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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. 



54

Bulletin the National academy of sciences of the Republic of Kazakhstan

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 коронавируснуюa 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 НЕВРОЛОГИЯЛЫҚ СИМПТОМДАРЫ МЕН САЛДАРЫ. 
ҚЫСҚАША ШОЛУ

Аннотация. Қытайда COVID-19 алғашқы ресми жағдайынан бастап, 2019 жылдың желтоқсан 
айында зерттеушілер бірнеше мүшелерге әсер ететін ауыр жедел респираторлық синдромның (SARS-
CoV-2) әсер ету механизмін ашуға тырысты. COVID-19 өкпе және қан айналымының өзгеруіне әкеледі, 
бұл тек өкпе жеткіліксіздігімен ғана емес, сонымен қатар басқа органдардың зақымдалуымен де өлімге 
әкелуі мүмкін. Бұл зерттеудің мақсаты – COVID-19-дың неврологиялық әсерін анықтау. Материал 
және әдістер. Әдебиеттерге жүйелі шолу дескрипторларды жұмылдыру арқылы нақтыланады: “Sars-
Cov-2” ,”коронавирустық инфекциялар” және “неврологиялық әсерлер”. Нәтижелер мен талқылау: 
SARS-CoV-2-нің өкпеге тигізетін әсері қауіпті және қорқынышты болғанымен, жүйке жүйесіне 
әсері айтарлықтай және біз ойлағаннан да ауыр болуы мүмкін, Жүйке тінінің қалпына келуі қиын 
болғандықтан тіпті, мүгедектікке әкелуі де мүмкін. Өйткені жүйке жүйесі бүкіл дененің функцияларын 
үйлестіреді. Көптеген зерттеулер орталық жүйке жүйесінің кез-келген жарақатының (жеңіл немесе ауыр) 
болатынын, ал кейбіреулері (сенімділік үшін) одан әрі зерттеу қажеттілігін көрсетеді. Қорытынды: 
барлық зерттеулер неврологиялық асқынулардың мүмкіндігімен келіседі деп айтуға болады, ал 
көпшілігі басқа зерттеулер жүргізу қажеттілігін алға тартады. 

Түйінді сөздер: коронавирус, SARS-CoV-2, неврологиялық әсерлер, коронавирустың патогенезі.
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НЕВРОЛОГИЧЕСКИЕ СИМПТОМЫ И ПОСЛЕДСТВИЯ COVID19. МИНИОБЗОР

Аннотация. С момента первого официального случая COVID-19 в Китае в декабре 2019 года 
исследователи пытались раскрыть механизм действия тяжелого острого респираторного синдрома 
Coronavirus 2 (Sars-CoV-2), который поражает несколько органов в дополнение к легкие и вызывает 
изменения кровообращения, которые могут привести к смерти не только из-за легочной недостаточности, 
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но и из-за поражения других органов. Цель: цель этого исследования - выяснить неврологические 
последствия COVID-19. Материал и методы. Систематический обзор литературы конкретизирован 
путем мобилизации дескрипторов: «Sars-Cov-2», «коронавирусные инфекции» и «Неврологические 
последствия». Результаты и обсуждение: Хотя эффекты Sars-CoV-2 на легкие образцовые и пугающие, 
долгосрочные эффекты на нервную систему могут быть более значительными и даже более серьезными, 
поскольку регенерация нервной ткани затруднена и может привести к общая инвалидность, так как 
нервная система координирует функции всего тела. Все исследования показывают наличие любого 
вида травмы (легкой или тяжелой) центральной нервной системы, но некоторые из них подчеркивают 
необходимость дальнейших исследований для большей уверенности. Заключение: можно сказать, 
что все исследования согласны с возможностью существующих неврологических осложнений, и 
большинство согласны с необходимостью проведения других исследований.

Ключевые слова: коронавирус, SARS-CoV-2, неврологические последствия, патогенез 
коронавируса.
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