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NEUROLOGICAL SYMPTOMS AND COMPLICATIONS OF COVID19. MINIREVIEW

Abstract. Since the first official case of COVID-19 in China in December 2019, researchers have been
trying to uncover the mechanism of action of the severe acute respiratory syndrome Coronavirus 2 (Sars-
CoV-2), which attacks several organs in addition to the lungs and causes circulatory changes that can lead
to death not only from lung failure but also due to commitment of other organs. Objective: The aim of this
study is to find out the neurological consequences of COVID-19. Material and methods: A systematic review
of the literature was concretized by mobilizing the descriptors: «Sars-Cov-2», «coronavirus infections» and
«Neurological Consequences». Results and discussion: Although the effects of Sars-CoV-2 on the lung are
exemplary and frightening, the long-term effects on the nervous system may be greater and even
more overwhelming, as the regeneration of nerve tissue is difficult and can lead to general disability, as
the nervous system coordinates the functions of the entire body. All studies show the presence of any kind of
injury (mild or severe) to Central Nervous System, but some of them highlight the need for further studies to
have great certainty. Conclusion: It can be said that the studies all agree on the possibility of existing
neurological sequelae and a majority agree on the need for other studies.

Key words: coronavirus, SARS-CoV-2, neurological consequences, coronavirus pathogenesis.

Introduction. Often, infectious diseases are the cause of local outbreaks. With the active spread of the
process, local outbreaks develop into epidemics, pandemics. So, in December 2019 in the city of Wuhan,
China-Cases of a previously unknown infection characterized by severe acute respiratory syndrome have been
reported for the first time. As a result, it was found that the causative agent is RNA containing the SARS-
CoV-2 (COVID-19) virus, according to WHO data [1]. Earlier SARS-CoV and MERS-CoV epidemics were
registered CoV, but the SARS-CoV-2 virus is more virulent and pathogenic, which was the reason for the
announcement of a pandemic in December 2020. To date, more than 140 million cases have been registered
worldwide, while in Kazakhstan this figure is 367 thousand.

Most often, coronavirus infection manifests itself with respiratory syndrome, and more attention is paid
to studying these issues. However, neurological manifestations were reported in 30-80% of patients with
COVID-19. Nervous system-related symptoms may include headache, dizziness, impaired consciousness,
agitation, acute stroke, seizures, ataxia, and peripheral nervous system symptoms such as syndrome Guillain-
Barre, changes in the sense of smell and taste, as well as painfulneuropathy [2,3,4,5,6,7]. According to studies
of previous respiratory pandemics, neurological symptoms can occur both in the acute period and in the long-
term. So, after the Spanish Flu pandemic, the number of cases of Parkinson’s disease, lethargic encephalitis,
increased. After SARS-CoV, MERS, the incidence of encephalitis, encephalopathies, neuromuscular,
demyelinating diseases, Guillain-Barre [8,9,10,11].

To date, the literature contains data on the manifestation, features of the clinical course of coronavirus
infection, including damage to the nervous system. However, there is insufficient information about the long-
term consequences that may develop 3-6 months or more after the infection. The study of the consequences
will allow evaluating the effectiveness of the treatment, as well as improve the prevention of undesirable
consequences.

Pathogenesis of coronavirus infection. In December 2019, in hospitals in Wuhan began to receive patients
with atypical pneumonia. During the examination of patients, their bronchopulmonary passage was studied.
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A virus that was later named SARS-CoV -2 was detected in the passage of patients. Earlier, there were local
outbreaks of coronavirus infection, but this mutation led to a pandemic. At the moment, the issue of the
pathogenesis of the development of coronavirus infection remains one of the most relevant. There are several
theories about the mechanisms of infection development.

ACE2 receptor. Currently, there are several hypotheses about the mechanisms that cause the signs
and symptoms associated with SARS-CoV-2 infection. According to a number of studies, it is known that
coronavirus infection interacts with ACE2 receptors, which are found in the cells of the nervous system, in
muscles and respond to the regulation of blood pressure in the RAS system. This type of receptor is also found
in the brain, namely in the brainstem, in the medulla oblongata in the thalamus, which makes them a potential
target for coronavirus infection [12,13].

Direct damage to nerve cells. According to the literature, some of the symptoms of coronavirus infection
are anosmia, aughesia. The olfactory nerve is the entrance gate of the virus to the central nervous system. The
peculiarity of the olfactory nerves and the olfactory bulb is that this nerve is like a channel between the nasal
epithelium and parts of the brain, especially the brain stem [14]. Virus infections in the nervous system. In the
brain stem, there are centers that regulate the work of the heart and lungs, which can also cause a severe course
of the disease, as well as the development of consequences against the background of a transferred coronavirus
infection [15,16,17].

Immune response. One of the most relevant hypotheses is systemic inflammation as a result of the body’s
immune response to the pathogen. As a result of the immune response, there is an increase in the secretion of
inflammatory mediators, cytokines, which leads to a cytokine storm and systemic damage. This phenomenon
can lead to damage to endothelial cells and subsequent changes in the permeability of the blood-brain barrier.
Infection can also cause autoimmune encephalitis due to the presence of autoantibodies attacking neurons and
endothelial cells in blood vessels, thus activating the hypothalamic-pituitary-adrenal axis, which causes stress
and other physiological changes due to excessive activation of glucocorticoid effectors and their receptors [18].

Clinic for coronavirus infection.

This viral disease is highly contagious and rapidly spreading. The main routes of transmission of coronavirus
infection are: airborne droplets and contact.

Initial symptoms of coronavirus infection include: fever, cough, shortness of breath, myalgia or fatigue,
headache. In a number of patients, the manifestation occurs with neurological symptoms. Neurological
manifestations were reported in 30-80% of patients with COVID-19. The most common symptoms are
headache, myalgia, dizziness, fatigue, and sleep disorders. Thus, a study was conducted in which 214 patients
were admitted with coronavirus infection to a hospital in Wuhan, 36.4% had neurological manifestations, of
which: CNS 24.8%, peripheral NS 10.7% and musculoskeletal 10.7% [4].

In the literature, cases of manifestation of coronavirus infection with encephalitis in a 56-year-old patient
from Wuhan were described. [19,20]. The patient was admitted to the intensive care unit and presented with a
reduced level of consciousness, so a CT scan of the brain was performed, which was normal. The diagnosis of
encephalitis was confirmed by isolation of SARS-CoV-2 from the cerebrospinal fluid by genomic sequencing.
There was also a case of acute hemorrhagic necrotizing encephalopathy in a patient with a coronavirus infection
who developed symptoms of fever, cough, and changes in mental state. The diagnosis was made by detecting
SARS-CoV-2 by PCR in a nasopharyngeal sample. CT scans of the brain revealed a symmetrical and bilateral
area of hypodensity in the medial nucleus of the thalamus. MRI showed an increase in hemorrhagic lesions after
contrast injection, multifocal and symmetrical, ring-shaped both in the thalami, insula and medial temporal
lobe region. Acute necrotizing encephalopathy, although relatively rare, is a complication described in some
viral infections, including the influenza virus. The authors suggest that its pathogenesis will be associated with
the cytokine storm syndrome described by coronavirus infection [21].

Depending on the course, the following degrees of severity of coronavirus infection are distinguished: mild,
moderate, severe and critical. Patients with mild severity are characterized by an asymptomatic course, or a
mild clinical manifestation without radiological changes. Patients with moderate severity are characterized by
lung damage up to 25%, saturation is not lower than 93%. moderate clinical manifestations. Patients with
a severe degree are characterized by lung damage up to 75%, saturation up to 90%, as well as pronounced
clinical manifestations. In the case of a critical degree, lung damage is more than 75%, saturation is less than
90%, and multiple organ damage is characteristic [22].

As with any infectious process, coronavirus infection is characterized by periods of development of the
disease. The incubation period, which on average lasts from 2 to 14 days, is characterized by the replication of
the virus in the body, usually without any clinical manifestations. The initial period, as a rule, is 1-7 diseases
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with characteristic clinical manifestations, as well as laboratory changes. The height of the disease is divided
into two main phases: early and late pulmonary phases. The early pulmonary phase lasts on average from 8-14
days, and the late pulmonary phase lasts 15-28 days. The main difference between the early and late pulmonary
phases is the severity of the clinical course [23].

According to the literature, there are also 3 main stages, which are characterized by both clinical and
laboratory changes. The first stage is the stage of early infection. It is characterized by the introduction of the
virus into the lung parenchyma through the ACE2 receptor. The main marker of this stage is lymphocytopenia.
The second stage is pulmonary. It is characterized by the development of viral pneumonia, lymphopenia, and
an increase in transaminases, such as CRP. As a rule, the patient is hospitalized at this stage. The third stage is
hyperinflammation. The most severe stage of the disease. It is characterized by the development of a cytokine
storm up to ARDS, MVS. At this stage, patients are admitted to the intensive care unit. In the blood, an increase
in all markers of inflammation is characteristic. At the same time, other organs and systems of the body are
damaged at this stage [24].

Consequences of coronavirus infection. According to the literature, coronavirus infection does not
pass without a trace. So, in a study of the long-term consequences of infection, it was found that 63% of
the examined people developed general muscle weakness, 26% had sleep disorders, and 23% had anxiety.
Also, most patients have respiratory system disorders. To a greater extent, patients who have suffered from
coronavirus infection a more severe coronavirus infection are more susceptible to adverse consequences. At
the stage of patient selection, cases of fatal outcome were registered as a result of insufficiency on the part of
various organs and systems. At the same time, there were cases of repeated hospitalization of patients due to
an increase in complaints and deterioration of the condition [25].

Today, it is difficult to talk about the long-term consequences of coronavirus infection due to the fact that
the outbreak began relatively recently. A number of authors, based on the experience of previous outbreaks,
suggest that the most pronounced consequences will be from the respiratory system. Thus, according to the
literature, among patients who had SARS-CoVa history of SARS - CoV a year, two and fifteen years ago,
persistent changes in the lungs, foci of fibrosis. These changes lead to impaired breathing and quality of life,
respectively [26,27].

Coronavirus infection is characterized by a rapid course and multiple organ damage. According to a number
of authors, the interaction of the virus with the ACE2 receptor contributes to damage to the kidneys, heart,
blood vessels, nervous system and other organs. As a result, patients after coronavirus infection develop
diabetes mellitus, arterial hypertension, thrombosis, and diseases of the nervous system. However, it is not
fully known whether coronavirus infection causes the development of somatic pathologies or only contributes
to the manifestation of a disease that has already been latent [28].

It has long been known that viruses, including respiratory viruses, can enter the central nervous system
(CNS) (neuroinvasion), infect both neurons and glial cells (a property known as neurotropism), and cause
various neurological pathologies. According to the literature, coronavirus infection also has neuroinvasive
properties. Such assumptions were made on the basis of: the experience of previous coronavirus infections,
clinical manifestations, and the creation of models of animal infection with coronavirus infection [29].

To date, the issue of the frequency of occurrence of neurological complications remains relevant. It is noted
that patients who have suffered a coronavirus infection in severe form are more likely to develop neurological
consequences. According to the literature, against the background of coronavirus infection, patients may
develop brain edema, destruction of neurons.

Anosmia and taste disorders are very common in people with coronavirus infection, and can occur suddenly
[30]. The prevalence of olfactory and gustatory dysfunctions was analyzed in the case register of 12 European
hospitals. The study involved 417 patients with mild to moderate coronavirus infection. Patients completed
taste and smell disorder questionnaires based on the nutrition and health survey and a short version of the
Olfactory Taste and Smell Disorder questionnaire. The most common symptoms were cough, myalgia, and
loss of appetite. Olfactory and gustatory disorders were reported in 85.6% and 88% of patients, respectively,
and olfactory dysfunction was the initial symptom in 12% [31].

Patients with coronavirus infection suffer from severe hypoxia, which is a risk factor for encephalopathy. In
a study by Mao et al., 15% of patients with severe coronavirus infection had a disturbed level of consciousness,
while only 2.4% of patients with mild coronavirus infection had a disturbed level of consciousness [4]. Also,
according to a number of authors, the immune-mediated mechanism of damage in coronavirus infection
contributes to the development of acute cerebral circulatory disorders. Most often, patients with concomitant
pathology, as well as patients who have suffered koponaBupycHytoa severe coronavirus infection, are subject
to impaired cerebral circulation.
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The literature also describes cases of damage to the peripheral nervous system against the background of
coronavirus infection. A case of the syndrome Guillain-Barre, associated with SARS-CoV-2 infection, was
described in a 62-year-old female patient who had motor weakness in the lower extremities. The study of
cerebrospinal fluid showed an increase in protein (124 mg /dl) and the absence of cells. Neurophysiological
examination showed an increase in distal delays and the absence of F-waves, indicating a form of demyelinating
GBS. The authors suggest that the patient was infected with SARS-CoV-2 SARS at the beginning of HBS
symptoms, as she had lymphopenia and thrombocytopenia [32].

Conclusion. To date, the literature describes multiple cases of damage to organs and systems, including the
nervous system, during coronavirus infection. However, there is still insufficient data on the long-term effects
of coronavirus infection on the nervous system. To date, it is not fully known whether coronavirus infection
is the root cause or a factor that stimulates the activation of latent processes. In this regard, this issue remains
relevant and requires further study to prevent adverse consequences.
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COVID -19 HEBPOJIOTUSIJIBIK CAUMIITOMJIAPHI MEH CAJIIAPEL
KBICKAIIIA [IOJTY

Annoramus. Keiraiina COVID-19 anramkel pecmu xarjaiibiHan Oacrtarn, 2019 KbUIIBIH KEITOKCAaH
aifpIHza 3epTTeyuiiep OipHelle MyLenepre acep eTeTiH ayblp JKelesl PecupaTopibK CHHAPOMHBIH (SARS-
CoV-2) acep ety MexaHu3MiH amryfa ThIpeicTel. COVID-19 ekIie xoHe KaH aifHaTBIMBIHBIH ©3repyiHe oKemlel,
OYJ1 TEK OKIIC JKETKITIKCI3/IiriMeH FaHa eMeC, COHBIMEH KaTrap 0acka OpraHap/IblH 3aKbIMIATYbIMEH JIC OJTIMIe
okenyi MyMKiH. byn 3eprreynin maxcamor — COVID-19-1b1H HEBPONOTHUSIIBIK 9cepiH aHbIKTay. Mamepuan
Jrcone 20icmep. OnedueTTepre )KyHemi mWody AeCKPUITOPIApIbl )KYMBUIIBIPY apKbLIbl HAKThUTAaHAIbL: “Sars-
Cov-2” ,”KOpOHaBHPYCTHIK MHPEKIHsIAp” KOHE “HEBPOJOTHSIBIK dcepiuep”’. Homuoicenep men manxuliay:
SARS-CoV-2-HiH ekmere THII3eTiH ocepi KayilTi >KoHEe KOPKBIHBIIITHI OOJNFaHBIMEH, JKYHKE KyleciHe
ocepi adTapibIKTall koHe 013 OnaraHHaH Aa ayblp Oomysl MyMKiH, JKylKe TiHIHIH KajimblHa Kelyi KHbIH
OOJIFaHBIKTaH TINTi, MYT€EKTIKKE 9KeIyi e MyMKiH. OfTKeHi Kylike kyieci OyKisi neHeHiH QyHKUUsIIapbIH
y#necripeni. Kenreren seprreyiep opTabIK xKYHKe )KyHeciHiH Ke3-KeJIT'eH KapaKaTbIHbIH (KeH1JI HEeMece aybIp)
OonaTbIHbIH, al Keldipeynepi (CeHIMAUTIK YIIiH) OlaH 9pi 3epTTey KaKETTUIriH KepceTeni. Kopulmuvinovl:
OapibIK 3epTTeylep HEBPOJOTHSJIBIK acKbIHYJapAblH MYMKIHAIMIMEH Kelicemi Ienm aiTyra Oomaibl, ai
KON 0acka 3epTTeyiep Kyprisy KaKeTTUIIrH ajlfa TapTaibl.
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HEBPOJIOI'MYECKHUE CUMIITOMBI U ITIOCJEACTBUA COVID19. MUHUOB30OP

Annoranus. C momenTta neporo opunmaisHoro ciydas COVID-19 B Kurae B mexadbpe 2019 ronma
HCCIIEZIOBATENN MBITAJIUCh PACKPBITh MEXaHU3M JEHCTBHS TAXKEIOro OCTPOro PECIHPATOpPHOrO CHHAPOMA
Coronavirus 2 (Sars-CoV-2), KOTOpbIii TIOpa)kaeT HECKOJIBKO OPraHOB B JIOTIOJTHEHUE K JIETKHE M BBI3BIBACT
HM3MEHEHUS KpOBOOOpAILIEHHSI, KOTOPBIE MOTY T IPUBECTH K CMEPTH HE TOJIBKO U3-32 JIETOYHOW HEAOCTATOYHOCTH,
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HO U M3-3a MOpPa)XXeHUs APYrHMX opraHoB. Llenb: 1enb 3TOro MCCleAOBaHUS - BBIICHUTH HEBPOJIOTMUYECKHE
nocnencteus COVID-19. Marepuan u metoasl. CucteMarndeckuii 0030p JIMTEpaTypbl KOHKPETH3UPOBaH
myTeM MOOWIIM3AIMH JIECKPUITOPOB: «Sars-Cov-2», «KopoHaBHpyCHble WHeKnun» u «Hesposornueckne
rociencTBus». Pesymerarel 1 o0cyxacaue: Xots a3¢dexts! Sars-CoV-2 Ha jerkue 00pa3oBsie U MyTaloIne,
Jonrocpoynslie 3(h(HeKTs Ha HEPBHYIO CUCTEMY MOTYT OBITh OOJiee 3HAYMTEIbHBIMU U JJaske 00Jiee Cepbe3HbIMU,
MOCKOJIbKY pereHepalysi HEpBHOM TKaHH 3aTpydHEHa M MOXET NPUBECTH K 00IIas WHBAJUAHOCTh, TaK KaK
HEpBHAs CHCTEMa KOOPIMHHPYET (YHKIMU BCEro Tena. Bce mccienoBaHus MOKa3bIBAIOT HATUUUE JIIOOOTO
BUJIa TPAaBMBbI (JIETKOM WM TSDKEION) [IEHTPaIbHOM HEPBHOW CUCTEMBI, HO HEKOTOPBIE U3 HUX MTOTYEPKUBAIOT
HEOOXOAMMOCTh JANbHEHIINX WCCIEIOBAHMN IS OONbBIIEH yBepeHHOCTH. 3aKiIOueHHe: MOXHO CKa3aTb,
YTO BCE MCCIIECAOBaHMS COIVIACHBI C BO3MOMKHOCTBIO CYLIECTBYIOIIMX HEBPOJIOTMYECKUX OCJIOKHEHUH, U
OOJIBIIMHCTBO COIIACHBI ¢ HEOOXOANMOCTBIO MPOBEACHUS IPYTHX HCCICI0BaHNH.

KaroueBsie cioBa: kxoponaBupyc, SARS-CoV-2, HeBposormdyeckue TOCIEICTBUS, MaTOTeHE3
KOpOHaBHpYCa.
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