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JUSTIFICATION OF THE POSSIBLE DIRECTIONS OF PATHOGENETIC THERAPY OF A NEW 
CORONAVIRUS INFECTION

The article analyses different stages of COVID-19 pathogenesis that drive development of severe complications, including acute respiratory distress syndrome, 

multiple organ failure and endotoxicosis. COVID-19 progression is described, from the first moments of infection to the disruption of the alveolar-capillary barrier 

and acute respiratory distress syndrome. The article looks at the causes initiating pathological processes that lead to acute respiratory distress syndrome. The 

special focus is on oxidative stress, hyperreactivity of the immune system, endothelial dysfunction, and cytotoxic effects of the virus. The article discusses tentative 

treatments for COVID-19 at different stages of its pathogenesis. 

Keywords: coronavirus, medication therapy, endothelial dysfunction, SARS-CoV-2, COVID-19, acute respiratory distress syndrome, oxidative stress, SARS-COV-2

Correspondence should be addressed: Bogdan S. Litvincev, MD, Ph.D, DSci., leading researcher of the scientific information and analytical department 
“Institute of toxicology” of Federal Medico-Biological Agency, Saint Petersburg, 192019, Russian Federation. E-mail: litvintsevs@yandex.ru

1 Pediatric Research and Clinical Center for Infectious Disease, Saint Petersburg, 197022, Russian Federation
2 “Institute of Toxicology” of Federal Medico-Biological Agency, Saint Petersburg, 192019, Russian Federation

Received: 26.06.2020 Accepted: 09.07.2020 Published online: 15.07.2020

DOI: 10.47183/mes.2020.002

Ю. В. Лобзин1, М. Б. Иванов2, Е. Б. Шустов2, В. Л. Рейнюк2, А. В. Фомичев2, А. Е. Сосюкин2, Б. С. Литвинцев2

ОБОСНОВАНИЕ ВОЗМОЖНЫХ НАПРАВЛЕНИЙ ПАТОГЕНЕТИЧЕСКОЙ ТЕРАПИИ НОВОЙ 
КОРОНАВИРУСНОЙ ИНФЕКЦИИ

В статье анализируются звенья патогенеза новой коронавирусной инфекции, приводящие к тяжелым клиническим проявлениям заболевания — острому 

респираторному дистресс-синдрому, полиорганной недостаточности и эндотоксикозу. Представлена последовательность развития инфекционного 

процесса с момента попадания вируса в организм из внешней среды до повреждения альвеолярно-капиллярного барьера и развития острого 

респираторного дистресс-синдрома. Описаны факторы инициации патологических процессов, приводящих к развитию острого респираторного 

дистресс-синдрома, среди которых особое внимание уделено оксидативному стрессу, гиперреактивности иммунной системы, эндотелиальной 

дисфункции и цитотоксическому действию вируса. Обсуждаются возможные фармакотерапевтические направления лечения COVID-19 с учетом разных 

звеньев патогенеза.
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At the end of December 2019, the first cases of atypical 
pneumonia that was clinically different from all previously 
known viral pneumonias were reported in Wuhan, China. The 
rapid spread of the novel RNA SARS-CoV-2 (Severe Acute 
Respiratory Syndrome-related Coronavirus 2) to other countries 
in March 2020 pressured the World Health Organization to 
declare a pandemic [1]. According to the data collected 
by the WHO’s monitoring center, the incidence of the novel 
coronavirus infection (COVID-19) is obstinately high. Diagnostic 
and therapeutic approaches used in patients with COVID-19 
are largely standardized and work well in most cases; however, 
the unrelenting death rates observed in patients with severe 
infection raise some questions about their efficacy [2]. So far 
no consensus has been reached in the scientific community 
about the pathogenesis of COVID-19, and the mechanisms 
underlying progression to irreversible complications are not fully 
clear [3]. To contain the spread of the disease and minimize 
its consequences, systematic updates are needed on the 
international literature about the clinical course variations of 
COVID-19 and the efficacy of proposed treatments, including 
medication therapy at different stages of its pathogenesis. 

According to the experts of the Russian Ministry of Healthcare, 
the main approach to the management of patients with 
COVID-19 should be preventive therapy aimed at avoiding 
disease progression to overt life-threatening symptoms, such 
as pneumonia, acute respiratory distress syndrome (ARDS) 
and sepsis.

The aim of this study was to determine promising approaches 
to COVID-19 treatment at different stages of the disease based 
on the analysis and systematization of the accumulated data 
about the pathogenesis of the novel coronavirus infection. 

Main part

The primary routes of human-to-human SARS-CoV-2 
transmission are via respiratory droplets or dust particles and 
indirect physical contact mediated by hands or fomites followed 
by the virus landing on mucous membranes. The fecal-oral 
route is also possible when the virus enters the gastrointestinal 
tract with food or following hand contact with contaminated 
surfaces; there, SARS-CoV-2 adheres to the mucous 
membrane of the esophagus, stomach or upper small intestine 
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[4]. Besides, transplacental transmission cannot be excluded 
[5]; however, there have been no reports of intrauterine SARS-
CoV-2 infection in Russia; a few reported cases of neonatal 
COVID-19 were attributed to the postnatal exposure to the 
virus [6].

Exogenous factors play a significant role in promoting 
infection, including chronic intoxication with psychoactive 
drugs that substantially increases the risk of SARS-CoV-2 
infection and worsens its course [7]. For example, smoking 
spurs progression of the novel coronavirus infection and  
increases the risk of its aggravated course [8]; alcohol abuse 
can compromise the immunity and increase both the risk of 
infection and its complications [9]. Apart from exogenous 
factors, severity of COVID-19 is determined by pre-existing 
conditions, including cancer, hypertension, diabetes mellitus, 
chronic obstructive pulmonary disease and other disorders that 
under certain conditions cause irreversible systemic damage [10].

Standard antiviral prophylaxis is very effective in preventing 
the spread of the infection. Social distancing (1.5–2m) and 
good personal/respiratory hygiene are simple yet effective 
measures recognized worldwide. However, their effect should 
be reinforced with viricidal disinfectants [11].

The infection starts to unfold once SARS-CoV-2 comes in 
contact with the sialic acid-producing mucosal epithelium of 
the conjunctiva,  the nasal/oral cavity, the respiratory tract, and  
the upper gastrointestinal tract [12]. Sialic acids constituting 
transmembrane glycoproteins are targets for the viral 
hemagglutinin-esterase, which is a surface protein of the viral 
envelope that facilitates viral entry into the cell and is required 
for virus replication. When the infected mucosal cells release a 
massive amount of new virions and proinflammatory factors, 
the virus can enter the bloodstream and travel to tissues 
containing its cellular targets; this leads to  the development of 
clinical symptoms following the incubation  period [13].

Transmembrane glycoproteins are the cellular gateway for 
SARS-CoV. Angiotensin-converting enzyme 2 (ACE2) has been 
identified as the main receptor  for the novel coronavirus, as 
well as for the older SARS-CoV strain [5, 14, 15]. Its primary 
function is to regulate the activity of angiotensin II, which 
increases smooth muscle tone and affects heart and kidney 
function. ACE2 cleaves off one amino acid from angiotensin II, 
thereby altering its properties: the resultant molecule interacts 
more actively with angiotensin II membrane receptors, causing 
pronounced short-term local vasoconstriction. Besides, ACE2 
modulates amino acid transport across the cell membrane by 
acting as a chaperone for one of amino acid transporters. The 
interaction between the membrane domain of ACE2 and the 
amino acid transporter on the internal side of the cell membrane 
facilitates viral invasion. ACE2 is predominantly expressed on 
the surface of type II alveolar cells, making them susceptible 
targets for SARS-CoV-2 [16]. Other ACE2-expressing cells 
(type I alveolar cells, macrophages, pulmonary/cerebral/
cardiac/renal vascular endothelial cell, epithelial cells of the 
bronchi and bronchioles, esophagus, duodenum, ileum, and 
bladder, pancreatic cells, cortical and brain stem neurons) total 
to 20% of potential targets that the novel coronavirus can infect 
using ACE2 as an entry point.

According to some studies, one more glycoprotein from the 
transmembrane serine protease family is needed to mediate 
viral entry into the cell through ACE2 [17]. This protease is 
found in  the vicinity of calcium channels, close to ACE2,  and 
is activated through contact with a receptor-binding domain of 
the virus, cathepsin or under lowered pH; the protease fosters 
fusion of the virus envelope with the cell membrane [18]. 
Another mediator of the fusion process is furin, the protease 

that cleaves proteins at paired basic amino acids sites and 
participates in viral protein processing (maturation) [19].

Basigin, the transmembrane glycoprotein found in most 
cells, is another entry point for SARS-CoV-2. It is also known 
as cluster of differentiation 147 (CD147) or extracellular 
matrix metalloproteinase (MMP) inducer [17, 19]. The spike 
proteins of the coronavirus (spike-shaped protrusions from its 
surface) bind to basigin, as is also the case with ACE2. The 
main functions of basigin are MMP activation, participation in 
cell-cell interactions and spermiogenesis. Basigin effects are 
exerted through pronounced activation of blood monocytes, 
platelets and S-selectin, release of positively charged collagen 
and formation of parietal thrombi, followed by a reduction in 
permeability of capillary tissue barriers and macrophages 
migration from the bloodstream to the site of inflammation. 
This protein is chiefly found in erythrocytes, lymphocytes, 
retinal cells, fibroblasts, epithelial, endothelial and prostate cells 
[20]. Perhaps, this mechanism of viral entry and subsequent 
virus replication is implicated in coagulation disorders and 
formation of intravascular thrombi in organs affected by the 
virus, especially in the setting of endothelial dysfunction. 

Another transmembrane glycoprotein that SARS-CoV-2 
can bind to is a CD26 surface antigen, also known as DDP4 
(dipeptidyl peptidase 4); it is a serine exopeptidase that cleaves 
proline- and alanine-containing dipeptides from the N-terminus 
of a protein molecule [21]. The ability of this glycoprotein to 
participate in coronavirus trafficking into the intracellular 
compartment was previously confirmed for MERS-CoV, the 
causative agent of the Middle East Respiratory Syndrome [22].

The mechanism of the novel coronavirus infection is shown 
in Fig. 1.

In case of any respiratory viral infection, it is essential to 
boost the local immune defenses as early as possible at the 
sites of primary contact of the virus with mucous membranes 
[23]. Therefore, it is advisable to use therapeutic agents 
that stimulate local and systemic immunity so as to inhibit 
replication of SARS-CoV-2 in the earliest stages of infection, 
before the onset of pronounced clinical symptoms. The list 
of such medications includes interferons exerting antiviral, 
immunostimulatory and antiproliferative effects, peptide and 
synthetic immunomodulators enhancing the bactericidal 
activity of neutrophils, and sodium nucleinate-based 
immunostimulatants that activate non-specific resistance. In 
his regard, the Russian Ministry of Health recommends nasal 
formulations of recombinant interferon α2b and interferon 
β1b in combination with lopinavir+ritonavir. At the site of 
inflammation, the virus can be inactivated with viricidal drugs 
used in combination therapy against viral pneumonias in 
patients without respiratory failure; such drugs might hold 
some promise for treating COVID-19. Fusion inhibitors and/
or angiotensin II receptor blockers can prevent the virus from 
entering the target cell: their mechanism of action renders these 
drugs promising candidates for the combination therapy of viral 
pneumonias complicated by respiratory distress [24]. Soluble 
genetically engineered traps for the virus, which are currently in 
development, are another promising therapeutic option; these 
drugs are based on ACE2 protein fragments attached to the 
Fc region of human immunoglobulin IgG1 [25]. Viral replication 
can be stopped with inhibitors of viral proteases and RNA 
polymerases. However, the efficacy of medication therapy 
at the stage of viral replication is determined by a variety of 
factors, and at this point disease progression is not a rare thing.  
Considering the absence of validated treatments against the 
novel coronavirus, off-label drugs with antiviral potential 
might be worth giving a try [26]; their use must comply with 
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Fig. 1. Initiation of by the novel SARS-CoV virus
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standards for ethical practice, WHO recommendations and 
current legislation. 

Damage or death of a target cell is followed by the 
activation of alveolar macrophages and neutrophils, triggering 
chemokine release and migration of inflammatory cells into the 
interstitium. These events are followed by neutrophil infiltration 
of the affected site. The alveolar-capillary barrier becomes 
increasingly permeable, allowing some fluid to build up in alveoli 
and the pulmonary interstitium. At this stage, radiographic (CT) 
findings are consistent with specific pneumonia  [27]. Further 
evolution of the disease will probably depend on a number of 
exogenous and endogenous factors.

Clinical course variations of the novel coronavirus infection 
progressing to pneumonia have been described in the guidance 
released by the Russian Ministry of Healthcare [11], FMBA 
guidelines [28] and other sources [1, 17, 29, 30]. COVID-19 
can progress to pneumonia if the virus transmitted through the 
air invades the alveolar space (in this case, the target is type II 
alveolar cells) or when the course of the disease resembles that 
of influenza and the virus enters the bloodstream (in this case, it 
targets endothelial cells of pulmonary capillaries). Inflammation 
develops in parallel with oxidative stress, which sets in when 
the intensity of peroxidation and free radical oxidation induced 

by inflammation overpowers the capacity of enzymic and 
substrate mechanisms of anti-free radical and antioxidant 
defenses to negate detrimental effects on cell membranes; 
eventually, this leads to cell damage or death [31]. Mitochondrial 
dysfunction that plays a significant role in the development 
of neurodegenerative disorders is another contributor to cell 
damage under oxidative stress [32]. Here, medication therapy 
should be reinforced with antioxidants. Oxidative stress can 
be reduced by administering high doses of ascorbic acid, lipid 
and mitochondrial antioxidants, succinates, sulfhydryl donors, 
antioxidants with enzymic activity and reactive oxygen species 
inhibitors. 

Pneumonia induced by SARS-CoV-2 is often accompanied 
by respiratory failure; once the infection becomes systemic, 
it initiates the acute respiratory distress syndrome (ARDS). 
ARDS is promoted by a combination of different factors, the 
leading factor being massive release of cytokines (the cytokine 
storm) from activated alveolar macrophages, neutrophils, 
endothelial and alveolar cells at the site of the primary 
infection of lung tissue; this leads to the rapid escalation 
of cell-membrane damage induced by free radicals  [33, 
34]. Generalized damage to target cells is accompanied by 
swift, pronounced activation of alveolar macrophages and 
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neutrophils, expression of proinflammatory cytokines (IL-1, IL-6. 
IL-10, tumor necrosis factor), production of prostaglandins 
and leukotrienes. Activated hyaluronidase and MMP digest 
the ground substance of the pulmonary interstitium, thereby 
disrupting the alveolar-capillary barrier. This results in a local 
microvascular spasm, elevated pulmonary blood pressure and 
vascular leakage into the interstitial space, causing interstitial 
edema and hampering gas exchange between alveoli and 
capillaries. Impaired gas exchange exacerbates hypoxemia; 
the patient develops respiratory acidosis. Carbon dioxide 
retention in the blood causes hyperstimulation of brainstem 
centers controlling respiratory and other autonomic functions 
of the body. Damaged pulmonary vascular endothelial cells 
begin to produce more endothelin, triggering the uncontrolled 

Fig. 2. The schematic representation of complications caused by the cascade of pathological responses to the novel coronavirus infection 
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cascade of pathological events and leading to endotoxicosis 
and multiple organ failure [17].

The schematic representation of complications of the novel 
coronavirus infection is provided in Fig. 2

Direct damage to type II alveolar cells inflicted by SARS-
CoV-2 disrupts pulmonary surfactant synthesis and destroys 
its monolayer as the surfactant is washed off from the alveolar 
surface by excess tissue fluid coming from the fluid-enriched 
interstitium [35], triggering alveolar collapse and loss of lung 
tissue elasticity. The tissue gets deformed, arteriovenous 
anastomoses open; oxygen-poor blood starts to prevail 
in pulmonary vessels. Impaired gas exchange caused by 
interstitial edema, fluid buildup in the alveoli, increasingly more 
unventilated alveoli, and open arteriovenous anastomoses 



59

REVIEW

EXTREME MEDICINE   3, 2020   MES.FMBA.PRESS| |

leads to hypoxemia. Under hypoxemic conditions, plasminogen 
activators (urokinase) are inhibited and fibrinolysis is suppressed. 

Progressing endothelin secretion precipitates pulmonary 
vasoconstriction, platelet activation and intravascular 
thrombosis. This process is intensified by fibrinolysis inhibition 
and affects microcirculation. In turn, hypoxemia and poor 
microcirculation lead to hypoxia in the affected organs, 
accumulation of metabolic waste, endotoxins, and low to 
moderate molecular weight molecules, which further stimulates 
production of proinflammatory cytokines (tumor necrosis factor, 
IL-1, IL-6, IL-8) and promotes mononuclear cell migration. 

Activated MMP exiting into the intercellular space from 
infected cells aggravate damage to the alveolar-capillary 
barrier and stimulate migration of neutrophils, macrophages, 
monocytes, and T killers to the affected site. These events 
activate immune mechanisms involved in tissue damage and 
extracellular matrix destruction. Procollagen enters damaged 
alveoli and the interstitium, facilitating hyaline membrane 
formation in alveolar walls and causing interstitial compression. 
This further compromises the gas exchange function of the 
lungs. Neutrophil infiltration at the affected sites gives way 
to lymphocyte infiltration, which stimulates proliferation of 
fibroblasts, fibrin accumulation in the lungs and pulmonary 
tissue remodeling followed by the development of interstitial 
and intra-alveolar fibrosis. 

Induced by respiratory failure, progressing hypoxemia 
and tissue hypoxia, coupled with direct viral damage to renal, 
pancreatic, cardiac and brain cells, drive progression of multiple 
organ failure, which signals a critical, life-threatening situation. 
Comorbidities only further aggravate a patient’s condition. 
The ongoing cytokine storm maintains systemic inflammation, 
resulting in the inevitable depletion of endocrine regulatory 
potential, immunosuppression, opportunistic infections, sepsis, 
and endotoxic shock [36].

Being a trigger of multiple organ failure, hypoxemia 
necessitates prescription of coordinated zinc complexes 
capable of increasing hemoglobin affinity for oxygen. 
Coordinated zinc complexes hold promise for COVID-19 
management as they can prevent death of infected cells. 

Patients with COVID-19 complicated by pneumonia and the 
cytokine storm require intensive care that should include drugs 
inhibiting proinflammatory cytokines, such as recombinant 
analogs of endogenous cytokine receptor antagonists and 
therapeutic monoclonal antibodies. The Russian Ministry 
of Health has approved IL-6 receptor blockers for treating 
patients with COVID-19; among the approved drugs are 
tocilizumab, sarilumab, and olokizumab (monoclonal antibodies 
against IL-6), IL-1β  inhibitors (canakinumab) and inhibitors of 
JAK kinase, which is the common signal pathway for many 
cytokines (ruxolitinib phosphate, baricitinib or tofacitinib). The 
therapeutic regimen can be enhanced with secukinumab (anti-
IL-17A) recommended by the protocol for the management 
of hospitalized COVID-19 patients developed by the Medical 
Research and Education Center of Moscow State University [37].

To reduce inflammation, combination therapy for viral 
pneumonias often includes synthetic inhibitory peptides 
(analogs of peripheral enkephalins) and T-cell inhibitors. MMP 
inhibitors can be effective against interstitial edema. So far, 
the only approved MMP inhibitor is doxycycline. Immune 
response can be downregulated with free-radical binding 
aminoquinolines and glucocorticoids implicated in suppressing 
initiators of tissue damage. For example, dexamethasone 
is now recommended by the UK Department of Health for 
treating ARDS in severely ill patients with COVID-19. This 
recommendation was based on the preliminary results of a large-

scale British clinical study RECOVERY, which was conducted 
in 11,000 patients with COVID-19 and looked into the efficacy 
and safety of monotherapies with lopinavir+ritonavir, low 
doses of dexamethasone, hydroxychloroquine, azithromycin, 
tocilizumab, and hyperimmune donor plasma [38]. 
Glucocorticoids are also capable of suppressing hyperimmune 
response and enhance surfactant production. Pathological 
immune response induced by histamine release from the mast 
cells of the respiratory mucosa and pulmonary mesenchyme 
can be curbed by H1-histamine blockers.

Bradykinin receptor blockers might be effective in countering 
inflammation and blocking cascades initiated by bradykinin 
release from damaged macrophages, epithelial and endothelial 
cells, thereby reducing interstitial pulmonary edema. However, 
these drugs are not available in Russia and hence cannot be 
tested in a clinical trial. 

Respiratory failure following ARDS requires emergency 
care involving oxygen therapy, mechanical ventilation 
and extracorporeal membrane oxygenation (ECMO). 
Perfluorochemicals (perftoran) are a promising therapeutic 
approach to treating hypoxemia, ARDS and multiorgan 
dysfunction syndrome. Perftoran possesses rheological, 
hemodynamic, diuretic, membrane-stabilizing, cardioprotective 
and sorption properties [39, 40]. 

 Correction of endothelial dysfunction directly induced by 
SARS-CoV-2 or mediated by oxidative stress is a separate 
line of therapy. Endothelial dysfunction is a key element in 
the pathogenesis of many diseases [41]. So far, it has been 
shown to have a role in atherosclerosis, arterial hypertension, 
chronic heart failure, chronic obstructive pulmonary disease, 
urinary tract disorders, inflammatory bowel disorders, and 
other conditions [42,43]. The cascade of pathologic events 
triggered by COVID-19 complications can be viewed through 
the lens of endothelial dysfunction [44], whose severity largely 
determines the clinical outcome. In patients with COVID-19, 
endothelial dysfunction develops in 4 stages. Stage I is the 
onset of viral pneumonia, stage II is generalized pulmonary 
damage, stage III includes respiratory and cardiac failure, stage 
IV is characterized by  progressing toxemia [41].

The primary cause underlying stage I is hypercytokinemia. 
Generalized pulmonary tissue damage (to types I and II alveolar 
cells, pulmonary macrophages) induced by the virus is followed 
by the aggressive activation of alveolar macrophages and 
neutrophils, expression of proinflammatory cytokines (IL-1, IL-
2, IL-6, IL-10, TNF) and activation of prostaglandin/leukotriene 
synthesis resulting in increased hyaluronidase activity. In turn, 
hyaluronidase digests the ground substance of the pulmonary 
interstitium and undermines the stability of the alveolar-capillary 
barrier. Proinflammatory cytokines and prostaglandins drive 
overexpression of selectins and adhesion molecules (ICAM-1, 
VCAM-1), which by interacting with leukocyte ligands foster their 
adhesion to the vascular endothelium and alveolar epithelium. 
This process is accompanied by a decline in endothelial 
NO-synthase expression resulting in reduced nitrogen oxide 
production and reduced vasodilating, anticoagulatory and anti-
inflammatory endothelial function. Increased adhesion capacity 
of the endothelium and uncontrolled leukocyte adhesion have 
a significant role in the pathogenesis of local inflammatory 
response in ARDS and are implicated in renal damage, 
peripheral vasculitis and capillary purpura in later stages of the 
disease. 

Generalized pulmonary damage is associated with direct 
damage to endothelial cells induced by SARS-CoV-2 circulating 
in the bloodstream. There are a few entry points for the virus 
on the surface of endothelial cells. This promotes endothelial 
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Fig. 3. Stages of endothelial dysfunction and their effects on the progression of pathology in patients with COVID-19
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dysfunction in pulmonary vessels, renal glomeruli, coronary 
and cerebral vessels. Damaged pulmonary vascular endothelial 
cells produce massive amounts of endothelin, provoking a 
local microvascular spasm and elevated arterial pressure [45]. 
Vascular fluid leaks into the interstitial space, causing interstitial 
edema, which impairs gas exchange between the capillaries 
and alveoli. This is followed by a dramatic loss of the gas 
exchange function, intensified hypoxemia, respiratory acidosis, 
and accumulation of carbon dioxide in the blood, which triggers 
hyperstimulation of respiratory and other brainstem centers 
controlling autonomic functions of the body. Respiratory failure 
progresses. In the kidneys, production of vasoconstricting H2 
prostaglandins is more significant; it impairs glomerular blood 
flow and reduces excretion and reabsorption in distal nephron 
compartments.

During stage III (respiratory and circulatory failure), reduced 
blood flow, acidosis, hypoxemia and circulatory hypoxia exert 
their detrimental effects on the endothelium. Here, endothelial 
dysfunction is largely compensatory and aimed at improving 
microcirculation, lowering the increased vascular tone/
spasm of regional vessels. However, at this stage secretion 
of vasodilatory factors (nitrogen oxide, endothelium-derived 
relaxing factor, endothelium-derived hyperpolarizing factor) and 
procoagulants, especially plasminogen activator inhibitor and 
von von Willebrand factor. Fibrinolysis suppression and activation 
of a coagulation cascade allow intravascular microthrombi to 
persist and therefore are important pathogenetic factors for 
multiorgan dysfunction syndrome. 

During stage IV, endothelial damage is linked to 
endotoxicosis ensuing from disruption of the intestinal capillary 
barrier and absorption of intestinal and microbial toxins, impaired 
detoxifying liver function (specifically, impaired ammonia 
detoxification during the urea cycle) and poor excretion of 
metabolic waste products by kidneys as a result of the acute 
renal failure onset. Exposed to endotoxins, endothelial cells 
are unable to maintain sufficient nutrient and energy supply, 

the negative charge on their surface, hemorheological and 
coagulation balance Fibronectin, a platelet activation factor, 
becomes overexpressed. Altogether, these factors condition 
intravascular thrombi, compromise microcirculation, suppress 
the healthy function of the affected organs. Activated platelets 
increasingly secrete the platelet-derived growth factor, a 
fibroblast mitogen; this leads to vigorous procollagen and 
collagen production, formation of hyaline membranes in the 
lungs and eventually to fibrotic transformation of lung tissue. 
Stages of endothelial dysfunction and their effects are shown 
in Fig. 3. 

There is a broad spectrum of medications for treating 
endothelial dysfunction [42]. Apart from the drugs used 
to block cytokine activation of endothelial dysfunction, 
endothelin receptor antagonists, relaxin-2 receptor activators, 
synthetic prostaglandins and polysulfated glycosaminoglycans 
(sulodexide, fractionated and unfractionated heparin capable 
of restoring the negative charge on the endothelial surface) 
have already demonstrated their efficacy. Microcirculation 
can be improved by adenosine derivatives (dipyridamole), 
methylxanthines and nicotine acid. Therapy with angioprotective 
agents may benefit patients with COVID-19, since their 
mechanism of action is associated with dampening oxidative 
stress in the vascular wall and reducing vascular inflammation. 
In patients experiencing severe complications, including 
acute myocardial infarction, pulmonary embolism, ischemic 
stroke, retinal or renal thrombosis, fibrinolysis activators are 
recommended; however, contraindications to fibrinolytic 
therapy should be heeded.

Essential phospholipids are indicated for treating endothelial 
dysfunction [46]. They exert direct effects on cell membranes by 
improving membrane elasticity and fluidity, reducing the density 
of phospholipid structures, restoring membrane permeability, 
activating phospholipid-dependent enzymes and transport 
proteins. Phospholipids reduce damage to endothelial cells, 
help to restore normal metabolism and increase cell secretory 
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(endocrine-regulatory) potential. Additionally, phospholipids are 
capable of inhibiting lipid peroxidation, lowering prostaglandin 
concentrations, downregulating Reticuloendothelial cells and 
curbing their collagen production. This allows considering 
phospholipids as candidates for treating COVID-19 
consequences. On the whole, the convalescence period 
involves using a wide range of therapeutic interventions, 
including medication and physiotherapy. This stage largely 
determines the quality of a COVID-19 patient’s recovery; 
therefore, rehabilitation regimens for patients with COVID-19 
should be regularly updated and refined.

 
CONCLUSION

Regular updates on the mechanisms underlying pathological 
processes caused by SARS-CoV-2 allowed us to hypothesize 

the most probable pattern of the disease progression from 
the first moments of infection to ARDS, multiple organ failure 
and endotoxicosis. The article does not cover other types 
of interventions for treating viral pneumonias. Information 
presented here is not exhaustive and should be amended and 
augmented by experts in pathophysiology, pathomorphology, 
infectious diseases, immunology, pulmonology, and 
anesthesiology, as more clinical and laboratory data are 
collected. However, our analysis exposes the key principles in 
treating COVID-19. Those include a comprehensive strategy 
involving pharmacotherapy for the main pathogenesis 
components and accounting for the severity and stage of the 
disease and personalized treatment based on the thorough 
evaluation of a COVID-19 patient’s health and  assessment of 
chronic exogenous and endogenous risk factors for possible 
complications.
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