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Abstract

The review article features the peculiarities in the epidemiological and clinical picture of a new
coronavirus infection, COVID-19. The purpose of the review was to analyze the issues of the
management. Pathogenetic relationships between SARS-CoV-2 virus, COVID-19 and angio-
tensin-converting enzyme 2 (ACE2) are assessed. Predisposing factors, which result in devel-
opment of pneumonia and endothelial dysfunction, disorders in microcirculation, vasocon-
striction, work of the renin-angiotensin system with subsequent development of ischemia in
certain organs, inflammation and edema of tissues, are analyzed. Lung damage causes devel-
opment of interstitial pneumonia, activation of the process of formation of fibrosis and de-
creased pulmonary function. Accumulation of anti-inflammatory cytokines, which break the
blood-brain barrier, in the CNS can cause dysregulation of central structures, autonomic dys-
function and severe asthenic syndrome, which can maintain low-grade inflammation for a long
time. Opportune diagnosis and treatment of concomitant diseases in post-COVID-19 patients
are of paramount significance for achieving a positive clinical outcome. The plan of rehabilita-
tion treatment should be individualized according to the patient’s needs. In order to assess re-
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mote consequences of COVID-19 all patients require further follow-ups.
Keywords: SARS-CoV-2, post COVID-19, ACE2, cytokines.

At the end of 2019 an outbreak of a new
coronavirus infection took place in the Peo-
ple’s Republic of China with its epicentre in
the City of Wuhan. On February 11, 2020 the
World Health Organization gave an official
name, COVID-19 (CoronaVirus Disease
2019), to the infection caused by the new coro-
navirus [1]. The International Committee on
Taxonomy of Viruses named the causative
agent of this infection as SARS-CoV-2. The
peculiar epidemiological and clinical picture
of the new coronavirus infection, COVID-19,
necessitates the analysis of the information
about the pathogenesis of the above infection
that is important because of absence of any eti-
otropic therapy at present and forced use of
pathogenetic treatment [2]. Similar to other
respiratory coronaviruses, the primary trans-
mission of COVID-19 is via droplet spread, the
fecal-oral route is not excluded [3].

SARS-CoV-2 is an RNA-containing virus,
which together with SARS-CoV and MERS-
CoV belong to B-coronaviruses. Angiotensin-

Corresponding Author:

Galyna Yeryomenko, MD, DMedSci, Department
of Propedeutic of internal medicine Ne2 and Nurs-
ing care, Kharkiv National Medical University,
Ukraine.E-mail:hvyeromenko.pol9@knmu.edu.ua

INTER COLLEGAS, VOL. 8, No.4 (2021)

converting enzyme 2 (ACE2), which partici-
pates in the functioning of the heart muscle and
regulation of blood pressure, is the receptor of
SARS-CoV-2 in people. In cases of COVID-
19 the spike protein (protein S) with the crown-
like form of the viral membrane is bound with
the ACE2 receptor, and after that the viral
RNA enters the cell [4, 5]. A number of re-
searches and observations have demonstrated
absence of any general consensus concerning
the role of ACE2 receptors in the pathogenesis
of this disease. ACE2 receptors are present on
the cells of the respiratory tract, kidneys,
esophagus, bladder, intestines, heart and cen-
tral nervous system [6, 7].

In order to penetrate into a cell the virus co-
operates with an ACE2 receptor and mem-
brane-bound serine protease 2 (TMPRSS2),
which is necessary for priming protein S. The
binding of protein S with ACE2 is followed by
direct fusion of the viral and cellular mem-
branes; after that the protein is subjected to
partial breakdown and becomes active. Viral
RNA enters the cytoplasm, where translation is
followed by an active replication of the viral
genome; their cooperation with the Golgi ap-
paratus makes it possible for viral particles to
release themselves into the plasma, thereby
continuing the cycle of the virus spread in the
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organism [8, 9]. Taking into consideration a
decreased expression of ACE2 against a back-
ground of COVID-19, we may suppose a sub-
sequent violation in the work of the renin-an-
giotensin system that can affect regulation of
blood pressure and hydroelectrolytic balance
[10]. Meanwhile, we cannot exclude that this
change in the expression of ACE2 receptors
plays an important role in the pathogenesis of
COVID-19 itself. Statistical analysis of
COVID-19 cases in individuals, who lived in
high lands, revealed a milder course of disease
versus inhabitants from even lands. The au-
thors believe that the above fact can be caused
by both a reduced period of life of the virus in
conditions of a decreased atmospheric pressure
and an induced decline of the ACE2 level
against a background of hypoxia [11, 12]. Ex-
perimental data in mice, mutant by ACE2, re-
vealed lower viral load and replication; on the
other hand, proceeding from similar lung dam-
ages in COVID-19 and “avian influenza” virus
H5N1, we may suppose a protective effect of
exogenous introduction of ACE2 on the devel-
opment of acute respiratory distress syndrome
(ARDS) [13,14].

For a long time the ability to bind the hu-
man ACE2 receptor as well as some peculiari-
ties in the structure of ORF3 and ORF8 genes,
which are supposed to play a certain part in the
pathogenesis of the virus, were regarded to be
unique properties of SARS-CoV. Large-scale
studies of Chinese populations of bats resulted
in isolation of several viruses, which are simi-
lar to SARS-CoV by the structure of their re-
ceptor-binding domain. It has been shown that
in order to penetrate into a cell these strains are
able to use receptors of both people, bats and
civets. A number of other strains had a similar
structure of ORF3 and ORF8 genes [15].
Hence, among the viruses that circulate in col-
onies of bats there are variants, which already
have the required tropism and ability to infect
people without any necessity for an additional
adaptation in an intermediate host [16, 17].

Type 1l alveolocytes are the main and rap-
idly achieved target for ACE2 receptors; their
lesion with the virus results in diffuse alveolar
damage that manifests clinically with develop-
ment of ARDS in 41.8% of patients with lethal
outcome in more than 50% of cases [18].

It is well known that in order to penetrate into
a cell the virus uses ACE2 receptors, expressed
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on alveolar pneumocytes, thereby causing
lung damages. However, ACE2 receptors are
also widely expressed on endotheliocytes,
which line the vessels of many organs. It has
been proven that SARS-CoV-2 can directly in-
fect epitheliocytes of human blood vessels in
vitro. Vascular endothelium is an active para-
crine, endocrine and autocrine organ, which
participates in the regulation of vascular tone
and maintaining of vascular homeostasis [19,
20]. By now there is evidence for direct con-
tamination of endothelial cells with SARS-
CoV-2 virus and resultant diffuse endothelial
inflammation [21, 22]. Studies of molecular
markers, which characterize the functional
state of the vascular endothelium, reveal that
endothelitis is one of key syndromes in
COVID-19 and later a trigger for post-COVID
syndrome. Direct lesion of endotheliocytes
with the virus or their indirect damage with im-
mune cells, cytokines and free radicals can re-
sult in significant endothelial dysfunction. The
latter, which develops in COVID-19, causes
disorders in microcirculation and vasocon-
striction with subsequent development of is-
chemia of organs, inflammation and edema of
tissues, procoagulation [23, 24]. Endothelitis
can explain systemic impairments of microcir-
culatory function in different vascular beds and
their clinical consequences in patients with
COVID-19.

Oxidative stress plays a significant role in
the pathogenesis of COVID-19, aggravating
the consequences of cytokine storm, blood co-
agulation and hypoxia that cause damages of
tissues and organ failure. It is hypothesized
that there is a cross connection between cyto-
kine storm and oxidative stress. These disor-
ders can play an important role in the severity
of signs and symptoms in patients with
COVID-19 [25, 26]. Hence it is quite logical to
present a model of the pathogenesis of corona-
virus infection with a primary lung damage and
late hematological tissue hypoxemia (cyto-
pathic hypoxemia) and mitochondrial dysfunc-
tion caused by participation of oxidative stress.
This fact is confirmed with reliable experi-
mental data [27].

Dysregulatory activation of monocytic
phagocytes, development of generalized
thrombosis in the microcirculatory bed and
interstitial pneumonia in COVID-19 [28]. In
response to penetration of SARS-CoV-2 virus,
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T-cell immune reactions prevail during the ex-
udative and proliferative stages. In the fibrotic
stage, the total amount of T lymphocytes is
sharply reduced, whereas cells of humoral im-
munity are not revealed. The prevalence of
CD8+ T suppressor lymphocytes over CD4+ T
helper lymphocytes may be associated with
mechanisms of autoimmune damage [29].

Lung damage as consequence of the direct
injury of the vascular endothelium and alveolar
complex (alveolocytes and interalveolar septa,
when the radiological sign of “clouded glass”
develops) with the coronavirus and cytokines
causes development of interstitial pneumonia,
activation of the process of formation of fibro-
sis as well as decreased pulmonary function
[30].

Different aspects of patho- and morphogen-
esis of coronavirus infection are thoroughly
studied; in particular, morphological changes
in the pulmonary tissue of patients, who died
within different time periods after appearance
of the first clinical signs of the disease, are
comparatively analyzed [31]. Analysis of
macro- and microscopic changes in the respir-
atory tract with use of immunohistochemical
studies has made it possible to assess the state
of their lungs in patients with COVID-19 in 80
cases of lethal outcome [32]. The peculiarities
of diffuse alveolar damage have been re-
vealed and therefore make it possible to dis-
tinguish 3 phases in the pathomorphogenesis
of interstitial pneumonia in COVID-19: ful-
minant (up to 10 days; it corresponds to the
exudative and proliferative stages of ARDS),
persisting (11-20 days; it corresponds to the
proliferative stage of ARDS) and fibrotic (re-
vealed in patients, who died on the 21st-45th
days; it corresponds to the stage of organiza-
tion of ARDS) [33].

An evidence base for a relation of ACE2
gene with sex dimorphism of mortality in
COVID-19 (a lower death rate was detected in
women) is presented. This fact may be caused
by either genetic dimorphism, as ACE2 gene is
located on X chromosome, or different immu-
noregulatory effects of estrogens and testos-
terone [34].

Accordingly, development and progres-
sion of the disease most frequently occur in
two directions: lung damages and coagula-
tion disorders, which often remain unde-
tected. Coagulation disorders both result in the
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appearance of clinically significant thrombotic
complications and play the role in the patho-
genesis of coronavirus infection, including
cases with lung damage. Disorders of micro-
circulation resulting from microthromboses
can significantly aggravate the course of acute
respiratory failure in patients with COVID-19
[35].

Many patients, who survived acute mani-
festations of COVID-19, are only in the begin-
ning of their way to recovery. What conse-
guences should be expected after the acute
stage of coronavirus infection? It depends
upon the spread and severity of viral damages
in different types of cells and organs. Despite
a vast number of scientific publications, the
picture of long-term consequences of COVID-
19 remains unclear. Without large-scale pro-
spective observational studies, which are only
in the beginning of their performance, clini-
cians cannot obtain any certain information
about cases of post-COVID complications or
small studies [36, 37].

Within the framework of the study with
participation of 150 noncritical patients with
COVID-19, conducted by researchers from the
University of Tours (France), it was revealed
that on the 30th or 60th days after appearance
of signs and symptoms of COVID-19 the pa-
tients, who had survived a noncritical stage of
the disease, still had the following signs and
symptoms (at least one of them): loss of body
weight (=5%), severe dyspnea or asthenia, pain
in the chest, palpitation, anosmia/ageusia,
headache, skin manifestations, arthralgia, my-
algia, digestive disorders, elevation of body
temperature. At least one symptom was present
in 68% of cases (n=103/150) on the 30th day
and in 66% (n=86/130) on the 60th day. The
commonest signs and symptoms were as fol-
lows:

 anosmia/ageusia: in 59% at the onset of
the disease, in 28% on the 30th day and in 23%
on the 60th day;

» dyspnoea: in 36.7% on the 30th day and
in 30% on the 60th day;

» asthenia: in 50% on the 30th day and in
40% on the 60th day;

* persistent signs and symptoms on the 60th
day were most frequently observed in individ-
uals aged 40-60, they were associated with
hospitalization and changes in the ausculta-
tion picture at the onset of the disease; a severe
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course of COVID-19 and dyspnea at the onset
of the disease were associated with presence of
persistent signs and symptoms on the 30" day
[38].

According to the information from the
World Health Organization in February of
2020 (on the basis of preliminary data), the pe-
riod from the onset to clinical recovery in mild
cases of COVID-19 is approximately 2 weeks,
in severe or critical cases it lasts from 3 to 6
weeks. But many patients have certain signs
and symptoms for much more weeks and even
months. Persistent damages of many organs
and systems (lungs, heart, brain, kidneys, vas-
cular system, etc.) have been documented in
post-COVID-19 patients [39].

Different mechanisms in the development
of these states are under investigation. Such
damages may be caused by severe inflamma-
tory reactions, thrombotic microangiopathy,
venous thromboembolism, oxygen deficiency,
autoimmune processes, pathological conse-
guences after the acute period (pneumofibro-
sis) or persistence of the causative agent [40,
41].

The diagnosis, monitoring of the patient’s
state, prognostic criteria and treatment have
been insufficiently studied and require im-
provement [42].

Clinical guidelines of the National Institute
for Health and Care Excellence of Great Brit-
ain “COVID-19 rapid guideline: managing the
long-term effects of COVID-19” (NG188) use
the following clinical definitions for the pri-
mary disease and duration of COVID-19 de-
pending upon the time when they appeared and
during which they exist:

* acute COVID-19 - signs and symp-
toms of the disease are present up to 4 weeks;

¢ ongoing symptomatic COVID-19 —
signs and symptoms of the disease are present
from 4 to 12 weeks;

s post-COVID-19-syndrome — signs and
symptoms develop during or after the infec-
tious disease, which corresponds to COVID-
19, are present longer than 12 weeks and not
explained by an alternative diagnosis.

In turn, the Infectious Diseases Society of
America (IDSA) distinguishes “long-lasting
COVID-19”, “post-COVID syndrome” and
“post-acute COVID syndrome”. Harvard Med-
ical School uses such a definition as “long
haulers”. The concept “chronic” or “long-last-
ing” course of an infectious disease takes into
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consideration persistence of the causative
agent. It is known that other coronaviruses
have a potential to persist in the nervous sys-
tem for a long period of time; it is possible,
SARS-CoV-2 as well [43, 44]. If the patholog-
ical state after the survived disease remains,
but the causative agent is not revealed, these
facts point out consequences of the disease that
can be rightfully termed post-COVID syn-
drome [30]. Post-COVID long-hauler is any
patient with COVID-19 caused by SARS-
CoV-2, who has not returned to his/her level of
health and functioning in 6 months after the
survived disease. According to different data,
from 10 to 50% of post-COVID-19 cases be-
come long-haulers [45]. Two groups of such
patients are isolated: cases with irreversible
damages in the lungs, heart, kidneys or brain
that affect their ability to function; patients
who go on suffering from devastating symp-
toms despite absence of any visible damages of
their organs. No matter how natural the
changes caused by long-term persistence of
clinical manifestations or appearance of new
signs and symptoms after survival of acute dis-
ease are, their presence necessitate rehabilita-
tion of such cases [46].

Many patients develop severe asthenic syn-
drome, which significantly aggravates their
quality of life and appreciably decreases ca-
pacity for work. For a long period of time such
cases may preserve low-grade inflammation in
the brain, reduced blood flow to it, its autoim-
mune damage or a combination of these abnor-
malities. Accumulation of pro-inflammatory
cytokines, which penetrate the blood-brain
barrier, in the CNS can cause dysregulation of
central structures and cause autonomic dys-
function (elevated body temperature, sleep cy-
cle disorders, cognitive disorders, rapid fa-
tigue) [47].

Post-COVID asthenic syndrome most fre-
guently manifests with mental problems and
general exhaustion of the patient. The com-
monest manifestations of asthenia in post-
COVID syndrome are as follows: rapid fa-
tigue, irritable weakness (hyperexcitability,
which rapidly changes into exhaustion), affec-
tive lability with traits of capriciousness and
discontent, increased tears, memory defects.
Possible causes for the development of asthe-
nia in post-COVID syndrome include: massive
drug load during therapy for COVID-19 (in
particular, administration of dexamethasone,
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which has the catabolic direction of its effect),
long and devastating course of the disease with
respiratory failure and hydroelectrolytic disor-
ders, concomitant severe and/or uncompen-
sated systemic diseases such as diabetes melli-
tus [48].

Important directions in rehabilitation treat-
ment, for example for post-COVID-19 pa-
tients, were pointed out by a group of experts
from the Defence Medical Rehabilitation Cen-
tre in Stanford Hall (Great Britain), who devel-
oped a relevant document, the Stanford Hall
consensus statement, which contains the fol-
lowing general recommendations after
COVID-19 for a target population of active in-
dividuals:

» rehabilitation treatment plans should
be individualized according to the patient’s
needs, taking into consideration his/her comor-
bidities;

* inpatients with COVID-19, rehabilita-
tion should be aimed at relieving symptoms
(dyspnea), improving psychological state,
physical function and quality of life;

»  patients should be periodically exam-
ined during their rehabilitation;

» patients should receive information
about their condition and strategies of recovery
after COVID-109.

Nevertheless, these are primarily general
recommendations, which describe examina-
tion of patients with post-COVID syndrome
and care for them. These guidelines do not elu-
cidate drug treatment for such patients. In or-
der to understand more clearly the direction of
rehabilitation measures and their possible drug
supplementation it is reasonable to examine
the morphology and pathogenesis of post-
COVID changes in more detail.

The main directions of treatment in post-
COVID asthenic syndrome are as follows:

» optimization of drug treatment and
early withdrawal of drugs with the catabolic ef-
fect (dexamethasone);

» organization of the diet, which should
be optimum in amount and balanced by its
components;

»  psychological support in family and at
work;

» revealing and control of hydroelectro-
Iytic and metabolic disorders;

»  monitoring and correction of disorders
in presence of concomitant diseases (diabetes
mellitus, arterial hypertension);
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» prevention of metabolic disorders
(fasting ketoacidosis and diabetic ketoacido-
Sis);

« compensation for intracellular energy
deficit.

According to the Stanford Hall consensus
statement, the principles of pulmonary rehabil-
itation in post-COVID-19 patients are as fol-
lows:

» respiratory  complications  after
COVID-19 may present with some degree of
impairment and functional limitation, includ-
ing (but not exclusively) due to decreased res-
piratory function;

» initial assessment of the patient’s state
is recommended in a timely manner, depend-
ing on the degree of dysfunction, normocapnic
respiratory failure and the patient’s physical
and mental status;

» low intensity exercises should be con-
sidered initially particularly for patients who
require oxygen therapy, while concurrently
monitoring vital signs (heart rate, pulse oxime-
try and blood pressure). Gradual increase in the
exercise should be based on severity of the pa-
tient’s symptoms.

Respiratory rehabilitation in post-COVID-
19 patients is aimed at decreasing manifesta-
tions of dyspnea, relieving anxiety and depres-
sion, preventing respiratory dysfunction, re-
ducing disability rate, preserving the maxi-
mum volume of the respiratory function as
well as improving the quality of life.

Recommendations for respiratory rehabili-
tation contain the following physical exercises:

» aerobic: walking, brisk walking, slow
jogging, swimming, etc., beginning at a low in-
tensity before progressively increasing in in-
tensity and duration;

« training of strength: progressive train-
ings with load bearings;

» training of breathing: in presence of
dyspnea, wheezing and difficult discharge of
sputum it is necessary to use respiratory train-
ing techniques for improving sputum dis-
charge and mode of breathing, including ad-
justment of breathing rhythm, thoracic activity
training and mobilization of certain muscle
groups.

Common signs and symptoms in hospitalized
patients with COVID-19 include respiratory fail-
ure, dry cough, dyspnea and lung abnormalities
on computerized tomography (opacity and/or
thickening in the form of “clouded glass”).

ISSN 2409-9988



222 THERAPY

During the acute phase, physical exercise
tolerance cannot be assessed with help of
standard tests (e.g., 6-minute walking). Some
patients still need oxygen therapy or have res-
piratory symptoms on discharge from hospital
[49]. Follow-up of the respiratory system state
is crucially important for assessing the pulmo-
nary function, alveolar-arterial gas exchange
and tolerance of physical exercise in patients,
who recovered after COVID-19. At present,
nothing is known about remote respiratory
complications in post-COVID-19 patients.

Accordingly, a number of problems remain,
which necessitate further study for developing
methods of early diagnosis and more thorough
prevention and effective rehabilitation of post-
COVID-19 patients on the basis of innovation
researches. Hence, having raised a huge num-
ber of fundamental questions concerning the
pathogenesis of pneumonia, interactions of the
virus with the lung microbiome and human im-
mune system, heterogeneity and unpredicta-
ble severity of its course, the problem of
SARS-CoV-2 virus-caused coronavirus in-
fection of 2019, unprecedented in the human
history, remains the main subject of the pre-
sent-day life. Etiotropic and pathogenetic ther-
apy of COVID-19 patients is now at the stage
of development. Priority directions of research
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