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AbSTrAcT

The present report provides information on aspects of the pathogenesis of the infectious process in-
duced by SARS-CoV-2.

The authors put forward a hypothesis according to which COVID-19 should be considered as an infectious 
disease of a systemic character. This conclusion was based on some facts, which are hardly possible to deny.

Firstly, from our viewpoint, a number of authors have expressed a well-grounded opinion, according to 
which, “multiple organ dysfunction syndrome” occurs in COVID-19. Therefore, such a conclusion testifies 
in favor of systemic damage to organs and tissues. 

Secondly, a number of studies, also cited in this publication, provide information on the involvement of 
the gastrointestinal tract organs in the infectious process caused by SARS-19, which allowed the authors 
to put forward the concept of the existence of the lung-gastrointestinal tract axis.

This conclusion is based on studies which establish that SARS-CoV-2 by receptor mechanism binds to 
angiotensin-converting enzyme-2, which is localized throughout the digestive system.

Thirdly, in our opinion, it is possible that a similar enzyme receptor uptake mechanism of  ACE-2 by 
SARS-CoV-2, which is competitive with angiotensin-2, is involved in many internal organs, which makes it 
possible to start a general pathological process, which also indicates the systemic nature of COVID -19.

Fourth, it is possible that SARS-CoV-2 has a widespread cytotoxic effect on blood cells, which is also 
realized through the receptor mechanism. Apparently, the process of thrombus formation with partly in-
volvement of “deformed erythrocytes” in it has systemic character, especially since SARS-CoV-2, in our 
opinion, for its functional activity begins to “utilize” polyamines contained in erythrocytes.

This report presents our own concept of possible mechanisms of thrombus formation that occur exclu-
sively in all organs involved in COVID-19 infection.

Since aliphatic polyamines localized in target cells and in the very nucleocapsids of SARS-CoV-2 are 
given an important role in ensuring the functional activity of SARS-CoV, the authors of this publication 
recommend the use of drugs that prevent the synthesis of polyamines in the general treatment regimen for 
COVID-19. As such means, the authors of this publication support the well-founded recommendations of a 
number of advanced researchers who recommend the use of α-difluoromethylornithine in COVID-19, since 
this compound has a unique ability to suppress the synthesis of polyamines at the earliest stages of their 
synthesis, i.e. enzymatic transformation of ornithine into putrescine.
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large families of “virions and viruses”. To a certain 
extent, this situation is due to objective reasons – 
the widespread occurrence and multifaceted poten-
tial abilities of viruses that live in natural condi-
tions: in various water and earth spaces, including 
the constituent components of the inorganic and 
organic world, including earthen volcanic rocks, 
objects of extraterrestrial origin (comets, meteor-
ites, cosmic dust), living cells at various levels of 
evolutionary development.
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Currently, there is no single (generally ac-
cepted) classification that comprehensively covers 
the structural and functional characteristics of 
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There are a number of classifications, each based 
on advances in various fields of medicine and biol-
ogy. The classification proposed by Baltimore D. 
(1971) is based on the nature and characteristics of 
the distribution of genetic material of structural, 
morphological and taxonomic classification.

The Baltimore classification (1971) includes 
the families of coronaviruses that live in nature, 
particularly in reservoirs, plants, animals. The 
functions of many coronaviruses are far from well 
understood. First of all, for humanity, some zoono-
ses are of greatest interest, which in certain situa-
tions become pathogenic for humans, i.e. become 
anthroponoses.

Known anthroponoses, causing acute respira-
tory syndrome (SARS-CoV-2), Middle East respi-
ratory syndrome (MERS-CoV) caused serious 
damage to human health, up to the death of a huge 
contingent of people. Both coronavirus infections 
were widespread and often epidemic-like.

Many “flaws’ in the aforementioned classifica-
tions had a very negative impact on the elucidation 
of the pathological disorder complex that arise in 
the macroorganism during the infectious process 
caused by both coronaviruses.

Currently, an outbreak has occurred all over the 
world, which in a very short period of time has ac-
quired the character of a pandemic. The outbreak 
is caused by the third member of the coronavirus 
family – SARS-CoV-2 and a related disease (coro-
navirus disease 2019; COVID-19). Pathological 
mechanisms (especially those underlying a num-
ber of visceral disorders, excluding, to a certain 
extent, lung disorders), in the infectious process 
caused by COVID-19 are almost not studied, due 
to a number of objective and subjective reasons.

Thus, in particular, the possible receptor mech-
anisms that are involved in the early stages of the 
virus penetration into the macroorganism target 
cell have served and continue to serve as the sub-
ject of wide discussion.

At present, it has been established that S-glyco-
protein localized on the surface of the virus acts as 
an involved factor. The latter interacts with the cel-
lular receptor-angiotensin-converting enzyme 2 
(ACE 2). The glycoprotein is represented by two 
fragments – S1 and S2. The S1 fragment has a mul-
tifunctional spectrum of action, since it simultane-
ously determines the specificity to the hosts (host 

range) and cellular tropism, as well as the ability to 
attach to target cells [Hoffmann M et al., 2020]. A 
number of studies have found that the binding of 
RNA viruses to the ACE-2 receptor is realized by 
the receptor mechanism [Lebeau J et al., 2020; 
Wang K et al., 2020].

It was established that ACE-2 is recognized as 
an important receptor for viral invasion, moreover, 
the replication of many viruses pathogenic for hu-
mans is specifically inhibited by antibodies against 
ACE-2 [Li W et al., 2003].

Of particular note is the fact that such a recep-
tor mechanism can be involved when SARS-CoV-2 
appears as a human pathogenic virus [Hoffmann M 
et al., 2020].

It should be noted that the ACE-2 dependent re-
ceptor mechanism is involved in a number of inter-
nal organs. Thus, it has long been established that 
ACE-2 receptors are widely present in some organs: 
in the heart, lungs, kidneys and testes [Tipnis S et 
al., 2000]. Due to the presence of this receptor en-
zyme, in the internal organs is selectively activated 
their functional activity, associated with the in situ 
activation of angiotensin 1/7. As integrative body 
systems, in which angiotensin 1/7 mechanisms are 
involved, the cardiovascular, respiratory, genitouri-
nary and reproductive systems are figured out. Due 
to the presence of ACE-2, there is a balanced con-
trol of blood pressure with the participation of the 
cardiovascular and genitourinary systems in the 
above-named systems. Based on the topical local-
ization of ACE-2, the latter is actively involved in 
the prevention of heart failure and kidney damage 
[Wong D et al., 2007; Der Sarkissian S et al., 2008; 
Rentzsch B et al., 2008]. 

In some lung diseases, the severe 
pathological process, which is char-
acterized by pronounced dystrophic 
and destructive changes in the alve-
olar epithelium and macrophages, 
endotheleiocytes, edema of bron-
chopulmonary tissue, is largely due 
to the “inactivation” of in situ 
ACE-2 [Rekalova EM., 2003; Kuba 
K et al., 2010; Wang K, 2020].
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The analysis of literary sources, once again tes-
tifies in favor of the circumstance according to 
which, in cases of SARS-CoV-2 infection, the 
pathological process is not limited to the develop-
ment of local severe destructive-inflammatory 
changes only in the lungs, but is widespread, with 
the involvement of precisely those organs, in 
which the system of angiotensin-2-angiotensin-
converting enzyme-2-angiotensin 2/7 is activated. 
During coronavirus infection (COVID-19), in 
cases of possible persistence of SARS-CoV-2, in 
those organs in which the presence of ACE-2 is de-
tected, the coronavirus seems to exert its cytotoxic 
effect on target cells by a receptor that competes 
with angiotensin-2 mechanism.

In recent studies, it was found that despite the 
fact that the lungs appear as the damage in SARS-
CoV-2, other organs and systems of infected pa-
tients are involved in the general pathological in-
fectious process.

Very informative data in this aspect are given 
in the review article by Sugihartono T. and co-
authors (2020).

So, in particular, due to the information given 
in this article, it becomes obvious that in addition 
to the respiratory system, the gastrointestinal tract 
is also involved in the infectious process during 
COVID-19. So, according to Jin x. and co-authors 
(2020), 11.4% of patients suffering from COVID-
19 have gastrointestinal tract disorders. It should 
be especially noted that the emerging structural 
changes are associated exclusively with the pres-
ence of receptors to ACE localized in epithelial 
cells almost throughout the gastrointestinal tract 
[Amirian E, 2020; Chen Y et al., 2020; Sugihar-
tono T et al., 2020; Tian Y et al., 2020]. In this re-
gard, it is concluded, that (depending on the sever-
ity of the infectious process during COVID-19) the 
intestinal-lung axis begins to function, which is 
implemented on the principles of interdependence 
of the pathological processes in both systems [Sug-
ihartono T et al., 2020].

It is possible that the topical features of the 
ACE-2 localization on cells of parenchymal, stro-
mal and lymphoid organs largely determine the 
damage risk of many integrative systems during 
COVID-19, based on the competitive mechanism 
between SARS-CoV-2 and angiotensin for recep-
tor uptake. In the above review article [Sugihar-

tono T et al., 2020], according to Hamming J. and 
co-authors (2004), angiotensin-converting enzyme 
is found in the oral and nasal mucosa, nasophar-
ynx, lungs, stomach, thin and thick intestines, skin, 
thymus, bone marrow, spleen, liver, kidneys, brain, 
endothelial and vascular smooth muscle cells.

That is why, in our opinion, in case of COVID-
19, due to the wide distribution of ACE-2 receptors 
in the body, in certain situations there is a risk of 
developing “multiple organ dysfunction syn-
drome” [Devaux C et al., 2020].

The hypothesis put forward by the author about 
the possible development of multiple organ dys-
function syndrome in infected patients, involving a 
wide range of internal organs in the pathological 
process, allows, in our opinion, to consider 
COVID-19 as a systemic disease, since many “vis-
ceral” manifestations should undoubtedly leave 
their mark on the nature and outcome of pneumo-
nia (which clinicians conditionally subdivide to 
mild, moderate and severe).

In our opinion, the involved ACE-2 mechanism 
is not the only one (and even one-vector) in the 
receptor interaction of SARS-CoV-2 with cells lo-
calized in numerous organs and tissues of the in-
fected organism. Unfortunately, at present, due to a 
number of objective and subjective reasons, our 
scientific views regarding the aspects of the patho-
genesis of systemic and organ manifestations of 
COVID-19 are very far from the true essence of 
the formed viral-cellular receptor relationships un-
derlying the emergence, course and the outcome of 
the coronavirus infectious process. Moreover, the 
development of multiple organ dysfunction during 
COVID-19 should in no way be interpreted from 
the standpoint of widespread distribution of only 
ACE-2 receptors in the internal organs.

Recently, the subject of special discussion is a 
new pathway of virus penetration into host cells, 
mediated through the CD 147 receptor (Basigin). 
This receptor was identified in the study of porcine 
reproductive and respiratory syndrome virus 
(PRRSV), when viral invasion into cells was mark-
edly activated by the interaction of CD 147 with 
spike protein. The use of meplazumab, a humanized 
antibody against CD 147, proved to be very effec-
tive, since it prevented the penetration of viruses 
into host cells by blocking CD 147 [Lebrau J et al., 
2020; Wang K et al., 2020]. It should be noted that 
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high expression of CD 147 was found in a number 
of diseases and pathological processes, particularly 
in tumor cells, in cells of the inflammatory infiltrate 
in vitro, when infected with various pathogens [Ko-
sugi T et al., 2015; Su H et al., 2018].

Based on the carried out studies, CD-147 is also 
involved in SARS-CoV-2 infection. If this assump-
tion is confirmed, in our opinion, broad prospects 
are open up for elucidating involvement of possi-
ble mechanisms in the general pathological infec-
tious process caused by SARS-CoV-2, associated 
with the expression on CD 147 target cells.

However, there is also a diametrically oppo-
site point of view, according to which the CD 
147 dependent receptor mechanism is not in-
volved during COVID-19 [Leonardi A et al., 
2020; Shilts J et al., 2021].

As can be seen from the cited literary informa-
tion, the “inheritance” of the coronavirus infection 
induced by SARS-CoV-2, got a very meager state 
of our knowledge about the features and nature of 
the course of local (pneumonia) and general (vis-
ceral manifestations) structural, immunopatholog-
ical, metabolic and, especially, receptor shifts in 
coronavirus infections – acute respiratory syn-
drome (SARS-CoV) and Middle East respiratory 
syndrome (MERS-CoV). while studying the 
pathogenetic basis of treatment and prevention, 
very negatively was also reflected the fact that in 
SARS-CoV and MERS-CoV, the studies devoted 
exclusively to the immunization aspects were ex-
tremely insufficient – in terms of obtaining effec-
tive vaccines.

To a certain extent, difficulties in creating ef-
fective vaccines are due to objective reasons. So, 
according to the composition of antigens, corona-
viruses are divided into antigenic groups, due to 
which such antigenic heterogeneity of coronavi-
ruses determines a high frequency of reinfection 
with other serovars. A large number of antigenic 
variants can be very negatively reflected in the 
production of effective vaccines and implementa-
tion of preventive measures [Pozdeev O, 2001].

Currently, in a number of developed countries, 
vaccines against SARS-CoV-2 have been created, 
as well as are at the approbation stage (testing on 
animals, inoculating a contingent of practically 
healthy and infected individuals – volunteers). 
Moreover, each company or research institute from 

different countries, in their activities adhere to dif-
ferent scientific approaches based on using in the 
“production” different “segments-variations” of 
each virus, which have direct and/or immediate 
specific immunological activity. This circum-
stance, in our opinion, cannot but affect (naturally 
in a negative sense) the effectiveness of each vac-
cine, moreover, it is possible that in cases of inef-
fectiveness of one commercial vaccine, it may be 
necessary to inoculate with another. How the ac-
tive antigenic determinants-receptors of the virus 
will “work” in this case is a big question. The is-
sues of carriage, colonization, relapse and, most 
importantly, the so-called visceral manifestations 
of COVID-19 also remain open.

Most likely, the infected process caused by 
COVID-19 is of a systemic character, which, as a 
result of the virus persistence in all integrative body 
systems, in each specific case of infection largely 
determines the polymorphic clinical picture of the 
disease. Of course, the lungs, which are constantly 
dominated by the threat of massive damage to the 
bronchiolar and alveolar apparatus, act as the “main 
target organ” of this infectious disease.

At the same time, gaining some experience in 
treating a wide contingent of patients infected with 
COVID-19, many advanced clinicians very often 
face the clinical manifestations of myocardial in-
farction, stroke, musculoskeletal disorders, throm-
bosis, thromboembolism, neurological and neuro-
psychological disorders. However, until now, a seri-
ous analysis of the above “symptoms” during 
COVID-19 has not been carried out. Undoubtedly, 
we consider it our compelled duty to once again 
point out the fact that in most lethal cases autopsy is 
not performed, while pathological (both macro and 
microscopic) studies with great reliability could 
characterize the complex of morphological changes 
occurring in the internal organs during COVID-19. 

we also consider it appropriate to share with 
some of our considerations, which, at least, may be 
of some interest to specialists of both clinical and 
paraclinical (clinical and laboratory) profile.

So, in COVID-19, the process of thrombus for-
mation is observed at the level of peripheral ves-
sels, which is fraught with the threat of thrombo-
embolism. In this regard, the aspect related to the 
nature of the occurring thrombi should be of cer-
tain scientific and practical interest, naturally, tak-
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ing into account the specific weight of thrombo-
cytes and erythrocytes at all stages of the forma-
tion and outcome of thrombosis.

As a visceral intravascular disorder during 
COVID-19 appears hypercoagulation associated 
with changes in the content and structure of plate-
lets, often leading to the formation of blood clots 
in the blood circulation system (especially in the 
respiratory and cardiovascular systems). The en-
tire complex of intravascular disorders during 
COVID-19 is conventionally designated as 
COVID-19 associated coagulation [Thachil J et 
al., 2020]. Among the constituent components of 
the complex, in particular, appears the phenome-
non of disseminated blood coagulation (in the 
phase of hypercoagulation), pulmonary intravas-
cular coagulopathy, thrombotic microangiopathy, 
endotheliitis [Magro C et al., 2020, McGonagle D 
et al., 2020]. At the same time, hypercoagulation 
during COVID-19 is associated mainly with intra-
vascular disorders of the structural and functional 
state of platelets and fibrinogen.

In this regard, in our opinion, an important cir-
cumstance should be noted. Thus, structural and 
functional changes in erythrocytes circulating in 
the blood during COVID-19, apparently, were not 
the subject of special studies. Meanwhile, it is gen-
erally accepted that erythrocytes, along with plate-
lets, are considered as “components” involved in 
the formation of fresh blood clots. Moreover, de-
pending on the character and duration of exposure 
of various pathogenic factors, the proportion 
(partly involvement) of erythrocytes and platelets 
in the formed thrombus varies widely. Therefore, 
blood clots are classified as white, red, and mixed.

In our opinion, during COVID-19, in the for-
mation of blood clots, in peripheral vessels, in the 
vessels of internal organs and in the hemomicro-
circulation system, great importance should be 
given to the character of dystrophic processes that 
occur in erythrocytes. we will try to substantiate 
our hypothesis on the specific facts discovered 
during COVID-19.

In this aspect, we should note the importance of 
the studies which show that the erythrocytes of pa-
tients with a number of oncological diseases, as 
well as in the elderly contingent of individuals, are 
characterized by a noticeably high content of ali-
phatic polyamines: putrescine, spermidine and 

spermine [Uehara N et al., 1980; Moulinoux J et 
al., 1984 a,b; 1987]. In our opinion, the assump-
tion according to which erythrocytes characterize 
those levels of polyamines that are released by 
cancer cells, deserves special attention [Moulinoux 
J et al., 1984 a,b]. It is also suggested that erythro-
cytes can serve as a “polyamine reserve” for can-
cer cells in mammals [Quemener V, 1990].

we consider it appropriate to present our own 
considerations regarding the role of “polyamine-
rich” erythrocytes in the functional activation of 
some viruses pathogenic for humans, since the latter 
have a unique ability in the macroorganism to “uti-
lize” polyamines in virus-sensitive cells of broncho-
pulmonary tissue. From our point of view, it is pos-
sible that, as polyamines in parenchymal and stro-
mal cells of bronchopulmonary tissue are depleted, 
coronaviruses pathogenic for humans, including 
COVID-19 inducing virus, begin to “utilize” poly-
amines contained in other cell populations for their 
vital activity in the macroorganism. (i.e., in addition 
to cells of epithelial origin), particularly in circulat-
ing blood cells. Since the “main dominant mass” in 
blood is made up of erythrocytes, it can naturally be 
assumed that erythrocytes are the main source of 
polyamines for viruses persisting in blood.

There is no doubt that some viruses pathogenic 
for humans, due to the peculiarities of their struc-
tural organization, among numerous functions, are 
also endowed with a selective “cytotoxic” effect on 
erythrocytes. Moreover, the realization of this effect 
is carried out by the receptor mechanism, in which 
an important role belongs to surface proteins local-
ized in the supernucleocapsid, which also include 
glycoproteins. The latter cause their agglutination 
by binding to the receptors of erythrocytes.

It is not excluded that a similar receptor mecha-
nism for the contact of SARS-CoV-2 with erythro-
cytes is also involved in conditions of infection 
with the specified coronavirus.

Thus, apparently, in COVID-19 infection, the 
above receptor-dependent process of erythrocyte 
agglutination should, in our opinion, be not re-
gional, but systemic, i.e. agglutination of erythro-
cytes occurs not only in the microvessels of the 
lungs, but extends to the entire circulatory system, 
and, first of all, to its final part – the hemomicro-
circulatory bed of all tissues, organs and systems 
of the body. Naturally, a similar mechanism of 
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“utilization” of polyamines by viruses circulating 
in the blood is also involved in other cell popula-
tions, albeit to a much lesser extent.

we hypothesize that in coronavirus-19 infection, 
the thrombus formation processes in the peripheral 
blood, which are often considered to this day as “con-
comitant pneumonia” complications, represent a 
symptom complex characteristic of a particular stage 
of the disseminated intravascular coagulation (DIC) of 
blood. In the mechanism of the induction of the throm-
bus formation process, an important role is given to 
erythrocytes, which, during coronavirus infection, as a 
result of persistence in the blood and perialveolar 
erythrocytes of viruses, undergo noticeable destruc-
tion, up to death. Erythrocyte Debris and erythrocytes 
subjected to degeneration (decay products, coin col-
umns) in COVID-19, in our opinion, serve as the main 
source of limited and/or diffuse intravascular pro-
cesses of thrombus formation. we consider it neces-
sary to note once again the fact that intra-erythrocyte 
polyamines act as the main pathogenetic factor that 
triggers the processes of dystrophy and decay of eryth-
rocytes, which for their functional activity are needed 
by viruses circulating permanently or sporadically in 
the blood and which, in our opinion, should be consid-
ered in as important pathogenetic factors in the induc-
tion of thrombus formation.

In our view, the axonal direction should be a 
specific aspect of studying the pathogenetic basis 
of the infectious process that occurs in conditions 
of SARS-CoV-2 infection. we are talking about 
the role of aliphatic polyamines – putrescine, sper-
midine and spermine in the development of re-
gional and general pathological processes in or-
gans and tissues associated with the direct (imme-
diate) effect of SARS-CoV-2 persisting in the mac-
roorganism on target cells. Based on the analysis 
of the processed literary and own researches, the 
authors of this article, for the judgment of ad-
vanced specialists working in various fields of 
modern medicine and biology, make provisions on 
the relevance of combating COVID-19, by making 
adjustments in the general (far from effective) 
treatment regimen for these infectious diseases se-
lectively aimed at inhibiting the synthesis of poly-
amines in target cells of the macroorganism.

As it is known, polyamines in the mammalian 
body are constituents of almost all cell popula-
tions, due to their important and sometimes deci-

sive role in the life of cells, at all levels of their 
development: maturation, metabolic activity, invo-
lutional decrement of all vital functions (including 
the mechanisms of apoptosis).

As we have indicated, polyamines have also 
been found in some viruses pathogenic for hu-
mans, in particular, enteroviruses, flaviviruses and 
bunyaviruses. Polyamines are present in the cap-
sids of viruses and, according to some researchers, 
are involved in the processes of intracellular pack-
aging of genetic material.

Based on the data presented in this publication, 
it seems obvious that some viruses pathogenic for 
humans do not contain the entire “set” of aliphatic 
polyamines. So, in some viruses, only putrescine 
and spermine are determined in the capsids, in oth-
ers – only putrescine, in the third – spermine, in 
fourth – very close contacts with the surrounding 
extracellular environment are created, as a result 
of which cadaverine or other polyamines are ac-
cumulated in viruses [Mounce BC et al., 2017].

In our previous studies [Avagyan S, Zilfyan A, 
2019; 2020], aspects related to the role of aliphatic 
polyamines in benign and malignant neoplasms 
were the subject of special discussion. In this re-
gard, we made an assumption according to which 
each representative from the group of aliphatic 
polyamines has a different role in the induction of 
neoplastic processes, which is different from other 
representatives of this group.

This problem can be approached from different 
angle – the biological expediency of functioning the 
cascade of enzyme-dependent reactions aimed not 
only at the synthesis of putrescine from ornithine, 
but also at the subsequent conversion of putrescine 
into spermidine, as well as spermidine into sperm-
ine. In the process of the evolutionary development 
of mammalian organism, “retro” enzymatic mecha-
nisms are also formed that provide the reverse tran-
sition of spermine and spermidine to putrescine.

It is unlikely that such an evolutionarily 
worked out cascade of enzymatic and metabolic 
reactions underlying the metabolism of aliphatic 
polyamines was aimed at the production of func-
tionally identical ones, i.e. identical in their bio-
logical activity and connection point of applica-
tion from the group of aliphatic polyamines – pu-
trescine, spermidine, spermine.

All of the above testifies, in our opinion, in favor 
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of the circumstance according to which each repre-
sentative of the group of aliphatic polyamines has 
its own biological role, which is different from other 
polyamines, in the integrative activity of the mam-
malian body, both under normal and pathological 
conditions. In this regard, it is enough to bring a few 
illustrative examples. So, in cardiomyopathies 
(ischemic and idiopathic), each representative of the 
group of aliphatic polyamines has a characteristic 
effect on the structural and functional state of myo-
cardiocytes only for itself. Putrescine, at concentra-
tions similar to those determined in the blood serum 
of intact animals, has a pronounced cardiotropic ef-
fect, stimulating in vitro and in vivo contractile ac-
tivity of myocardiocytes [Avagyan S et al., 2008; 
2009]. In a number of oncological diseases, a spe-
cial place, in our opinion, should be given to a shift 
in the content of spermidine, since the latter is con-
sidered as an objective marker – the “killer factor” 
of tumor cell death [Russel D, Durie B, 1998; Ava-
gyan S, Zilfyan A, 2020]. At the same time, a very 
high content of putrescine is determined in malig-
nantly degenerated tumor cells, due to which the 
further growth of neoplastic cells is ensured. In this 
case, putrescine acts as an “endogenous biostimula-
tor” of the growth of tumor cells. The other repre-
sentative of the group of polyamines, spermidine 
(the content of which in many oncological diseases, 
as well as putrescine, is increased), is considered 
from diametrically opposite positions – as a “killer 
factor” of death of tumor cells.

All of the above suggests that a similar scien-
tific and methodological approach should be ap-
plied when studying the role of aliphatic poly-
amines in virology as well. In this aspect, funda-
mental researches aimed at elucidating the role of 
specific representatives from the group of aliphatic 
polyamines in the processes of attachment, inva-
sion, translation, protein synthesis and replication 
of viruses pathogenic for humans, and, first of all, 
SARS-CoV-2, should be of particular importance. 
In the light of the research analysis, it is possible to 
make an assumption (as far as it claims indepen-
dence and objectivity – we leave it to the experts), 
according to which for each representative of the 
families of viruses pathogenic for humans, strictly 
determined specific functions at all stages of con-
tact of the virus with target cells in many respects 
due to the presence in their capsids of “strictly” 

specific representatives of polyamines, but not all 
of them in total. Therefore, it is possible that the 
directed functional activity of many viruses patho-
genic for humans, depending on the composition 
of the polyamines in the capsids, in each particular 
case should differ significantly from each other. 
For example, the function of a pathogenic virus, in 
the capsids of which only putrescine is determined, 
is unlikely to be identical to that of viruses in 
which spermidine or spermine dominate.

A more far-reaching assumption can be put for-
ward, according to which, if two polyamines, for 
example, putrescine and spermidine, are simulta-
neously present in the capsid of one virus, then, in 
addition to packaging genetic material, each of 
them performs its own function intended only for 
itself in the transcription processes, translation, 
protein synthesis and replication.

If our assumption has its objective roots, then 
new perspectives open up in the strategy of treat-
ing the most difficult viral diseases for humans, 
since, depending on the nature of the polyamines 
in the capsids of each virus, the tactics of therapeu-
tic interventions should be largely revised. More-
over, since the levels of aliphatic polyamines in 
various, most frequently used nutritional products 
differ significantly from each other, it is necessary, 
in our opinion, to adjust the nutritional regimen of 
patients suffering from severe viral diseases, and, 
first of all, SARS-CoV-2. we are talking about the 
“low polyamine diet”, which has found its applica-
tion in a number of oncological diseases, and 
which, unfortunately, to this day has not found its 
worthy application in viral diseases.

Recent studies have established that the role of 
polyamines in ensuring the functional activity of 
some viruses pathogenic for humans, in the process 
of persistence of the latter in a macroorganism, is 
very large and includes their participation in the 
“vital activity” of viruses, starting from the earliest 
stages of contact with target cells and ending with 
the disintegration of the latter, with the subsequent 
release of daughter viruses. Polyamines (both local-
ized in target cells and viral nucleocapsids) are in-
volved in “ensuring” the attachment of viruses to 
virus-sensitive cells, in the translation of RNA-pos-
itive viruses, and, ultimately, in replication. As the 
polyamines in the nucleocapsids of viruses are de-
pleted, the latter, to maintain their functional activ-
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ity and being already localized in the cytoplasm of 
the target cell, begin to “utilize” the polyamines of 
the macroorganism cells.

In the process of discussing this issue, referring 
the sources of polyamines production in a macro-
organism, we considered it necessary to discuss 
this problem, with the possible existence of other 
sources of polyamine synthesis. 

Resident opportunistic and also not excluded 
pathogenic microorganisms living in the econiches 
of the host organism evolutionarily formed for 
them can act as such sources of synthesis and/or 
cumulation during human infection with SARS-
CoV and SARS-CoV-2. Such econiches are mainly 
the gastrointestinal tract and the oral cavity. In our 
opinion, the “contact” of pathogenic viruses in 
pneumonia of various etiologies, including SARS-
CoV-2, also occurs in the blood, but these relation-
ships are most clearly manifested in the territory of 
the bronchopulmonary tissue. we assume that as a 
result of bacterial translocation of the resident mi-
croflora, the latter begin to occupy new econiches 
of the macroorganism. Some viruses pathogenic 
for humans, including coronaviruses, persisting in 
the lungs, as they utilize polyamines localized in 
target cells, lead in most cases to the death of vi-
rus-sensitive cells. Subsequently, to maintain its 
functional activity, SARS-CoV-2 begins to “uti-
lize” polyamines that are part of resident microor-
ganisms entering the lungs from their econiches as 
a result of the process of bacterial translocation. It 
is very noteworthy that with some coronavirus in-
fections, including COVID-19, as a result of in situ 
contact of viruses with polyamine-rich microor-
ganisms, the latter “depriving” of polyamines, un-
dergo, in our opinion, severe dystrophic changes 
(as in the case of contact of viruses with erythro-
cytes) and die. As a result, (paradoxical as it may 
seem for some bacteriologists and virologists), in-
oculations of blood and lung contents are “sterile” 
in relation to bacterial microflora All of the above 
considerations suggest that if we try to artificially 
create a relative deficiency of endogenous poly-
amines in a microorganism infected with SARS-
CoV-2, thereby creating at the same time a state of 
polyamine deficiency for the existence of viruses, 
we can to some extent stop the course of COVID-
19. That is why, in order to stop the processes that 
ensure the metabolism of polyamines in target 

cells, are proposed drugs that inhibit this exchange 
[Mounce B et al., 2016 a,b; Firpo M et al., 2020].

The choice of means was selectively directed by 
the authors to inhibit the cascade of enzymatic reac-
tions that ensure their synthesis, and the most promis-
ing in this regard was the preclinical and clinical test-
ing of the known specific blocker of ornithine decar-
boxylase (an enzyme that blocks the synthesis of pu-
trescine from ornithine) - α-difluoromethylornithine 
(DFMO) [Wang X et al., 2009].

It should be noted that DFMO is recognized by 
a number of official pharmacological and pharma-
copoeial organizations as an effective remedy for a 
number of diseases of various etiologies (includ-
ing the development of a coinfection process in the 
lungs caused by certain bacteria, HIV virus, Can-
dida albicans and Candida tropicalis, and also 
Pneumocystis Carini [Merali S, Clarkson A, 1966; 
Pfaller M et al., 1988, 1990]. However, despite the 
great effectiveness of DFMO, by including it in 
complex therapy for a number of pneumonias of 
mixed etiology, DFMO in the treatment of COVID-
19 was not used, despite the very reasonable rec-
ommendations of a number of advanced authors, it 
is highly legitimate, in our opinion, recommending 
its use. DFMO is also justified by the fact that this 
substance is not toxic in a wide range of used doses 
and has almost no cumulative properties.

And, finally, food products are the source of 
polyamine intake into the macroorganism. The 
content of polyamines in different foods varies 
considerably. According to the United States Food 
and Drug Administration, known dietary regimens 
are currently involved in foods that include spe-
cific optimal amounts of aliphatic polyamines.

It should be especially noted that the introduc-
tion of a “polyamine deficiency and low poly-
amine” diet into the generally accepted palliative 
treatment regimens for a number of malignant dis-
eases has proven to be very effective.

Despite this positive characteristic, the intro-
duction of a “polyamine deficient” diet in the gen-
eral regimen for the treatment of a number of viral 
infections, including COVID-19, as additional, but 
effective means, was not considered at all.

The authors of this publication continue to in-
sist on a “polyamine deficient” diet, while avoid-
ing foods rich in polyamines.

More comprehensive information on the ad-
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visability of using a “polyamine deficient” diet 
for COVID-19 is given in our article of this issue 
[Avagyan SA et al., 2021].

Thus, it is necessary, in our opinion, to revise 
the known (not always effective) treatment regi-
mens for COVID-19. The treatment of COVID-19 
should, in our opinion, be based on the additional 
use of drugs that block the synthesis of polyamines 
in the infected body, through the use of DFMO and 
adherence to a “polyamine deficiency and low 
polyamine” diet, while eliminating foods high in 
polyamines. In our opinion, it is also necessary to 
create specialized high-precision biochemical lab-
oratories on the basis of infectious clinics involved 
in inpatient treatment of COVID-19, by definition 
in biological samples taken from patients infected 
with viruses – erythrocytes, blood plasma, pulmo-
nary contents of levels of aliphatic polyamines – 
putrescine, spermidine and spermine, with the aim 
of subsequent “antipolyamine therapy” by using 
agents that selectively block the synthesis of poly-
amines (in our discussed version, we are talking 
about DFMO and/or synthetic analogs) and adher-
ence to a special dietary regime, with the obliga-
tory inclusion of a “polyamine reduced diet” in the 
diet of infected patients ”.

Somewhat not encouraging, in our opinion, are 
the long-term prognosis results in a certain contin-
gent of COVID-19 infected patients who achieve 
clinical recovery, with a relatively complete recovery 
of their physical condition and working capacity.

In this regard, the question naturally arises – how 
competent is it to identify the situation of clinical 
recovery with such a concept as “complete recov-
ery”, only on the basis of the relatively long absence 
of any clinical and laboratory symptoms. what 
guarantee do we have, that over time, patients who 
have clinically recovered from COVID-19 cannot 
but develop carriage of SARS-CoV-2. It is possible 
that over time, even as a result of the treatment and 
immunoprophylaxis, against the background of 
clinical recovery, incomplete inactivation and elim-
ination of the virus from the body and a state of tem-
porary coexistence of the virus-host occur, which in 
modern microbiology, virology and infectious epi-
demiology is denoted by the concept – “carriage”. 

we consider it expedient to once again remind spe-
cialists and a wide range of readers whose activities 
are carried out in various fields of science and prac-
tice not within the framework of the above disci-
plines, which is meant by the term “carriage”. The 
term “carriage” means a limited or unlimited time 
presence in a macroorganism of saprophytic, oppor-
tunistic and pathogenic microorganisms, without 
signs of infection. Such a definition, to a certain ex-
tent, can be extrapolated in relation to some viruses 
pathogenic for humans.

In our opinion, it is possible that as an outcome, 
i.e. a relatively long period of clinical recovery from 
COVID-19, the carriage of coronavirus may appear 
in the macroorganism, followed by the colonization 
of all new econiches. In a similar situation, the coro-
navirus, retaining its viability, but temporarily “los-
ing” its pathogenic potency, persists in target cells. 
A similar way of a virus coexistence with target 
cells of a macroorganism, naturally, needs addi-
tional proof. In particular, it is enough to bring one 
typical example, reflecting the “unique” relation-
ship of target cells with viruses-bacteriophages, 
which arise not only in vitro, but also in the whole 
organism. In virology, cases are described when the 
virulent (pathogenic) potency of viruses is signifi-
cantly weakened, as a result of which the death 
(decay) of bacteria does not occur. Such viruses are 
designated as temperate phages, which in bacteria 
do not cause the formation of virus-specific proteins 
and nucleic acids, but are included in the bacterial 
chromosome, as a result of which the bacterium ac-
quires a new set of genes, and also becomes “im-
mune” to reinfection [Pozdeev O, 2001].

A similar phenomenon in virology appears 
under the term “lysogeny” and is described when 
the bacteriophage is represented by some DNA vi-
ruses. It is possible that a similar situation may 
arise during the formation of a bacteriophage due 
to RNA-positive viruses.

At the same time, regardless of the circum-
stance, whether our assumption about RNA-posi-
tive viruses is confirmed or not, the threat of their 
alleged carriage allows the emergence of subse-
quent colonization.
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