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In the acute period of COVID-19, more than 1/3 patients develop neurological symptoms, 25% of which
can be attributed to direct damage to the central nervous system. Most often, all these complications arise
due to the penetration of the virus into the systemic circulation, its dissemination and damage to the vascular
endothelium. All clinical manifestations associated with the penetration of COVID-19 into the nervous tissue
can be divided into several groups:1) signs of damage to the central nervous system, including headache,
impaired consciousness, encephalitis, cerebrovascular diseases, seizures and ataxia; 2) signs of damage to
the peripheral nervous system, such as anosmia/hyposmia, dysgeusia, visual disturbances, neuralgia and
Guillain-Barre syndrome; and 3) signs of damage to the musculoskeletal system, such as myopathy, myalgia

and fatigue.

The aim of the review was to identify the main sources and mechanisms of nerve tissue damage in

COVID-19 disease.

Literature search was conducted in the Web of Science, PubMed and Scopus databases. The search was
carried out by the following keywords: «COVID-19», «nerve tissue», «endothelial dysfunction», «oxidative
stress», «neuroinflammation». The literature search yielded 329 results, of which 234 articles.

As a result of the analysis of the articles, 2 main groups of studies were identified: descriptive and
experimental. The pathogenesis of damage to the nervous system by the COVID-19 virus has two sources:
by infecting nerve endings, such as olfactory sensory neurons, and retrograde penetration of the virus into the

brain.
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2019 witnessed the emergence of a new Serious
Acute Respiratory Syndrome Virus (SARS), which
causes the incidence of pneumonia in Wuhan.
Pneumonia was noticeable because it did not
respond to the standard treatment regimen [6]. The
clinical symptoms of SARS are fever, dry cough,
sore throat, pneumonia, severe shortness of breath
(shortness of breath) and myalgia [1]. This symptom
complex is caused by the SARS-CoV-2 virus and
contributes to hypoxia, which can affect the brain and
other organ systems. The World Health Organization
has named this disease coronavirus - disease of 2019
(COVID-19). The SARS-CoV-2 virus shares genome-
level sequence homology with other pathogenic
B-coronaviruses, such as SARS-CoV, Middle East
Respiratory Syndrome coronavirus (MERS-CoV) and
human coronavirus OC43 (HCoV-OC43).

The virus enters human cells through a pathway
controlled by the angiotensin converting enzyme
receptor 2 (ACE2), primarily affecting the human
respiratory tract[3, 32]. The main function of ACE 2is to
convert angiotensin Il (Ang Il) to Ang1-7. This peptide
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potentially has a vasodilating effect and suppresses
the activity of the renin-angiotensin system. ACE2
also promotes SARS-CoV-2 endocytosis by binding
to S-protein. Also, there is an evidence that ACE 2
has a dual role: as a pathway of virus penetration,
and a means of protection against oxidative stress
in case of lung damage. In contrast to ACE-2, ACE
is responsible for the formation of angiotensin Il by
cleavage of angiotensin |, which subsequently binds
to the angiotensin type 1 receptor and changes
vascular tone, blood pressure, circulating fluid volume
and electrolyte homeostasis.

So, SARS-CoV-2, binding to the ACE2 receptor,
not only penetrates into cells, but can also reduce
ACEZ2 activity, which is accompanied by an increase
in ACE activity and may play an important role in the
pathogenesis of the disease [2]. The expression of
ACEZ2 is higher in the small intestine, heart, testicles,
kidneys and thyroid gland and is average in the
lungs, large intestine, bladder, liver, adrenal glands
and minimal in bone marrow, spleen, blood and
brain. The ACE 2 receptor is not found in microglia,
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endothelial cells and pericytes of the human brain and
is expressed in a limited amount in the hippocampus.
As for the nervous system of the body, according
to M. Heneka and co-authors, in the acute period
of COVID-19, more than 1/3 of patients develop
neurological symptoms, of which 25% can be
attributed to direct damage to the central nervous
system. Most often, all these complications
arise due to the penetration of the virus into the
systemic circulation, its dissemination and damage
to the vascular endothelium [14, 19]. All clinical
manifestations associated with the penetration of
COVID-19 into the nervous tissue can be divided
into several groups:1) Signs of damage to the central
nervous system, including headache, impaired con-
sciousness, encephalitis, cerebrovascular disea-
ses, seizures and ataxia; 2) signs of damage to
the peripheral nervous system, such as anosmia/
hyposmia, dysgeusia, visual disturbances, neuralgia
and Guillain-Barre syndrome; and 3) signs of damage
to the musculoskeletal system, such as myopathy,
myalgia and fatigue [34]. As other individual diseases
that may manifest these symptoms are encephalitis
and encephalopathy, strokes, and rarely encephalitis.
A clear example of this is one of the postmortem
studies, which showed that six patients in Germany
had changes in encephalitis and meningitis with
signs of perivascular and inflammatory changes in
the brain stem associated with the loss of neurons
[33]. Encephalitis, particularly, plays a significant
role in SARS-CoV-2-mediated CNS damage, as
does encephalomyelitis [25]. Interestingly, several
studies have shown that activation of microglia and
astrocytes is a key mediator of the neuroinflammatory
response induced by SARS-CoV-2 infection. For
example, Kanberg and co-authors investigated
glial activation in patients with moderate to severe
COVID-19 by measuring plasma biomarkers of
CNS damage. It was also found that the light chain
protein of neurofilaments was significantly elevated in
patients with severe infection (P < 0.001), whereas
glial fibrillar acid protein was elevated in both patients
with severe infection and in patients with severe form
(P =0.001) and patients with moderate infection (P =
0.03). Another case report recorded an increase in the
expression of glial fibrillar acidic protein in the white
matter of a patient who died from COVID-19 [12].
Another example showing the involvement of
microglia in neuroinflammation is an experimental
study in mice. In which it was shown that microglia
plays a key role in clearing debris and in initiating
demyelination after infection with neurotropic
coronavirus, but is not necessary at later stages of
remyelination. It is a well-known fact that neurotropic
coronaviruses, such as the HBV HIV strain, cause
acute and chronic demyelinating encephalomyelitis.
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In this experimental study, it was shown that after
infection with the neuroattenuated variant rJ2.2 of
the JHMV virus, (referred to here as JHMV), mice
develop mild acute encephalitis approximately
5-10 days after infection (DPI), in which 80-90% of
mice survive. The surviving mice develop immuno-
mediated demyelination and paresis/paralysis of the
hind limbs as a result of virus clearance, starting
from 7-8 dots per inch and reaching a peak at 12-14
dots per inch. These mice then begin to recover from
demyelination and undergo remyelination as the
antiviral immune response weakens. It is currently
known that microglia are activated after infection with
JHMV and play a critical role in the early immune
response to the virus; if they are absent during the
first on the 3rd day of infection, mice are uniformly
susceptible to infection. But the question remains
whether microglia plays a pathogenic or protective
role in demyelinating encephalomyelitis [24].

Thus, the aim of the review was to identify the main
sources and mechanisms of nerve tissue damage in
COVID-19 disease.

Literature search was conducted in the Web of
Science, PubMed and Scopus databases. The search
was carried out by the keywords: «COVID -19»,
«nerve tissue», «endothelial dysfunction», «oxidative
stress», «neuroinflammation». The literature search
yielded 329 results, of which 234 articles. This topic
has been sanctified since 2020. The question has
become more and more relevant over time. And the
largest number of articles falls on 2022. Articles in
English and Russian were included. 35 articles were
selected.

As a result of the analysis of the articles, 2
main groups of studies were identified: descriptive
and experimental. The articles of the descriptive
group discuss clinical signs, features of tissue
demyelination, indicators of inflammation in the
blood. In the experimental group of articles, data were
presented to build a structured model for the study
of the neuroinflammatory and demyelinating process.

Mechanisms of cellular homeostasis and
plasticity of brain tissue in COVID-19 lesions. All
the above studies prove the vulnerability of the nervous
system to SARS-CoV-2, and that infection of the brain
and peripheral nervous system can lead to dysfunction
of other organs, and subsequently to multiple organ
failure. The hypothalamus-pituitary-adrenocortical
(HPA) axis is very sensitive in patients with COVID-19
to many humoral factors. The main activators of the
HPA axis are IL-6, IL-13 and TNF. This axis plays a
key role in regulating the pro-inflammatory response
and suppressing the immune response by releasing
glucocorticoids. In case of damage to the blood-brain
barrier (BBB) in patients with COVID-19, the HPA axis
may be activated, which can lead to neutrophilia and
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lymphopenia. It is known that reactive microglia and
macrophages penetrating into the brain disrupt the
mechanisms of cellular homeostasis and plasticity,
such as the continued generation of myelin-forming
oligodendrocytes, myelin plasticity and the generation
of new neurons in the hippocampus. Local cytokine
secretion by microglia contributes to at least part
of this dysregulation. Elevated circulating cytokine
levels/chemokine levels, especially CCL11, may
also limit neurogenesis and contribute to cognitive
impairment.

All these facts indicate that even patients who
have had COVID-19 in a mild form have subsequent
manifestations of cognitive deficits. Colloquially
known as «COVID-fog», the COVID-related cognitive
impairment syndrome is characterized by impaired
attention, concentration, information processing
speed, memory and executive functions. Together
with increased indicators of anxiety, depression,
sleep disorders and fatigue, this cognitive impairment
syndrome contributes significantly to the incidence of
‘prolonged COVID’ and in many cases does not allow
people to return to their previous level of professional
activity [25].

Pathogenesis of the lesion in COVID-19. At
the same time, an increased level of cytokines in
patients with COVID-19 leads to an immune reaction
in vascular endothelial cells, which jeopardizes the
body's defenses against SARSCoV-2 virus in various
organs [35]. So, in the lungs, inflammation causes
hypoxia in damaged tissues due to an inflammatory
reaction, and hypoxia itself already creates a situation
for the production of more inflammatory cytokines by
immune cells in the same place. This may be due to
the expression of hypoxia-induced factor 1a (HIF-
1a), a critical factor that is activated under hypoxia
conditions. HIF-1 is a conservative heterodimeric
transcription factor that is regulated by oxygen
availability and concentration. From all this, it can
be concluded that the expression of HIF-1a in the
focus of inflammation is regulated as a response to
inflammation-hypoxia. Macrophages and neutrophils,
as important phagocytic cells existing in tissues,
play a crucial role in the innate immune response
against various pathogens, such as viruses. At
normal concentration and oxygen saturation, they
express low levels of HIF-1a, but on the other hand,
when oxygen demand and/or its supply is interrupted,
the expression of HIF-1a begins to increase. The
transcriptional activity of HIF-1a includes an increase
in cell survival, as well as stimulation of the expression
of angiogenic factors such as VEGF, as well as pro-
inflammatory cytokines (for example, interleukin 1
B or IL-1B, IL-6, IL-12 and tumor necrosis factor-a)
at the site of inflammation caused by infection. This
increase in the levels of pro-inflammatory cytokines,
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as well as previous levels, can lead to deterioration
and/or initiation of a cytokine storm, which is a serious
risk factor for the severity of the disease [7].

As for endothelial dysfunction, its markers are
proteases, cell adhesion molecules, glycocalyx
components, clotting factors such as tissue factor,
sE-selectin, endothelin-1, endogenous nitrites,
nitrates, total nitrates, arginase and plasminogen
activatorinhibitor type 1. In addition, according to some
data, itwasrecorded thatincreased release of integrins
and selectins during inflammation was associated
with higher activation of the endothelium [21]. Also,
endothelial dysfunction can lead to a decrease in
the expression of vasodilating and antithrombotic
molecules (for example, nitric oxide (NO). In the case
of patients with COVID-19, this manifests itself in the
form of pulmonary vasculopathy, microangiopathy,
thrombosis and alveolar-capillary occlusion [15].
It is noteworthy that micro- and macrovascular
thrombosis are present in both1 venous and arterial
circulation, and that venous thrombotic phenomena
(for example, pulmonary embolism) are associated
with elevated D-dimer levels in patients with COVID-
19. According to one of the studies, 31% of cases of
thrombotic complications were reported in patients
in the intensive care unit with infections caused by
COVID-19 [4]. Other sources give examples of the
level of thrombotic complications that led to a fatal
outcome, so abnormal coagulation parameters were
determined, including significantly higher levels
of D-dimer and fibrin breakdown products, longer
prothrombin time and activated partial thromboplastin
time in non-survivors with COVID-19 [17]. While
there is an information, demonstrating that patients
with pulmonary embolism had higher levels of
D-dimer levels than those who do not have them [31].
According to pathoanatomic autopsies, it was found
that thrombotic microangiopathy in small vessels and
capillaries of the lungs contributed to death in patients
with severe COVID-19 [18].

In parallel with endothelial dysfunction, the
pathogenesis is aggravated by oxidative stress
(OxS) caused by endocrine and cardiovascular
molecules, such as angiotensin-Il, which leads to a
violation of the redox balance of cells. OxS leads to
the loss of biochemical properties of macromolecules
that allow the development of lipoperoxidation
(for example, malondialdehyde (MDA), protein
carbonylation (for example, products of extended
protein oxidation), glucose oxidation products (for
example, methylglyoxal (MGO), a precursor of
products of extended glycation) and DNA oxidation
(for example, 8-oxoguanine). OxS biomarkers are
associated, particularly, with dysfunction of the
cardiovascular and respiratory systems [10, 11,
20]. As for the nervous system, it is noteworthy that
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there were no signs of infiltration of lymphocytes or
leukocytes in areas of the human brain infected with
SARS CoV-2.

As a result, it has been suggested that, although
the virus is neurotropic, it does not cause an immune
response, as is the case with other neurotropic
viruses, such as Zika, rabies, herpes. Infected
neurons derived from organoids created a local
hypoxic environment. A similar condition occurring
in the brain can affect vascular networks and lead
to ischemic infarction, which causes further infection
of the tissue [29]. Thus, according to the author of
Spence, hemorrhagic stroke was lower in patients with
COVID-19 compared to ischemic stroke. Ischemic
stroke in patients with COVID-19 can be caused by
hypercoagulation, vasculitis and cardiomyopathy.
Hemorrhagic stroke can be caused by rupture of
the cranial vessel endothelial cells that express the
ACE2 receptor. It is believed that cytokine storm can
also damage blood vessels and cause hemorrhagic
stroke [31].

To conclude, the pathogenesis of damage to
the nervous system by the COVID-19 virus has two
sources: by infecting nerve endings, such as olfactory
sensory neurons, and retrograde penetration of the
virus into the brain. It is also believed that cytokine
storm and viral sepsis can indirectly disrupt the BBB
and cause coagulopathies leading to endothelial
dysfunction and brain damage and stroke. Other
sources have tried to identify common biomarkers
for stroke and COVID-19. So, in one of the studies,
patients with respiratory insufficiency were evaluated,
and it was found that these patients had elevated
levels of matrix metalloproteinase-9 (MMP-9) in blood
serum. It is known that matrix metalloproteinases
(MMPs) are a pathological sign of many
neurodegenerative diseases and increase regulation
in both stroke and COVID-19. The source of this
MMP-9 is probably neutrophils and macrophages
of the lung [23]. Other MP, the level of which was
increased in the blood serum of patients with COVID-
19, are MP-3 (stromelizin-1), MMP-8. Based on this,
it has been suggested that MMPS and SARS-CoV-2
are mainly based on respiratory and pulmonary stress
[27, 16, 28, 13, 26]. Other studies have also shown
that MMPs can cleave the soluble Fas ligand (fasl),
releasing it into the extracellular medium. Moreover,
the researchers demonstrated that neutrophils
induce apoptosis in epithelial cells of the lungs using
sFasL [22]. The Fas system, which includes both
membrane-bound (MFAs and mFasL) and soluble
(sFas and sFaslL) forms, plays an important role in
apoptosis and immune regulatory reactions [8]. Thus,
sFasL inhibits the interaction between Fas and FasL
on the cell surface and blocks programmed cell death
[5, 19]. Consequently, sFasL may be a dysfunctional
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agent among immunoregulatory reactions against
COVID-19 and may contribute to the maintenance
of harmful inflammatory processes that are involved
in the activation and survival of neutrophils by
suppressing Fas. Determining the role of sFasL
and Mps as therapeutic targets in the fight against
excessive inflammatory immune response in severe
COVID-19 requires further study of neutrophils, sFasL
and MMPs in COVID-19 [34].
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COVID-19 N HEPBHAA CUCTEMA: NMATOINEHE3, MEXAHM3MbI U MOCINEOCTBUA

'HAO «KaparaHamHckuini MeguumHckuin yHueepcuteT» (100008, Pecnybnuka KasaxctaH, r. KaparaHpa,

yn. Forons, 40; e-mail: info@gmu.kz)

*Ilua HypnaHoBHa TakeHoBa — poktopaHT; HAO «KaparaHgmHckunii meguumHckuin yHuBepcuteTy; 100008,
Pecnybnuka KasaxctaH, r. Kaparanga, yn. lorons, 40; e-mail:takenova@gmu.kz

B ocTpeinn nepuog COVID-19 6onee 4yem y 1/3 naumMeHTOB pa3BmBaloTCA HEBPOOrMYeckne CUMnTombl, 25%

N3 KOTOPbIX MOXXHO OTHECTM K NPSIMOMY MOPAXXEHWUIO LIEHTParbHOW HEPBHOW cUcTeMbl. Yalle Bcero Bce aTu
OCIOXXHEHMS BO3HUKAIOT M3-3a MPOHMKHOBEHMWS BUPYCa B CUCTEMHbIV KDOBOTOK, €ro AUCCEMMHALNN U MOBPEX-
OeHusa cocygucToro aHooTenus. Bce knvHu4eckne nposiBNeHUs!, CBsi3aHHble C NPOHUKHOBeHNMem COVID-19
B HEPBHYIO TKaHb, MOXHO pPa3fdenuTb Ha HECKONbKO rpynn: 1) Npu3Haku nopakeHus LeHTparbHON HEPBHOM
CUCTEMBI, BKITHOYas rofNoBHY0 60nb, HapyLLeHNe Co3HaHWs, aHLedanuT, uepebpoBackynspHble 3abonesaHus,
CYLIOPOTY 1 aTakcuio; 2) NPU3HaKM NopaxeHus nepndepmnyeckort HEPBHOWM CUCTEMBI, Takue Kak Kak aHocMus/
rMNOCMUS, ANCTEB3US], HAPYLLEHWs 3pEHUS, HEBpanrus n cuHapom MiieHa-bappe; 3) NprM3Haku NoBpeXaeHNs
OMOPHO-ABUraTENBHOIO annapara, Takme Kak MMonaTus, MManrust U yToMnsaemMocTb.

OcHoBHON Lenbio 0630pa nutepaTypbl ObINO BbISBIEHNE OCHOBHBLIX MCTOYHUKOB U MEXAHWU3MOB MOBPEX-
OeHns HepBHoW TkaHu npyn COVID-19.

Mounck nutepaTtypbl NnpoBoauncs B 6asax aaHHbIx Web of Science, PubMed, Scopus. lNouck ocyuiecT-
BMANCA no kntoyeBbiM crioBam: «COVID-19», «HepBHas TKaHb», «3HAOTeNnManbHasa QUCHYHKUUSA», «OKUCIN-
TenbHbIN CTpecc», «HernpoBocnaneHuer. lNonck nutepaTypsbl gan 329 pesynsTaTtos, U3 KOTOpbIX 234 cTaTbMu.
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B pesynbrate aHanusa ctatey Obinu BblgeneHbl 2 OCHOBHbIE TPYMMbl UCCIe40BaHWUA: onucartesbHbie 1
3KCMEepPUMEHTASbHbIE.

MaToreHe3 noBpexaeHusi HepBHOM cucteMbl BUpycoM COVID-19 MmeeT gBa MCTOYHMKA: MyTeM 3apa-
XEHUS HEPBHbIX OKOHYAHWW, TakMX Kak OOOHSATENbHblE CEHCOPHbIE HEWPOHbI, U PETPOrpagHoro NPOHMKHO-
BEHWUS BUpYCa B FOSIOBHOWM MO3T.

Knoveabie crnosa: COVID-19; HepBHasi TkaHb; aHAOTENManbHas OUCHOYHKLMS; OKUCITUTENBHbIA CTPECC;
HelipoBocnaneHve

J1. H. TakeHosa™, []. A. Knroes!
COVID-19 XXOHE XXYMKE XXYUECI: MATOMEHE3I, MEXAHU3MAEPI )KXOHE CANOAPLI

'«KaparaHobl MegmuuHa YHnsepcuteTi» KeAK (100008, KasakctaH Pecnybnukacel, KaparaHabl k., [oronb K-ci,
40; e-mail: info@gmu.kz)

*Ilna HypnaHoBHa TakeHoBa — AokTopaHT; «KaparaHabl MeguuunHa YHuepcuteTi» KeAK; 100008, KaszakctaH
Pecnybnukacel, KaparaHgbl k., [oronb k-ci, 40; e-mail: takenova@qgmu.kz

YKepgen COVID-19 keseHiHae nauuweHTTepaiH 1/3 OeniriHeH actambl HeBponorusnblk 6enrinepai gambl-
Tagbl, onapabiH 25% - UeHTpanbHOWM opTarblK XKYWKe XXYWECIHIH, Tikenen 3akbiMaaHyblHa XaTKbidyFa Oonagbl.
KebiHece Byn ackbiHynapablH 6apribifbl BUPYCTbIH XXYMENiK KaHFa eHyiHEH, OHbIH, TapanyblHaH XaHe TaMblpribl
3HOOTENUIAIH 3aKkbiMAaHyblHaH TybiHOAanabl. COVID-19 xyike TiHiHe eHyiHe 6ainaHbICTbl Gapnblk Knn-
HUKanbIK kepiHicTepai GipHewe Tonka Genyre 6onagbl: 1) opTanbIK XYAKe XXYWECiHIH 3akpiMaaHy Oenrinepi,
COHbIH iWwiHAe 6ac aypybl, caHaHblH By3binybl, aHUedanuT, uepebpoBacKkynaprbik aypynap, KypbiCyrap »aHe
aTtakcust; 2) nepudepusrblk XKynKe XyWeCiHiH 3aKkbiMaaHy 0enrinepi CUsaKTbl aHOCMUS/TMMOCMUS, ANCTey3us,
Kepy KabineTiHiH Oy3binybl, HEBpanrus xaHe [MnbeH-bappe CMHOPOMLI; XaHe 3) MuonaTusl, Muanrus xeHe
LapLuay CUsIKTbl TipeK-KMMbIN annaparbiHbIH 3akeiMAaHy benrinepi.

WonyabiH Heriari makcatbl-COVID-19 aypyblHAarbl XyWKe TiHiHIH, 3aKbIMOaHYbIHbIH HEri3ri ke3aepi MeH
MexaHU3MAEPiH aHbIKTay.

Opebuetteppni isney Web of Science, PubMed, Scopus gepekkopnapbiHaa xyprisingi. 13gey « COVID-19y,
WKyMKe TiHOepi», «3HO0TENUA OMCHYHKUUSCHI», «TOTbIFY CTPECCi», «HelpouHdnamauusa» Kint cesnepi 6on-
bIHLWWA Xyprisinai. ©9aebuetTepai isgey 329 HoTmke 6epai, OHbIH 234-i Makananap.

Makananapgbl Tangay HaTWXeciHae 3epTTeyaiH 2 Herisri ToObl aHbIKTanabl: cunaTTamarnblk XXaHe JKcne-
PUMEHTTIK.

COVID-19 BUPYCbIHbIH XYWKe XYNECiHIH 3aKkbiMOaHYbIHbIH NaTOreHesiHiH eki ke3i 6ap: unic cesy HelpoH-
Japbl CUSKTbI XKYIMKE YLUTapbIH XYKTbIPY XX8HE BUPYCTbIH, MUFa PETPOrPaaThIK EHYi.

Kinm ce3dep: Covid-19; xyiike TiHOEPI; 9HOOTENUN OUCHYHKUUSCHI; TOTbIFY CTPECCi; HeliporHdnamauus
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