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Neurological symptoms and complications of COVID-19. Minireview

Since the first official case of COVID-19 in China in December 2019, researchers have been trying to uncov-
er the mechanism of action of the severe acute respiratory syndrome Coronavirus 2 (SARS-CoV-2), which at-
tacks several organs in addition to the lungs and causes circulatory changes that can lead to death not only be-
cause of lung failure but also failure of other organs. The aim of this study is to find out the neurological con-
sequences of COVID-19. A systematic review of the literature was concretized by mobilizing the descriptors:
“SARS-CoV-2”, “coronavirus infections” and ‘“Neurological Consequences”. 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 disabil-
ity, as the nervous system coordinates the functions of the entire body. Considered studies point out the pres-
ence of various injuries (mild or severe) to central nervous system because of COVID-19 infection. It can be
said that the studies all agree on the possibility of existing neurological sequelae and a majority emphasize on
the need for further investigation.
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Introduction

Often, infectious diseases are the cause of local outbreaks. With the active spread, these infectious dis-
cases develop into epidemics, pandemics. In December 2019, in the city of Wuhan, China, for the first time,
cases of a previously unknown infection characterized by severe acute respiratory syndrome were recorded.
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 as CoV. Howev-
er, because of its virulence and pathogenicity the SARS-CoV-2 virus was declared as 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. Nonetheless, 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 painful neuropathy [2—7]. According to studies of
previous respiratory pandemics, neurological symptoms can occur both in the acute period and in the long-
term. Thus, 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, de-
myelinating diseases, Guillain-Barre grew [8—11].

To date, the literature contains data on the manifestation, features of the clinical course of coronavirus
infection, including nervous system disorders. 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 conse-
quences.

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

ACE?2 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, coronavirus infection
interacts with ACE2 receptors, which are found in the cells of the nervous system, in muscles and respond to
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the regulation of blood pressure in the RAS system. This type of receptor is also found in the brain, namely
in the brain stem, in the medulla oblongata in the thalamus, which makes them a potential target for corona-
virus infection [12, 13].

Direct damage to nerve cells. According to the literature, some of the symptoms of coronavirus infec-
tion are anosmia, aughesia. The olfactory nerve is the entrance gate of the virus to the central nervous sys-
tem. 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]. 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 [15-17].

Immune response. One of the most relevant hypotheses is systemic inflammation. As a result of the
immune response to the pathogen, 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 autoim-
mune encephalitis due to the presence of autoantibodies attacking neurons and endothelial cells in blood ves-
sels, 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 mani-
festations were reported in 30-80 % of patients with COVID-19. The most common symptoms are headache,
myalgia, dizziness, fatigue, and sleep disorders. Therefore, 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 pa-
tient 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 di-
agnosis 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 coro-
navirus 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 in-
crease 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].

Based 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 it includes multiple organ damage [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 days
with characteristic clinical manifestations, as well as laboratory changes. The duration of the disease is di-
vided 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 studies, there are also 3 main stages, which are characterized by both clinical and la-
boratory 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 lymphocytope-
nia. The second stage is pulmonary. It is characterized by the development of viral pneumonia, lymphopenia,
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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 with an
increase in all markers of inflammation in the blood. 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 ex-
amined 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 a se-
vere 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].

Since the outbreak of coronavirus infection began relatively recently, so far all estimates of long-term
consequences are preliminary and hypothetical. Based on the experience of previous outbreaks from perspec-
tive of many researchers the most pronounced consequences will be from the respiratory system. Consider-
ing the results of the studies, it was found that among patients who had SARS-CoV (a history of SARS-CoV
a year, two and fifteen years ago), persistent changes in the lungs, foci of fibrosis were revealed. These
changes led 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 de-
velop 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 con-
tributes to the manifestation of a disease that has already been latent [28].

Viruses, including respiratory viruses, can enter the central nervous system (CNS) (neuroinvasion), in-
fect both neurons and glial cells (a property known as neurotropism), and cause various neurological pathol-
ogies. According to the scientists, 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 neu-
rological consequences. Besides the background of coronavirus infection, patients may develop brain edema,
destruction of neurons.

Anosmia and taste disorders are 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 Europe-
an hospitals. The study involved 417 patients with mild to moderate coronavirus infection. Patients complet-
ed 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, respective-
ly, and olfactory dysfunction was the initial symptom in 12 % [31].

Patients with coronavirus infection suffer from severe hypoxia, which is a risk factor for encephalopa-
thy. In a study by Mao et al., 15 % of patients with severe coronavirus infection had a disturbed level of con-
sciousness, while only 2.4 % of patients with mild coronavirus infection had a disturbed level of conscious-
ness [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 a severe coronavirus infection, are subject to
impaired cerebral circulation.

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. Neurophysiologi-
cal examination showed an increase in distal delays and the absence of F-waves, indicating a form of demye-
linating GBS. The authors suggest that the patient was infected with SARS-CoV-2 at the beginning of HBS
symptoms, as she had lymphopenia and thrombocytopenia [31].

112 BecTHuk KaparaHgmHckoro yHmBepcuteTa



Neurological symptoms and complications ...

Conclusions

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. Overall, 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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3.J1. Kyns6aena, JI.A. Kiroes, I11.C. Kanuena

COVID-19 HeBpOJIOrHAVIBIK CHMIITOMAAPHI MEH CaJ/1aphbl
Kpickama momay

2019 xwuioelH okentokcaH aibiHaa Kerraiimarer COVID-19  anmramkbl pecMu JkarjaiibiHaH —Oacrart,
3epTTeymiiep OipHeme imKi MyIIenepre acep eTETiH aybIp JKeled PeclupaTopiblK cHHIPOMHBIH (SARS-
CoV-2) acep ery MexaHU3MIH allyFa THIPHICTHL. Byl CHHApPOM ajgaMpaa eKIe >KoHe KaH aiHaJbIMBIHBIH
e3repyiHe oKeieldi, Oy TeK OKIe >KeTKUTKCI3AiriMeH FaHa eMec, COHbIMEH KaTap Oacka opraHmapiablH
3aKpIMIanybIMEeH Oipre emimre okemyi MyMkiH. SARS-CoV-2-HiH exmere THri3eTiH acepi YIIKeH >XoHe
KOPKBIHBILITHI OOJIFaHBIMEH, JKYHKE JKyleciHe y3aK Mep3iM/i acepi aiiTapibIKTail )koHe 0JJaH Aa ayblp OOJIBIIT
caHanaabl, OWTKEeHI JKYHKe TiHIHIH KajlblHa Kelyi KHBIH MKOHE OJI JKabl MYTESICKTIKKE SKelyi MYMKIiH,
cebebl Jkylke skyiHeci OYkinl meHeHIH (yHKIUAIAapbH yimecripeni. bapiblk 3eprreynep opraiblk >KyHke
JKYHeCiHIH Ke3 KeNreH >KapaKaThIHBIH (KEHUT HeMece ayblp) OONyBIH Kepcereni, Oipak keiiGipeymepi
CEHIMIUIIK VIIIH OJaH opi 3epTTey KaKeT AeNn caHaiisl. byn cuazapom amampma GapiblK 3epTreylnepre
HEBPOJIOTHSIIBIK aCKBIHYJIAPABIH MYMKIHITIH JKOKKA IIBIFapMaiabl, COHBIMEH KaTap, KOCHIMIIA 3epTTEeyIIep
JKYPri3yAi Tanam eresi.

Kinm ce30ep: xoponasupyc, SARS-CoV-2, HeBpOIOTHSIBIK 3apAanTap, KOPOHABUPYCTHIH MaTOTeHE3I.

3.J1. Kyns6aena, JI.A. Kiroes, I1I.C. Kanuesa

HeBpoaornueckne cumnromsl u nocaeacrsuss COVID-19
Munuo630p

C momenTa niepBoro opunuaieHoro cirydas COVID-19 B Kurae B nexabpe 2019 r. mcciienoBareny mbITa-
JIMCh PACKPBITh MEXAHU3M JICHCTBHS TSDKEJIOro OCTporo pecrnupartopHoro cunapoma Coronavirus 2 (SARS-
CoV-2), KOTOpHBIil HOpaXxkaeT HECKOJIBKO OPraHOB B JOMOJIHEHHE K JIETKUM U BBI3BIBACT U3MEHEHUs] KPOBOOO-
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palleHus, CHOCOOHBIC MPUBECTH K CMEPTH HE TOJBKO M3-3a JITOYHOW HEIOCTATOYHOCTH, HO M IOPAKEHUS
npyrux opraoB. Xots a¢dexrst SARS-CoV-2 Ha jerkue o06pa3noBbie U Myrarolie, A0JIrocpoynsie 3¢ dex-
ThI Ha HEPBHYIO CUCTEMY MOT'YT OBbITh 0OJiee 3HAUUTECIbHBIMU U JJAXKE CEPhE3HBIMH, TOCKOJIbKY pereHeparus
HEpBHOM TKaHU 3aTPyAHEHA M MOXET IPUBECTU K OOIIeH MHBAIUIHOCTH, TaK KaK HEpBHAs CHCTEMa KOOPIH-
HHUpYeT (YHKIUH BCero Tena. Bce mccieioBaHms MOKA3bIBAIOT HAIMYKE JIFOOOTO BUJA TPaBMBI (JIETKOH MM
TSDKEJION) EHTPAILHOM HEePBHOM CHCTEMBI, HO HEKOTOPbIE U3 HUX ITOJUEPKUBAIOT HEOOXOAUMOCTH JalIbHEi-
IIMX UCCIIENOBAHM U1 GONBIIeH yBEPEHHOCTH. ABTOPHI CTaThH MPUXOJAT K BEIBOJY, UTO BCE UCCIIEMOBAHMS
HE MCKJIIOYal0T BOSMOXKHOCTD CYLIECTBYIOLINX HEBPOJIOIMUECKHX OCIOXKHEHHI U, KPOME TOro, TpeOyIOT Ipo-
BEJICHUS JJONOJIHHUTEIbHBIX UCCIIEOBAHMIL.

Kniouesvie cnosa: xoponasupyc, SARS-CoV-2, HeBposoruyeckue MOCIEACTBH, TaTOIeHe3 KOPOHABHUpPYCa,
HOpaXXEHUE OPIaHOB.
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