIX PECHUPATOPHBIX 3a00JEeBAHUAX,
ogHako npu COVID-19 ormeuvaeTrcsi HHU3Kas
3 (peKTUBHOCTh NPUMEHEHMs KAPOMOHUKAI0-
INUX CPENCTB, YTO XapaKTepHU3yeT IMpeuMylle-
CTBEHHO IIeHTPAJIbHbIN reHe3 TUIePTeEPMUMN.

Kinnnnueckasa kaptuHa nopaskenusa [[HC
npu COVID-19 BR/IIOYaeT HapyIIeHne 00OHIHUSA
(5-98% cJjryuaeB), HapyllleHUEe BKYCOBOU YyBCTBU-
TeJbHOCTH (6-89%), nucdouuio (28%), nucdaruio
(19%), xoJIMYeCTBEeHHbIE U Ka4eCTBEHHBIE HAPY-
meHus codHanusa (3-53%), mexnee 3% ciry4aeB —
HapyllleHue 3peHus, CJIyXa, aTaKCUIo, CYLOPOXK-
HbBIU IPUCTYI, UHCYJIBT.

Hapymenve o00HAHUS SABJSETCS OJHUM U3
CaMbIX PACIIPOCTPAHEHHBIX CUMIITOMOB OBPEsK-
nenusi HepBHOU cucteMbl ipu COVID-19 (0 98%
cayyaeB) [1-21]. ITogBaeHue TUIO- U aHOCMUU
OOBIYHO MIPOUCXOIUT B MEepBble THU 3aboJieBa-
HuA [2, 6, 7, 15, 19], IINTEJIBHOCTh HapylleHnH B
cpegHeM cocrasJiger 1-2 Henenu [6-8, 13, 15, 17,
19]. Hamboab11mii 06 beM BLIOOPKU NMEJIO HCCJIe-
nmoBaume Lechien J. R. ¢ coast. (2020) (1420 mamu-
€HTOB, CPeTHUI BO3paCT MalueHToB — 39 Jjer),
YyacToTa T'UIIo- 1 anocmuu coctaBusia 70% [8]. Bce
BRJIIOUEHHbIE B aHAJIU3 MCCJAeI0BaHMs BbIIIOJIHE-
HBI B OOHO BpeMsa (nepBad moJsosuHa 2020 r.),

SARS-CoV-2 infection is also due to the low speci-
ficity of many neurological signs and symptoms,
the complexity of standardized patient symptom
evaluation, reduced awareness of COVID-19 neu-
rological manifestations and low yield of neu-
roimaging tests.

Therefore, the aim of this review is to reveal
the clinical manifestations of central nervous sys-
tem involvement in COVID-19 and their mecha-
nisms based on the analysis of clinical data.

Analysis of Russian and international litera-
ture shows mainly descriptive studies (including in-
ternational multicenter studies), lack of a unified
pathogenesis concept of SARS-CoV-2-associated
nervous system damage and insufficient data on
the long-term neurological consequences of
COVID-19.

The symptoms of COVID-19 traditionally con-
sidered as intoxication-related and possibly associ-
ated with CNS damage include fever (over 90% of
cases), fatigue (45%), headache (8-70%), and dizzi-
ness (up to 20% of cases). Fever is a frequent sign of
infection-related intoxication in acute respiratory
diseases, but in COVID-19 the efficacy of antipyret-
ics is low, which suggests a predominantly central
origin of hyperthermia.

The clinical manifestations of central nervous
system damage in COVID-19 include olfactory im-
pairment (5-98% of cases), gustatory disorders
(6-89%), dysphonia (28%), dysphagia (19%), altered
consciousness (3-53%), and, in less than 3% of
cases, visual or hearing disorders, ataxia, seizures
or stroke.

Smell disorders are among the most common
signs of nervous system involvement in COVID-19
(up to 98% of cases) [1-21]. Hypo- and anosmia
usually occur in the first days of the disease (2, 6, 7,
15, 19] and persist for an average of 1-2 weeks [6-8,
13, 15, 17, 19]. The study by Lechien J. R. et al. (2020)
(1420 patients with the mean age of 39 years), the
frequency of hypo- and anosmia was 70% [8]. All
the studies included in the analysis were performed
at the same time (first half of 2020), so the wide
variation in the frequency of olfactory disorders is
unlikely to be explained by altered properties of the
SARS-CoV-2 over time. In studies with a sample size
of more than 100 observations in East Asian coun-
tries, the frequency of olfactory disorders was less
than 50% [2, 11], while in Western countries it was
as high as 86% [3, 5, 8].

A similar situation is seen with taste disorders.
In studies with a sample size of more than 100 ob-
servations, the prevalence of dys- and ageusia
ranged from 5% to 89% [2-8, 10-14, 16, 20, 21], with
lower rates in East Asian countries (5-34%) [2, 11]
and quite high ones in Western countries
(54-89%) (3, 5, 8]. Differences in olfactory and gus-
tatory assessment tools may account for the vari-
ability in the results obtained. Noticeably, the high-
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IT03TOMY MaJIOBEPOSTHO, YTO OOJIBIIION pa3dpoc
YacTOThl HapyIIeHWH OOOHSHUS MOKET 00b-
SICHATBCSI U3MEHEeHHeM CBONCTB Bupyca SARS-
CoV-2 c TeueHneM BpeMeHU. B nccieqoBaHuAX C
00beMoM BbIOOpKH OoJstee 100 HabTIOIEHUH, TIPO-
BeJIEHHBIX B CTpaHax BocTouyHOW A3uu, yacTora
BBISIBJIEHUsI HapyIIeHUN OOOHSHUSA COCTaBMJIA
MeHee 50% [2, 11], mpu aTOM B 3anlaJHbIX CTpaHax
oHa jocrturaJaa 86% (3, 5, 8].

ABanoruyHass CUTyalds IIPOCJIEKUBAETCA
IIpU OlleHKe BKYCOBBIX HAapyIIeHu. B ucciienoBa-
HUSX C 00beMoM BbIOOPKH OoJiee 100 Hab IOE-
HUU pacpoCTPaHEHHOCTh T'MII0- ¥ aT€B3UU Baph-
upyert ot 5 10 89% [2-8, 10-14, 16, 20, 21], c 6osiee
HU3KHUM IIPOIEHTOM BBISIBJIEHUSA B CTpaHax Boc-
TouHOM A3um (5-34%) [2, 11] u JOCTaTOYHOM BBICO-
KHMM B 3alaHbIX cTpaHax (54-89%) [3, 5, 8]. Onpe-
JleJIEHHBII BKJI[l B BAPUATUBHOCTh IIOJyYeHHbBIX
pe3yJIbraToOB MOI'YT BHOCUTh pa3J/In4usi B METOI -
Ke OIIEHKH Kak 0OOHATEJHHOMN, TaK M BKYCOBOM
yyBcTBUTEeAbHOCTH. ObOpariaeTr Ha ceOs1 BHUMa-
HHUe, YTO HauOOJIbIIIasi YaCTOTa HApyIIeHWH 000-
HSHUS W BKYCOBOW YYBCTBUTEJIBHOCTH ObLIa
BBISIBJIEHA B UCCJIE€JOBAHUY, IPOBEJIEHHOM OTOPU-
HosapuHoJioramu Lechien J. R. ¢ coasr. [5].

I[Ipu COVID-19 BO3MOKHOW TIPUYUHOU
BBICOKOW YaCTOThI HAPYIIEHUW 00OHSHUSA U BKY-
COBOTO BOCIIPUSTHUSA MOKET SIBJASTHCSA KaTapasb-
HOe BOCIIaJIeHNe, OHAKO IIPU IPYIUX OCTPBIX pec-
MMUPATOPHBIX 3a00JIeBAHUSIX HACTOJIBKO CHUJIbHOM
CBA3U He IIpocJjeskuBaercsa [4, 22]. YuuTbiBas
BBICOKYIO YaCTOTy Pa3BUTHsI HAPYIIEHUH 000HS -
HUA (00 98% cilyuyaeB) U BKYCOBOI'O BOCIIPUATUA
(mo 89% ciryyaeB) U OYeBHUHOE IpeobJIafaHme
9THX IBYX CUMIITOMOB B CTPYKTYp€ KJINHUYECKUX
nposiiieHn# nopaskenus [THC, 60Jb11yIO 10JTIO
TOTAJIbHOI'O HApyIIEHUs I9TUX BUIOB YYBCTBU-
TeJIbHOCTU (AHOCMUU U areB3WHU), a TAKMKe HX
KPaTKOBPEMEHHOCTDb U 00PaTUMOCTD, KITI0YEBBIM
MeXaHW3MOM HapyIIeHn 000HATETLHON U BKYCO-
BOM YYBCTBHUTEJBHOCTH HauboJiee BEpPOSATHO
ABJISIETCA MOPAYKEHNE PeleNTOPHOro aniapara.

Hapyiienue co3HaHusl sIBJsETCs1 KpaliHe
reTeporeHHbIM U TOJUMOP(HBIM CUMIOTOMOM,
KOTOPBIA XapaKTepu3yeT MHOTHEe COMaTu4yecKue
3aboseBanus. B kimHnueckoit kaptune COVID-
19 ero uacrora cocrasiaser 3-8% ciay4aeB [2,
23-25], ogHako pocturaet 53% y JIUL CTapYeCKOro
BOo3pacTa IIpH TSKEJIOM TedeHUU 3aboJieBa-
HUA [26]. HeoOX0IMMO OTMETHUTD, YTO PacCIIpoCcTpa-
HEHHOCTb TAaHHOT'O CUMIITOMAa He MMeJia Pa3HUIIbI
B cTpaHax BocTouHOM A3UM U 3amaIHBIX CTPaHaX.

Bynwbapable Hapymenus npu COVID-19
BBISIBJIEHBI TOJILKO B MccjegoBanuu Lechien J. R.
¢ coagr. (2020), koTopoe OBLTIO MPoBeIeHo B EBpo-
ne (CpegHW BO3paACT MAIlMEHTOB COCTaBUJ 39
Jet): yactora guconuu — 28%, nucharuu —
19% ciiyuaes [5]. B 1pyrux BK/IIOUEHHBIX B aHAJIN3
HCCJIeJIOBAaHUSIX CBeJIeHNs 110 rucdOoHMU 1 qucda-

est frequency of olfactory and gustatory disorders
was found in the study by Lechien J. R. et al. whose
authors were otolaryngologists [5].

In COVID-19, virus-induced inflammation
may be a possible cause of the high frequency of ol-
factory and gustatory disorders, however there is no
such association in other acute respiratory dis-
eases [4, 22]. Given the high frequency of smell (up
to 98% of cases) and taste disorders (up to 89% of
cases) and their obvious predominance among
clinical manifestations of CNS involvement, the
large proportion of severe disorders (anosmia and
ageusia), as well as their short duration and re-
versibility, the key mechanism of olfactory and taste
disorders could most likely be the damage to the re-
ceptors.

Altered consciousness is an extremely variable
and multifaceted condition seen in many diseases.
Its frequency in COVID-19 is 3-8% [2, 23-25], but
can reach up to 53% in the elderly with severe dis-
ease [26]. Importantly, the prevalence of this sign
did not differ between East Asian and Western
countries.

Bulbar disorders in COVID-19 were reported
only by Lechien J. R. et al. (2020), who included pa-
tients from Europe (mean age 39 years): the fre-
quency of dysphonia was 28%, the one of dyspha-
gia was 19% [5]. In other studies included in the
analysis, dysphonia and dysphagia were not re-
ported, which is most probably attributable to the
targeted assessment of swallowing and vocalization
done by specialized otolaryngological examination
in the study by Lechien J. R. et al.

Dysphonia and dysphagia may be part of bul-
bar and pseudobulbar syndromes, which, in turn,
result from either brainstem or bilateral supranu-
clear damage. According to Helms J. et al. (2020),
patients with COVID-19 rarely demonstrate acute
brain lesions on MRI [27], therefore dysphonia and
dysphagia are unlikely to be caused by pseudobul-
bar syndrome. However, dysphonia and dysphagia
as part of bulbar syndrome without focal brain ab-
normalities on MRI are often found in neurodegen-
erative diseases, primarily amyotrophic lateral scle-
rosis, which suggests a role of neurodegeneration
in CNS damage by SARS-CoV-2. Taking into ac-
count the previous data on highly contagious coro-
navirus infections and extrapolating them to SARS-
CoV-2, we should note that, in experiments with
mice, the MERS virus when injected intranasally
was able to reach the brain stem and thalamus
through olfactory nerves [28], whereas the SARS-
CoV virus triggers neuronal death with no signs of
inflammation in brain [29] suggesting a typical
neurodegenerative process. Several studies have
confirmed the association between SARS-CoV and
a higher risk of Parkinson's disease and multiple
sclerosis [30-37]. Another probable cause of dys-
phonia and dysphagia in COVID-19 may be pre-
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T'UY He ObLIN TPEeJICTaBJIEHB], YTO HanboJIee Bepo-
SITHO 00'BSICHSIETCSI IPUTIETHHOM OLIEHKOU IIOTa-
HUS ¥ TOJIOCO0Opa30BaHMUs B paMKax OTOPUHOJIA-
PHHIOJIOTUYECKOTO0 OCMOTpa B MCCJIEJOBaHUU
Lechien J. R. c coaBr.

HducdonHusa u gucdarusi MOTyT BXOJUTH B
CTPYKTYpy Oyab0apHOTO M IICEeBAOOYJIHOAPHOTO
CHHIPOMOB, KOTOpbIE, B CBOIO 04epelb, ABJIAIOTCA
MPOSIBJIEHVEM ITOPAKEHMS JITOO CTBOJIA TOJIOBHOTO
MO03T3a, MO0 TBYCTOPOHHETO HATBSAIEPHOTO ITOpa-
skeHust. [1o nanabpiM Helms J. ¢ coaBr. (2020), y manu-
eHToB ¢ COVID-19 no pesyssraraM MarHUTHO-Pe30-
HaHCHOU TOMOTpaduu KpaiHe PeJIKO BbISABJISIOTCS
OCTpBIE ITaTOJIOTUYECKHEe W3MEHEHUs BellecTBa
TOJIOBHOI'O MO3ra [27], cjieqoBaresbHO, IIPEeAII0JI0-
SKUTb, YTO IPUYNHOU pa3BUTUA JUCHOHUM U TUC-
(parnm sBIIsIETCA TICEBIOOYIBOAPHBIN CHUHIPOM
BPSAJA JIX BO3MOYKHO. OfHAKO TUchoHMs U aucda-
T'Usl B CTPYKType Oyib0apHOTO crHIpoma 6e3 ova-
TOBBIX U3MEHEeHUH BellecTBa roJI0BHOI'O MO3ra 110
JAHHBIM MarHUTHO-PE30HAHCHOU TOMorpaduu
YaCTO BCTpEYaIOTCsl IIpU HelpojereHepaTuBHBIX
3aboJIeBaHUsX, IPEKIE BCETO, DOKOBOM aMHOTPO-
(pudecKoM CKJepo3e, 4TO II03BOJIsIET IIPeNIoJIo-
SKUTB poJib HeliponereHepauyu B nopaskenuu [LTHC
BupycoMm SARS-CoV-2. IlpuHuMasa BO BHUMaHUeE
IIOJIyYeHHbIE paHee JaHHbIe O BBICOKOKOHTAaruo3-
HBIX KOPOHABUPYCHBIX UH(EKINSIX U 9KCTPAIIOJI-
pys ux Ha Bupyc SARS-CoV-2, Heo6x0muMo oTme-
TUTh, 4YTO, IO JAHHBIM 9JKCIEPUMEHTAJbHBIX
HCCJIeJOBAaHUH Ha J1abOpaTOPHBIX MBIIIAX, BUPYC
MERS npu nHTpaHa3aJIbHOM BBEIEHUU CIIOCOOEH
JOCTUTraTh CTBOJIA TOJIOBHOI'O MO3ra M Tajaamyca
yepe3 000HATEIbHBIE HEPBHI [28], a BUpyC SARS-
CoV nHUIIUApyeT rudessh> HEHPOHOB B OTCYTCTBHE
IIPU3HAKOB BOCHAJIUTEbHBIX U3MEHEHUU Belle-
CTBa rOJIOBHOI'O MO3ra [29], YTO TaKKe XapaKTepu-
3yeT TUIIOBOM HelpoJlereHepaTUBHBIN Ipoliecc. B
pslle McciiefoBaHUM MOATBEPsKIEHA CBA3b MEKIY
BupycoM SARS-CoV u 60Jj1ee BLICOKUM PUCKOM pas-
BUTHs 0071€3HM [[apKUHCOHA 1 PAcCETHHOTO CKJIe-
posa [30-37]. Emie ogHOU BEpOATHOU NMPUYUHOU
muconun m gucharuu npu COVID-19 mosker
ABJIATHCA IPEUMYLIECTBEHHO IeMUeJTNHU3APYIO-
IIlee OpaskeHUe YeperHbIX HePBOB KayJaJIbHON
rpynnsl.  IIpennosioskuresbHO, ayTOMMMYHHOE
rnopaskeHnue nepudepruieckoil HEPBHOU CUCTEMbI
npu COVID-19 MOYKeT SABJATHCSA TPUYUHOHN psa
CUMITOMOB (MUQJITUH, HECTOMKOTO OHEMEHUs B
KOHEYHOCTSIX 110 MO3aWYHOMY THITY), YTO TpeOyeT
OILIEHKM II0 JJAHHBIM 3JIeKTpOHelipoMuorpadpuu,
OJTHAKO B JIOCTYITHON OTEYEeCTBEHHOU U 3apydesk-
HOU JIUTeparype OTCYTCTBYIOT CBEJIEHUS O Pe3yib-
Tarax aJIEKTPOPU3NOJTOTUIECKOU OlIEHKH repude-
puueckux HepBOB Ipu COVID-19 (3a UCK/TIOUeHreEM
cJIyyaeB pa3BuTUs cuHapoma ['nitena—-bappe).

PacnipocTpaneHHOCTS Ileajruueckoro CuH-
gpoMma y manueHToB ¢ COVID-19 cocraBisser
0-70% [1-4, 6, 8-11, 24, 25, 38-63], rOJIOBOKpYKe-

dominantly demyelinating damage to the caudal
cranial nerves. Presumably, autoimmune damage
of the peripheral nervous system in COVID-19 may
result in several signs and symptoms (myalgia,
non-sustained mixed-type numbness in the limbs)
requiring electroneuromyography; however, the
available Russian and international literature lacks
electrophysiological data of peripheral nerves in-
volvement in COVID-19 (except for the cases of
Guillain-Barré syndrome).

Headache is seen in 0-70% [1-4, 6, 8-11, 24,
25, 38-63], whereas dizziness was reported in
0-20% of patients with COVID-19 [2, 8, 10, 11, 23,
25, 47, 48, 50, 55, 57, 59, 62, 63]. Headache is more
common in patients with gastrointestinal manifes-
tations [43] and has a low frequency when no radi-
ological evidence of lung damage is found [44].

Muscle pain, along with non-specific cerebral
presentations, can be associated with acute respi-
ratory diseases, especially influenza. The frequency
of myalgia in COVID-19 is 0-70% [1, 4, 8, 9, 23-25,
38-40, 40-42, 46-48, 50, 51, 54-56, 58-60, 62-71].
Interestingly, in patients with a transplanted kid-
ney, the incidence of myalgia in COVID-19 was
5% [64], which is most likely due to concomitant
aggressive immunosuppressive therapy.

Potential routes of SARS-CoV-2 entry into the
brain include hematologic spread combined with
increased permeability of the blood-brain barrier,
retrograde transport via olfactory neurons [2] or
vagal nerve afferents from lungs or gastrointestinal
tract [72]. In retrograde entry through mechanore-
ceptors and chemoreceptors of lungs, SARS-CoV-2
could affect respiratory and vasomotor centers of
medulla oblongata, causing neurogenic respiratory
failure [72, 73].

Wu. et al. (2020) presented the most detailed
concept of mechanisms responsible for the brain
damage in coronavirus infection [74]. According to
the authors, the main mechanisms of neuronal
damage resulting in toxic infectious encephalopa-
thy, viral encephalitis and acute cerebrovascular
events can include:

* direct viral damage causing impaired circu-
lation and demyelination;

* hypoxic damage and increased anaerobic
metabolism;

e interaction with angiotensin-converting
enzyme-2 (ACE2) receptors;

* immune damage leading to systemic in-
flammatory response syndrome.

ACE2 receptors are found in the cerebral mi-
crocirculatory system, which may contribute to
brain vulnerability in COVID-19 [75, 76].

Pathomorphological abnormalities in the
brain of patients with COVID-19 were detailed by
Zairatyants O. V. et al. (2020) [77] and include dif-
fuse hypoxic and focal ischemic lesions of different
sizes with occasional ischemic infarcts (in large ar-
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Husa — 0-20% ciayyaes [2, 8, 10, 11, 23, 25, 47, 48, 50,
55,57,59, 62, 63]. TostoBHAast 00JIb Yallle BLISABJISAET-
€Ay IalMEeHTOB C HAJIMYMeM CUMIITOMOB IIOpaske-
HUA JKeJTyJOYHO-KUIIIEeYHOr o TpakTa [43] u nmeer
HU3KYIO 4aCTOTy IIpU OTCYTCTBUHU PaAu0JIOrade-
CKUX JAHHBIX O TIOPAsKEHNN JIETKUX [44].

BoJsb B MbImImax, Hapsiy ¢ 00IeMo3TOBOM
CUMIITOMATUKOU, MOKET COMMPOBOKIATH OCTPhIE
pecrimparopHbie 3a00JeBaHUsI, B 0COOEHHOCTH
rpuni. Yacrora muanruu npu COVID-19 cocraB-
aset 0-70% [1, 4, 8, 9, 23-25, 38-40, 40-42, 46-48,
50, 51, 54-56, 58-60, 62-71]. IHTEpECHO, YTO Y
MallMeHTOB C TPAHCIJIAHTUPOBAHHOW IMOYKOU
4acToTa BbIABJIeHUA Mmuaarum npu COVID-19
cocraBuia 5% [64], yro HauboJjiee BepPOSITHO
00yCJIOBJIEHO COMNYTCTBYIOIIEH WHTEHCUBHOU
MMMYHOCYIIPECCUBHOU Tepanuen.

[lorernyajspHble NIyTH NPOHUKHOBEHUS
Bupyca SARS-CoV-2 B ITHC BKJIIOYAIOT B ceOs
reMaTOTeHHOE PaCIPOCTPAaHEHNE B COYETAHUHA C
MOBBIIIIEHNEM ITPOHUIIAEMOCTHY reMaTodHIIedaTn-
yecKoro 6apbepa, peTporpaaHylo Iepeaavy yepes
000HATEJIFHBIE HEUPOHBI [2], peTporpagHyIo
repenavyy 4yepes OJIYKIAIONIAN HEPB M3 IbIXa-
TeJJbHOU CHCTEMBI U SKeJIYJOYHO-KUIIEeYHOIO
TpakrTa [72]. IIpennoJiaraercs, 4To, IpOHUKAs peT-
POTPAHO Yepe3 MeXaHOPeleNTOPbI ¥ XeMOpeIlel-
TOpHI Jierkux, Bupyc SARS-CoV-2 mosker mopa-
5KaTh JbIXaTeJbHBI M COCYJOABUIrATEIbHBIN
[IEeHTPbI TMPOJOJTOBAaTOTO MO3Ta, YTO MOKET
COMPOBOKIAaTHCSI HEUPOTEHHOU JbIXaTeJbHOU
HEJIOCTAaTOYHOCTHIO (72, 73].

HawuboJee mostHOE IpeACcTaBJIeHUE O ITaTore-
He3e BJIMSHUA BBICOKOKOHTAaruo3HOU KOPOHaBU-
pycHoii unpexnuu Ha [THC npeacrasuau Wu Y. ¢
coasrT. (2020) [74]. ITo MHEHUIO aBTOPOB, K OCHOB-
HBIM MeXaHU3MaM MOBPesKIeHUsI HEPBHOU cHUCTe-
MbI, TIPUBOJAIIUM K PA3BUTUIO TOKCUYECKOU
WH(QpEKINOHHON 3HIledansonaruy, BUPYCHOMY
9HIE(ATUTy M OCTPHIM IepeOdpPOBACKYISAPHBIM
3ab0J/IeBaHUAM, MOKHO OTHECTH:

— HEeNOCPeJCTBEHHO BUPYCHOE IIOBPEXKIe-
HHUE 3a CYeT HapylleHUusA LUPKYIANUN KPOBU U
JTeMHueJTUHU3aInn;

— TUINOKCUYECKOe MOBpEsKIeHNe U ITOBBI-
IIIeHre aHA9POOHOT0 MeTab0IU3Ma;

— B3aUMOJIEUCTBUE C pellenTopaMu aHTHO-
TeH3WHIIpEeBpaIIanIero gepmeHTa-2;

— MMMYHHO€ IOBPEXJEeHHe C pa3BUTUEM
CUHJIPOMA CUCTEMHOT0 BOCITAJUTEILHOTO OTBETA.

PerieniTopbl aHTMOTEH3WHIIPEBPAIIAIOIIETO
(¢epmeHTa-2 NpeCcTaB/IeHbl B MUKPOIIUPKYIATOP-
HOM pYyCJIe TOJTOBHOTO MO3Ta, YTO MO>KET 00yCJI0B-
JIMBATh €ro yA3BUMocTh npu COVID-19 [75, 76].

[Taromopdosiornyeckre n3MeHeHUsI TOJI0B-
Horo moara y nanueHtoB ¢ COVID-19 mogpo6HO
onmcanbl 3arparbsauil O. B. ¢ coasr. (2020) [77] u
BKJIIOYAIOT: T1((y3Hble THTIOKCUYECKUE U 04aro-
Bble WIIEMUYECKUE TOBPEXKIEHUS pPa3HOU

terial thrombosis), microangiopathy, vasculitis, di-
apedetic and confluent hemorrhages, sometimes
progressing to hemorrhagic infarcts and less com-
monly to intracerebral hematomas. In some cases,
the differential diagnosis of manifestations and
complications of COVID-19 with cerebrovascular
diseases can be challenging, especially in comorbid
patients. Another issue to consider is specific en-
cephalitis and meningitis potentially causing lym-
phoid perivascular and meningeal infiltration (sep-
sis can be absent as well).

Analysis of the literature data highlighted the
following significant mechanisms of the impact of
highly contagious coronaviruses (including SARS-
CoV-2) on central nervous system: neurodegener-
ation (including cytokine-induced), cerebral
thrombosis and thromboembolism, damage to the
neurovascular unit, immune-mediated damage of
nervous tissue, leading to the infection-induced
and allergic demyelination.

Few reports of neuroimaging features of SARS-
CoV-2 associated brain damage were made available.
In March 2020, radiological evidence of COVID-19
brain damage manifested as acute hemorrhagic
necrotizing encephalopathy was published. Politi L.
S. etal. (2020) demonstrated topically correlated cor-
tical changes in COVID-19-induced anosmia for the
first time in vivo using neuroimaging studies [78],
which in combination with the above-mentioned as-
sumed leading role of receptor damage suggests a
secondary injury of olfactory neurons involved in the
pathogenesis of COVID-19-induced anosmia.

According to Mao L. et al. (2020) who exam-
ined 214 patients hospitalized for COVID-19, the
incidence of acute stroke was 2.8% (6 cases, includ-
ing 5 ischemic ones), while in severe COVID-19 it
reached 5.7% (5 cases, including 4 ischemic
ones) [2]. In 2 out of 6 cases, the stroke developed
without typical COVID-19 presentations, however
the clinical, laboratory, and radiological manifesta-
tions appeared several days later.

COVID-19 can associate with an increased risk
of cerebrovascular accidents and subsequent ad-
verse clinical outcome. In medical and surgical
practice, the perioperative period has a similar pat-
tern. Among intrahospital strokes, 30% are periop-
erative, which can be considered as a clinical model
of cerebrovascular accident because this type of
stroke has a pre-defined time of onset. Pathogene-
sis, prevention and treatment of perioperative
stroke have been studied in detail, as well as the
pattern of postoperative cerebral dysfunction [79,
80] (see figure).

Embolism, hypoperfusion, hypoxia, cerebral
microhemorrhage, and systemic inflammatory re-
sponse play a key role in the pathogenesis of periop-
erative stroke and postoperative cerebral dysfunc-
tion, which corresponds to the main mechanisms of
vascular brain damage in COVID-19. The similarity
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CxeMa naToreHe3a nepronepalioOHHOr0 HHCYJIBTa U MOC/Ie0NePalOHHOI MO3roBoi quc(yHKIMHU B XHpypruu [79, 80].
Pathogenesis of perioperative stroke and postoperative cerebral dysfunction in surgical patients [79, 80].

BeJIMYUHBI, BIJIOTh O Pa3BUTUSA UIIIEMUYECKUX
WHMaAPKTOB (TpU TpoMOO03axX KPYIMHBIX apTepUil);
MHMKpPOAHTMOIIaTHIO; BACKYJIUT; Aualle/ie3Hble U
CJIMBHbIE KPOBOU3JIWSAHUS, UHOITIA NIPOrPeCcCu-
pylolye 10 reMopparunyeckux nH(papKToB U peske
BHYTPUMOS3TOBBIX 'eMaToM. B psifie cirydaeB cepb-
e3HyI0 Ipo0JieMy TpejacTaBisieT nuddepeHIn-
aJIbHAasA MAarHOCTHUKA NPOSIBJIEHUN U OCJI0YKHEe-
Hnii  COVID-19 ¢ 1epebpoBacKyJIsIpHBIMHA
3aboJsieBaHUSAMY, OCOOEHHO Yy KOMOPOHWIHBIX
MaIeHTOB, a TAKYKe HEBO3MOYKHOCTb UCKJIIOUUTh
cnenuduyeckuil sHIeGAJIUT U MEHUHTUT KaK
MPUYNHY JTUM(OUITHONU IEPUBACKYIISIPHON 1 000-
JIOYEeYHOU UH(PUIBTPAIUU (B TOM YHUCJIEe U B OTCYT-
CTBUE CeIlcuca).

AHanV3 MAAHHBIX JIKTEPATYPhI ITO3BOJIUAT
BBIIEJIUTD CJEAYIOIINe 3HAaYNMble MeXaHU3MbI
BO3/IEHCTBHSA BHICOKOKOHTArM03HBIX KOPOHABU-
pycos (B ToM yucse Bupyca SARS-CoV-2) ma LTHC:
HelponereHeparys (B TOM YHCJe ITUTOKUHUHAY-
UpOBaHHasI); IlepedpaTbHBINA TPOMO03 U 1eped-
pasibHasA TpoMO03IMOOJIHS; TIOBPEsKIeHNEe HEHPO-
COCYAMCTON €TUHUIIBI; UYMMYHOOIIOCPEIOBAaHHOE
TopaskeHre HePBHOW TKaHM, IPUBOJISIIIEE K pas-
BUTHIO WH(QEKIIMOHHO-A/JIEPTUYECKOTO JeMHUe-
JIMTHU3UPYIOIIEro mpoIecca.

B nuTeparype npeacTaBIeHbl HEMHOTOYHC-
JIeHHbIe HaOJTI0/IeHN s HEHPOBU3yaTN3aMOHHBIX

of the main therapeutic targets makes it possible to
use the results of studies on the prevention and
treatment of perioperative stroke and postopera-
tive cerebral dysfunction (including the preventive
use of a combination succinic acid-based antihy-
poxic drug) [79] to outline the preventive and ther-
apeutic strategies for cerebral vascular damage in
COVID-19.

Conclusion

Thus, the analysis of available literature has
shown a high frequency and variability of neurolog-
ical COVID-19 manifestations, as well as an impor-
tant role of cerebral vascular damage and neurode-
generation in the pathogenesis of COVID-19.

ocobenHnocreit nopaskenusi LITHC Bupycom SARS-
CoV-2. B mapre 2020 1. ObLIM OMyOJIMKOBAHBI
paguoJiornyecKure TaHHbIe O IOPasKeHUU I'OJ10B-
Horo Mo3ra npu COVID-19 B Buie oCTpoU reMop-
paruveckoil HeKpOTU3UpyIolle sHIedaTI0naTHN.
Politi L. S. c coasr. (2020) o 1aHHBLIM HelipoBU3ya-
JIN3alluU BIIEPBBIE i1 ViV0 IPOLEMOHCTPUPOBAINA
npu anocmum Besegcteue COVID-19 Tonnuecku
KOpPEeCIOHIUPYIOIYie U3MEeHEeHNA KOPbI F'0JIOB-
HOTO Mo3ra [78], 4To B coOUYeTaHUU C BBIIIIEN3JIO0-
SKEeHHBIMHU IIPEeAIOChIIKaMU K Beayllell poJiu
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MOpasKeHUsI PENEenTOPHOro anmnapara Ho03BoJsAeT
MIPEIIOI0KUTh BTOPUYHOE TOpaskeHne 000HsI-
TeJIbHBIX HEUPOHOB B MaTOreHe3e aHOCMUU TIPU
COVID-19.

ITo mamabiM Mao L. u coasnt. (2020), 110
peayJsisraTam obcJiefoBaHus 214 maruenTos, roc-
NUTAIU3APOBaHHBIX 10 IToBoxy COVID-19, yacto-
Ta OCTPOTrO HAPYIIEHUsI MO3TOBOr0 KpOBOOOpa-
ey cocrasuia 2,8% (6 ciaydaes, U3 HUX 5 — 110
AIIEMHUYECKOMY TUILY), a IIPU TAMKEJIOM TeYCHU!U
COVID-19 —5,7% (5 cny4aes, U3 HUX 4 — 10 UIIIe-
Mu4eckomy tumy) [2]. I3 6 cay4aeB MO3rOBOIO
WHCYJIBTAa B 2 CJIy4asix WHCYJIBT NeOITHpOBaJl B
OTCYyTCTBHE TUNWYHBIX cuMnOToMoB COVID-19,
OITHAKO 3TU KJIMHUYECKUE, Tab0paTopHbIe 1 PEHT-
reHOJIOTUYeCKHe TNPU3HAKU NOSABUJNCH Yepel
HECKOJIbKO JTHEH.

[epuon 60ae3uur COVID-19 conmpoBoskIaeTcst
IIOBBIIICHHBIM PUCKOM Pa3BUTHSA OCTPOIrO Hapylle-
HUST MO3TOBOT'0 KPOBOOOPAIIeHMs], KOTOPOE, B CBOIO
oyepenb, B 3HAYUTEJILHOU CTENeHW IOBBINIAET
PUCK HEOJArompUATHOTO KJIWMHUYECKOTO HCXOIa
COVID-19. B kmuHUYeCKOW U XUPypPrudecKou pakK-
THUKE aHaJOrM4YHON OCOOEHHOCTBIO OOJiazaer
neproIepanoHHbIN teprof. Cpeayu BHYTPUTOCIIN-
TaJIbHBIX MHCYALTOB 30% COCTaBJIAIOT IIepUoIiepa-
IIMOHHbIE WHCYJIBTHI, KOTOPbIE MOTYT OBITH pac-
CMOTpPEHbl B KaudecTBe KJIMHUYECKOU MOoJesu
OCTPOTO COCYIWCTOTO COOBITHS, TTOCKOJBKY 3TO
€ITUHCTBEHHbIN BHUJ HHCYJIBTA, KOTOPBIA HMeeT
3apaHee ouepUeHHbIe CpOKY aebrora. OcobeHHOCTH
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Acute-onset smell and taste disorders in the context of COVID-19: a
pilot multicentre polymerase chain reaction based case-control
study. Eur. J. Neurol. 2020; 27 (9): 1738-1741. DOI: 10.1111/ene.14273.
PMID: 32449247.

naroreHesa, NpopUIaKTUKU U JIeUeHUs epuoIe-
PaIOHHOTO MHCYJIETa TOAPOOHO U3YYEHHI, B TOM
4KcJie B CTPYKTYPE I0C/Ie0IepalliOHHON MO3TOBOM
nucdyHKumy (79, 80] (pHUCYHOK).

KitodeBylo poJib B IIaToreHese mnepuonepa-
LIMOHHOT'0 MHCYJIBTA 1 IT0CJIe0NepariioHHON MO3Tro-
BOH TUC(YHKIMH UTPAIOT IMOOJHS, TUHIONIEPY3us,
TUTIOKCHS, TiepebpasibHbIe MUKPOKPOBOUIIUSHUS
Y CUCTEMHBIN BOCHAINTEIbHBIN OTBET, YTO COOTBET-
CTByeT OCHOBHBIM MeXaHHW3MaM COCYIUCTOIO
MIOBPEXKIEHUsI BellecTBa TOJOBHOIO MO3ra IIpu
COVID-19. UteHTUYHOCTh OCHOBHBIX T€pAleBTUYEe-
CKUX MUIIIEHEeH I03B0JIsIeT UCI0JIb30BaTh pe3yJIbTa-
ThI UCCJIEOBAHUN O IPO(PUIAKTUKE 1 JI€YEHUIO
[IeprONEePAIMOHHOI0 MHCYJIBTA U II0C/Ie0epariioH-
HOI MO3TOBOU JUCQYHKINH (B TOM uHncjie Ipodu-
JIAKTUYECKOTO ITPUMEHEHNsI KOMIIIEKCHOTO aHTUT Y-
IIOKCAHTHOI'O Ipenapara Ha OCHOBe SHTApHOU
KUCJOTHI) [79] U151 oTipeieieHUsI TAKTUKU TTPOdu-
JIAKTUKU M JIe4eHUsl COCYJUCTOTO IIOPaKeHUs
rosoBHOro Mo3ra mpu COVID-19.

3akJrouenue

Takum o6pasom, TI0 pe3ysbTaTaM MPOBeeH-
HOTO aHaJ3a OTEYEeCTBEHHOW W 3apybeskHOU
JIUTepaTyphl MOKa3aHa BbICOKAsS YaCTOTA U IIOJIU-
MopdHOCTh cuUMITOMOB mopakenus IIHC, a
TaK’Ke BasKHasi poJib COCYIUCTOTO IOpaKeHUs
rOJIOBHOTO MO3ra ¥ HelpojereHepaluy B marore-
He3e COVID-19.
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