
In December 2019, an outbreak of a new coronavirus infec-

tion (COVID-19) occurred in Wuhan, China, caused by the new

SARS-CoV-2 virus. This infection has become a pandemic, and

the number of cases of COVID-19 infection worldwide, as well as

the number of deaths, continues to grow. In this regard, the fight

against COVID-19 has become a priority task for world health-

care today. Along with the number of people infected with SARS-

CoV-2, understanding of the features of this new infection is

growing, and clinical guidelines for the management of patients

with COVID-19 are constantly being updated. Nevertheless,

SARS-CoV-2 poses a problem for neuroscientists and clinicians

due to its insufficiently understood pathomorphogenesis.

According to the data available today, the complex of

pathogenetic mechanisms caused by the SARS-CoV-2 virus leads

to the development of multi-organ pathology of varying severity:

from asymptomatic to fatal forms. In February 2020, the World

Health Organization (WHO) reported that the time from disease

onset to clinical recovery in mild cases is approximately 2 weeks,

while recovery in patients with severe or critical illness takes 3 to

6 weeks. Over time, however, it became clear that a number of

symptoms could persist for weeks or even months, and in some

patients the symptoms did not go away. At the same time, pro-

longed damage to many organs or systems, including the lungs,

heart, brain, kidneys and vascular system, has been documented

even in patients with mild COVID-19. One of the first reports on

this topic was received on July 9, 2020 and included 143 patients

from Italy who were followed up for 2 months after discharge [1].

87% of patients in this observation had at least one persistent

symptom (most often fatigue and shortness of breath), and a

decrease in the quality of life was observed in 44.1% of patients

[1]. Two more recent reports gave similar results: a telephone sur-

vey conducted from April to June 2020 in 13 US states showed

that 35% of COVID-19 patients did not return to their normal

state of health [2]. In a Dutch three-month follow-up of 126

patients stratified by the initial severity of COVID-19, even 27

patients with mild disease and 51 patients with moderate infec-

tion showed a set of symptoms of the same severity as patients

with severe and critical forms of COVID-19 [3]. Despite the small

sample size, these studies, as well as many subsequent studies of

the distant manifestations of COVID-19, are extremely novel and

help to solve an acute medical problem based on actively collect-

ed data. However, it is already clear today that we will need years

of experience in monitoring COVID-19 survivors to fully under-

stand the implications associated with the disease.

Thus, a new term has appeared – «post-COVID-19 syn-

drome» (PCS; synonym: long COVID, post-COVID-19 syn-

drome and post-acute COVID-19 syndrome), describing the

signs and symptoms that develop during or after the disease

COVID-19, last more than 12 weeks (and in 2.3% of cases –

longer), occur in waves or constantly and do not have an alterna-

tive diagnosis (there is no consensus definition yet). PCS received

the official status of a disease and was included in the new edition

of the International Classification of Diseases, revision 10, where

it is designated as a «post-COVID-19 condition» under the code

U09.9.

There are many pathogenetic hypotheses of PCS, however,

currently there is no unified pathogenetic theory. All existing

hypotheses do not contradict each other, and the factors consid-

ered in them can contribute to the formation of PCS. There is no

doubt that the pathogenesis of PCS is associated with the basic

mechanisms of development and course of COVID-19. The path-

ogenic effect of SARS-CoV-2 on the nervous system can be

caused by the following mechanisms:
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1. Neurotropism and neurovirulence – the ability to directly

penetrate nerve cells and cause a disease of the nervous system.

The tropism of SARS-CoV-2 to human cells is provided by

receptors for angiotensin converting enzyme 2 (ACE2), which are

expressed by neurons, glial cells, endothelial cells, respiratory

epithelium, lung parenchyma, kidneys, and small intestine.

Neuroinvasion of SARS-CoV-2 probably occurs in two ways: a)

neuronal; b) hematoencephalic.

The neuronal pathway implies that during intranasal infec-

tion, the virus penetrates directly into the olfactory nerve and

then spreads in the central nervous system (CNS), reaching the

medulla oblongata. In a study by P. Kumari et al. [4], after

intranasal infection of K18-hACE2 mice, the SARS-CoV-2 virus

antigen was detected in all parts of the brain, including the cortex,

cerebellum, and hippocampus. The peak virus titers in the brain

were about 1000 times higher than the peak titers in the lungs,

indicating the high replicative potential of SARS-CoV-2 in the

brain. These data suggest that the brain is the primary target of

SARS-CoV-2 infection.

Hematoencephalic SARS-CoV-2 neuroinvasion occurs

through the damaged endothelium of the cerebral vessels and

through the migration of leukocytes across the blood-brain barri-

er (BBB). Despite the fact that viral RNA was not always detect-

ed in the brain tissue and cerebrospinal fluid during the autopsy of

patients with neurological manifestations of COVID-19, neu-

rotropic nature of SARS-CoV-2 finds more and more confirma-

tion. Probably, there were false negative results or insufficient

viral load of the cerebrospinal fluid to detect the virus by poly-

merase chain reaction [5]. Long-term presence of the virus and

persistent viremia with a weak immune response are considered

one of the pathogenetic hypotheses of PCS.

2. «Cytokine storm» – a systemic hyperinflammatory

response of the immune system associated with the activation of

macrophages, mast cells, leukocytes, endothelial cells with the

release of a large number of proinflammatory cytokines and

chemokines. Excessive production of inflammatory mediators

leads to damage or destruction of the BBB, changes in cerebral

perfusion, activation of microglia and astrocytes, imbalance of

neurotransmitters and neuroplastic changes. Damage to the BBB

seems to be extremely important in terms of neuropsychiatric

consequences of COVID-19, since increased BBB permeability

in the experiment was associated with some severe mental disor-

ders, such as schizophrenic spectrum disorders, major depres-

sion, bipolar disorder [6]. The key role in the alteration of the

nervous tissue is played by inflammatory changes in astrocytes –

the main population of glial cells involved in synaptogenesis, con-

trol of the release and uptake of neurotransmitters, production of

trophic factors necessary for the differentiation and survival of

neurons, formation and functioning of the neurovascular unit and

the BBB, as well as the glymphatic system, which eliminates toxic

products, including virus particles. Astroglial reactions induced

by SARS-CoV-2 can contribute to the onset of neuropsychiatric

symptoms, manifestation or aggravation of symptoms of neu-

rodegenerative diseases. 

3. Pathogenic immune response with autoaggression as a

result of hyperactivation and depletion of microglia with impair-

ment of the systemic antiviral response of T-cells, inducing neu-

ronal damage and demyelination.

4. Indirect effect of the virus associated with organ damage,

such as encephalopathy, myopathy, neuropathy of critical condi-

tions.

5. Thrombus formation (arterial and venous thrombosis,

micro- and macro-) in patients with COVID-19 can be caused

by endothelial dysfunction and endotheliitis, «cytokine

storm», hypoxic damage, hypercoagulability and / or

increased platelet activity. A special concept of microthrombo-

sis in situ was introduced. To date, the role of chronic inflam-

mation (primarily endotheliitis – vasculitis with microthrom-

bosis and microcirculatory disorders) and other immune reac-

tions is considered the main theory of the pathogenesis of

PCS. It is emphasized that even the so-called «silent» hypoxia

in asymptomatic COVID pneumonia and, of course, in com-

bination with a «cytokine storm» can trigger an aggressive

autoimmune process and be a precursor of the subsequent

development of neurodegenerative brain diseases. Increased

thrombus formation is associated with a high incidence of

thrombotic cerebral complications of COVID infection caused

by an increase in procoagulation factors such as fibrinogen, D-

dimer, prothrombin time [7]. On the other hand, damage to

the BBB in combination with an increase in the level of

angiotensin 2 and arterial hypertension leads to hemorrhagic

complications [7]. All this determines the complexity of the

selection of medical pathogenetic therapy for this viral infec-

tion, in particular the use of anticoagulants, due to the risk of

cerebral hemorrhagic complications, both in the acute period

of the disease, and after it – in the form of delayed ischemic

and hemorrhagic strokes.

The white matter of the brain is especially susceptible to

ischemic damage in COVID-19. Confirmation of long-term

changes in the brain substance in individuals with neurologi-

cal consequences of SARS-CoV-2 is neuroradiological evi-

dence of microstructural damage and impaired functional

integrity of the brain after 3 months of follow-up in patients

who recovered from COVID-19 [8]. There is evidence that

hypoperfusion of the brain accelerates the accumulation of

beta-amyloid and is associated with the pathology of tau pro-

tein, TDP-43 and alpha-synuclein [9]. In this regard, acceler-

ated aging, cerebrovascular diseases and age-related neurode-

generative disorders such as Alzheimer's disease and

Parkinson's disease have been considered long-term conse-

quences of COVID-19.

Thus, the direct effect of SARS-CoV-2 on neuronal func-

tion and survival, glial reactivity, excessive cytokine response,

antineuronal antibodies, and the consequences of cerebrovascu-

lar disorders may contribute to the pathophysiology of PCS.

However, the question remains: is PCS a complication of

COVID-19 or an ongoing pathological process?

N e u r o p s y c h i a t r i c  m a n i f e s t a t i o n s  o f  P C S
Patients with PCS have a number of long-term multisys-

tem symptoms with no proven organ damage and with normal

physical and laboratory parameters. PCS can manifest clini-

cally 3 months or more after «recovery» and is more common

in women than in men (ratio 4: 1). Studies of PCS included

young and middle-aged patients, who showed a decrease in

working capacity of varying severity, up to its complete loss.

Cognitive impairments (CI), which were equally represented

in all age groups [10, 11], were often the reason for decreased

working capacity and ability to perform everyday activities.

Most of the studies initially showed a predominantly regulato-

ry character of CI associated with PCS [7, 9]. For example, a

study by V. Beaud et al. [12] evaluated cognitive functions of
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patients (mean age 64.8 years) who recovered from acute res-

piratory distress syndrome associated with COVID-19. The

authors identified two CI profiles: 1) patients with a normal

Montreal Cognitive Assessment (MoCa) score, but with a ten-

dency to a decrease in executive functions compared with

other cognitive domains; 2) patients with MoCa and the

Frontal Assessment Battery (FAB) test deficiency from mild to

severe, with predominant impairment of executive functions,

attention, memory, visual-spatial impairments, with relative

preservation of orientation and speech functions. Moreover, in

all patients, CI was combined with anxiety and depression and

did not correlate with the duration of mechanical ventilation

and the length of stay in the intensive care unit, i.e., with the

severity of the infection in the acute period, with the exception

of delirium, which was strongly associated with severe cogni-

tive deficits [12]. However, in studies conducted on a much

younger population of patients using specialized scales for

assessing short-term memory sensitive to moderate (pre-

dementia) CI, primary memory deficit was revealed in young

people (mean age 42.2 years) who had mild and moderate

forms of COVID-19, in comparison with the control group of

the same age (mean age – 38.4 years) [9]. Similar results were

obtained by J.P. Rogers et al. [13]: 19.9% of patients had

impaired attention and 18.9% had memory impairment. Thus,

there is a need to develop standardized cognitive screening

tools that are sensitive to subclinical and moderate CI, includ-

ing those in young people.

Attempts have been made to identify risk factors for post-

COVID CI in the acute period of the disease. In particular, in

the study by M. Almeria et al. [14], the presence of neurologi-

cal symptoms, such as headache, anosmia and dysgeusia, dur-

ing the acute period of infection, as well as the need for oxygen

support and diarrhea were associated with the development of

persistent CI after recovery. Data have been obtained on the

role of diabetes mellitus as a predictor of post-COVID demen-

tia, especially in certain ethnic groups (African Americans,

Hispanics) [15], who, apparently, have a generally high risk of

neurological complications of COVID-19 [ 16]. The relation-

ship between the inflammatory profile (for example, the level of

C-reactive protein) and post-COVID CI was studied, which

positively correlated [17]. In addition, it was found that ApoE4

genotype creates a preposition for the development of CI in

PCS due to its association with increased BBB permeability

and pericyte degeneration, small vessel disease and cerebral

amyloidosis [18]. Also, individuals with ApoE4 have low ACE2

activity [19], and the prevalence of COVID-19 is generally

higher among carriers of this genotype [20]. Thus, according to

recent data, dementia and COVID-19 are likely to share com-

mon risk factors such as old age, gender, hypertension, diabetes

mellitus, obesity, elevated C-reactive protein and ApoE4-geno-

type [9]. These findings have significant predictive value, espe-

cially for older adults who are more susceptible to severe cogni-

tive outcomes of COVID-19.

PCS is no less often associated with affective disorders.

The risk of a newly diagnosed mental disorder in the United

States approximately doubled within 14–90 days after the

COVID-19 outbreak [21], and a high percentage of severe anx-

iety-depressive conditions was recorded among hospitalized

patients with COVID-19 [22]. This was expected in the face of

frightening uncertainty, large-scale quarantine measures and

isolation, fear for life, health and economic consequences of

the pandemic. However, over the past two decades, evidence

has accumulated supporting the hypothesis that neuroinflam-

mation contributes to the onset of depression and that the

immune system as a whole plays a significant role in the patho-

physiology of mood disorders [23]. According to modern liter-

ature data, newly-onset depression can be initiated by the

release of cytokines (eg, interleukin-6) during the active phase

of COVID-19 and decreases as the level of cytokines normal-

izes, regardless of the use of antidepressants [24]. This suggests

that the use of drugs that reduce the activity of cytokines can

reduce the likelihood of affective manifestations of PCS, but

further research is required to better understand this process

[24].

The growing body of evidence for the CNS effects of

SARS-CoV-2 raises key questions about identifying risk factors

for subsequent cognitive decline, Alzheimer's disease and other

types of dementia, and affective disorders. The scientific com-

munity of 30 countries, together with the Alzheimer's

Association and WHO leadership, have formed the

International Multidisciplinary Consortium to collect and

evaluate the short- and long-term effects of SARS-CoV-2 on

the central nervous system. This program will include 22 mil-

lion clinical cases, bring together research groups from all over

the world, and will address the delayed impact of COVID-19 on

cognition and cognitive functioning, including the biology of

infection contributing to the manifestation of Alzheimer's dis-

ease and other dementias. [25]. In addition, the World

Federation of Neurology (WFN) is creating an international

register of neurological manifestations of COVID-19. Large-

scale studies have also begun to assess the prevalence of depres-

sion, anxiety, delirium and post-traumatic stress disorder in

patients with COVID-19 [26].

G e n e r a l  p r i n c i p l e s  o f  p a t i e n t  m a n a g e m e n t
a n d  t r e a t m e n t  p r o s p e c t s
Currently, management protocols for patients with

COVID-19 are under development. Of course, there is an

urgent need for a unified guidance on rehabilitation, though in

practice the basic principles based on the experience of reha-

bilitation of patients after infections, stroke and other diseases

are applied. Respiratory rehabilitation aimed at reducing the

symptoms of shortness of breath and psychological support

begins in the acute period of infection. After stabilization of

the patient's condition on the basis of clinical assessment

(physical examination, imaging, laboratory data, lung func-

tion, concomitant diseases, etc.) and assessment of the reha-

bilitation potential, a personalized rehabilitation program is

developed, including respiratory, cardiovascular, physical,

cognitive and psychological rehabilitation, as well as measures

to improve the household and professional adaptation of the

patient [27, 28]. During the implementation of rehabilitation

measures, the activity of the cardiovascular and respiratory

systems, body temperature and oxygen saturation are moni-

tored.

To date, there are no proven drug treatments for PCS.

Approaches to the treatment of PCS are symptomatic and based

on the available evidence and recommendations for the treat-

ment of syndromes that make up the clinical picture of the dis-

ease. Based on the understanding of the pathogenesis of PCS

and the mechanism of action of drugs, it can be assumed that

certain drugs may be useful. One of the promising drugs in the



treatment of patients in the post-COVID period, especially in

combination with stroke, is cerebrolysin, the main multimodal

effect of which is aimed at the main pathogenetic mechanisms

of the development of degenerative processes and recovery

processes after injury. It has been shown that cerebrolysin pro-

tects nerve cells from neurodegeneration caused by hypoxia,

ischemia, toxic effects of glutamate and beta-amyloid [29], has

a pronounced neuroimmunotrophic effect and thereby reduces

the development of inflammatory phenomena («cytokine

storm») in the tissue, prevents the death of neuronal structures

and protects the BBB [30, 31]. Cerebrolysin protects cells from

structural degradation in ischemic brain damage by increasing

the pool of neuronal cytoskeletal protein (microtubule associat-

ed protein 2, MAP2), which is considered an indicator of the

primary stage of neuronal damage [32]. The antioxidant sys-

temic effect of cerebrolysin was demonstrated in some studies

[33, 34]. The drug can stimulate the process of neurogenesis and

slow down apoptosis, which has been shown in experimental

studies of Japanese and American scientists [13, 35]. There is a

large evidence base of clinical studies on restoration of impaired

functions (CARS, ECOMPASS studies) after stroke and reduc-

tion of asthenia phenomena [36–38], as well as improvement of

cognitive functions [39], which made it possible to introduce

cerebrolysin into clinical guidelines for stroke rehabilitation in a

number of countries. Thus, despite the fact that targeted clini-

cal studies will be required, such mechanisms of cerebrolysin as

neuroprotective action, reduction of neuroinflammation, BBB

permeability, activation of neurogenesis and neuroplasticity,

form the pathogenetic rationale and determine the prognostic

efficiency of its use in the treatment of patients with neurologi-

cal manifestations of COVID-19, including those complicated

by stroke.
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