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and systemic inflammation. The role of pro-inflammatory cytokines in the development of endothelial dysfunction,
remodeling of the myocardium and the progression of CHF is noted. An independent factor of pathogenetic changes
in the development of CHF is hypoestrogeny in postmenopause. Mechanisms of activation of pressor systems in
conditions of estrogen deficiency and mediated effects are presented, including molecular mechanisms of connective
tissue dysmetabolism, cardiohemodynamic consequences and their interrelationship. Common links were found in
the pathogenesis of hypertension, CHF and processes accompanying postmenopause. The pro-inflammatory signaling
cascades involved and activated in the mechanisms of CHF formation in postmenopausal women, in particular, with
the participation of interleukin ST2, osteoprotegerin, are described in detail. The importance of hypoestrogenia in
the activation of pro-inflammatory mechanisms with the development of osteodysmetabolism, myocardial fibrosis
and remodeling and their relationship through the prism of systemic inflammation is substantiated. Potential early
markers of the development of CHF are presented, and possible directions of therapeutic influence are indicated.

Conclusions. The review systematizes modern ideas about the pathogenetic mechanisms of the development
of CHF in postmenopausal women against the background of hypertension, which determines the prospects for
solving the problematic issues of diagnosis and treatment of CHF.
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This article is devoted to the main achievements and problems associated with vaccination against the COVID-19
coronavirus infection. This problem remains relevant as the coronavirus infection is a highly contagious disease that
spreads widely worldwide. Vaccination is currently the most effective way to prevent the occurrence of a coronavirus
infection or its severe consequences. The difficulty is that vaccination against COVID-19 is effective only when the
antigenic structure of the circulating virus matches the antigens contained in the vaccine (or, in the case of RNA and
DNA vaccines, the viral antigens programmed into the genetic code). However, the coronavirus is constantly chang-
ing its genetic structure, resulting in new strains that differ from circulating variants and have pandemic potential,
against which existing vaccines may be ineffective. This study aimed to determine the main approaches to creating
a vaccine's advantages and disadvantages of vaccination through bibliographic analysis. A literature search was
conducted among published peer-reviewed articles, books, textbooks, and monographs. The obtained data were
systematized and processed. Attention was paid to the main approaches to creating vaccines against COVID-19; the
problems of immunological imprinting and antibody-dependent enhancement of infection were assessed. It was es-
tablished that strategies based on the use of DNA and RNA vaccines to solve the problem of their low immunogenic-
ity in humans are a real alternative for the future development of medicine in the prevention of infectious diseases.

Key words: vaccination, coronavirus infection, COVID-19, vaccine, immunological imprinting, antibody-depen-
dent enhancement of infection.
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Connection of the publication with planned re-
search works. This work is a fragment of the research
work “Regularities of morphogenesis of organs, tissues
of vascular and nervous formations in normal, patho-
logical conditions and under the influence of exogenous
factors”, state registration number 0118U004457.

Introduction. Coronavirus infection is a highly conta-
gious infectious disease that spreads widely worldwide
[1, 2]. This disease leads to a violation of the general
homeostasis of the body, acting on it as a vital stress
factor, which leads to changes not only in the organs
of the respiratory system but also in the entire body as
a whole, and requires the search for the most optimal
methods of treatment and prevention [3-6]. Currently,
vaccination is considered the most effective way to pre-
vent coronavirus infection or its severe consequences.
The difficulty is that vaccination against COVID-19 is ef-
fective when the antigenic structure of the circulating
virus matches the antigens contained in the vaccine (or,
in the case of RNA and DNA vaccines, the viral antigens
programmed into the genetic code). However, the coro-
navirus is constantly changing, resulting in new strains
that differ from circulating variants and have pandemic
potential, against which existing vaccines may be inef-
fective [7]. In addition, after vaccination, a person, hav-
ing entered the state of the infectious process, becomes
more vulnerable to the disease for some time [8].

When developing vaccines and carrying out mass
vaccinations, one should also consider the possible
prospect of complications due to antigenic imprinting
and antibody-dependent enhancement of infection
(ADE) [9, 101].

The phenomenon of antibody-dependent enhance-
ment of infection must be taken into account when de-
veloping vaccines against viruses that usually replicate
in macrophages, inducing the production of a large
number of antibodies with a poor ability to neutralize
homologous viruses and capable of persistent infection
[11]. Complications associated with these phenomena
may appear many years after the previous vaccination
or epidemic. Vaccination carried out without taking
them into account can complicate the epidemic process
or cause the development of an epidemic of a closely re-
lated virus in those regions where this virus and another
against which the vaccination was carried out circulate
simultaneously. Therefore, it would be more correct
to speak not about total vaccination but selective vac-
cination based on monitoring of immunological status.
Individual diagnosis of the immune status of a specific
person at the time of vaccination makes it possible to
significantly reduce the likelihood of side effects and
mortality from complications in general.

Thus, the study of the phenomenon of antibody-de-
pendent enhancement of infection in the process of de-
velopment, preclinical and clinical research of vaccines,
and diagnosis of immune status during mass vaccina-
tions are necessary conditions for the effective and safe
use of immunoprophylaxis against COVID-19.

The aim of the study. Identification of the main ap-
proaches to creating vaccines, advantages, and disad-
vantages of vaccination through bibliographic analysis.

Object and research methods. This bibliographic
analysis is based on published peer-reviewed articles,
books, textbooks, and monographs. For this systematic
review, a literature search (relating to the study of the

main approaches to creating vaccines, the advantages
and disadvantages of vaccination) was carried out on
the worldwide Internet, domestic and foreign sources
of literature, the scientific and electronic library of the
Poltava State Medical University using the following
keywords: “virus”, “coronavirus infection”, “COVID-19”,
“entrance gate of infection”, “vaccination”, “immune
system”, “phenomena of immunological imprinting”,
“antibody-dependent enhancement of infection”. The
search period covered the period from 2011 to 2022;
some valuable data from earlier years are included in
the review, as these literary sources have a significant
scientific value.

The following inclusion and exclusion criteria were
used:

- inclusion criteria: original articles published in jour-
nals and conference proceedings, books, textbooks,
monographs; publication language: Ukrainian, English;

- exclusion criteria: reviews, case studies, editorials,
letters, etc., not reviewed for review; a language of pub-
lication: others.

Research results and their discussion. Like all
medicinal products, vaccines against COVID-19 are first
tested in the laboratory (for example, studies of their
pharmaceutical quality and studies related to verifica-
tion of effectiveness in laboratory tests and animals)
[12, 13]. Vaccines are then tested on human volunteers
in studies called clinical trials. These tests help confirm
the effectiveness of vaccines and, importantly, assess
their safety and protective effectiveness.

The main approaches to creating a vaccine
against COVID-19:

1. Vaccines based on a weakened virus. This is how
vaccinations against measles, mumps, rubella, and
chicken pox work. The principle is simple. When the
human virus is forcibly “transplanted” into an animal
cell culture, it will begin to mutate. After each cycle of
infection, the virus will better adapt to the host’s body
and, at the same time, become less pathogenic. A posi-
tive effect is that the weakened virus causes a persistent
immune response in a person for a long time. Disadvan-
tages: in the process of creating a live vaccine, the virus
can mutate, and it is difficult to predict this process.

2. Inactivated vaccines. Such vaccines include viruses
that cannot infect cells. A similar principle is the basis of
vaccinations against poliomyelitis and whooping cough.
The creation process is when the virus is heated and ir-
radiated with ions and disinfectants. In fact, they Kkill.
But a “dead” virus can also trigger an immune response.
Safety is a positive effect. Disadvantages: the effect is
short-lived and not as strong as in the case of live vac-
cines.

3. Vector vaccines. Completely different viruses
are used as a basis, which serves as a vector (or, more
simply, a vehicle) for delivering the desired virus to
the cell. A small gene of the selected virus is inserted
into the vector virus. As a result, proteins-antigens of
the desired virus appear in the envelopes of harmless
viruses. Once inside the human body, they provoke an
immune response, as effective as “live” ones, but they
protect against virus mutation, so they are much safer.
The disadvantages of this type of vaccine can be consid-
ered their lack of research. There have been attempts to
develop such vaccines for HIV, Ebola, and influenza, but
none have been approved for humans.
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4. Protein vaccines. They are produced based on an-
tigen proteins and provoke an immune response enter-
ing the human body. In fact, the prototype of such a vac-
cine was already used in practice when severe patients
with a coronavirus infection were transfused with the
plasma of convalescents. Such a vaccine is considered
the safest; it can be quickly produced. But it is com-
plicated to get enough of the same proteins, and the
immunity will likely not be so stable. According to the
WHO, no protein vaccine has yet crossed the threshold
of preclinical trials. And even if successful, the produc-
tion of such a drug will be too expensive. Nevertheless,
the safety of this vaccine and the possibility of the rapid
output are positive. Disadvantages: difficulties in ob-
taining a large number of antigen proteins, short-lived
effect, high price.

5. Vaccines based on DNA and RNA nucleic acids.
The DNA vaccine contains a circular DNA molecule
(plasmid), which includes “instructions” for creating a
viral protein. Once inside the human body, circular DNA
becomes part of the genome and reprograms the host
organism’s cells, triggering the antigen production pro-
cess. The high efficiency of this vaccine can be noted
among the advantages. However, the disadvantages
are insufficient to study; the risk of integrating foreign
DNA into the host’s genome can cause severe mutations
and new diseases. So far, only one vaccine of this type
is used — vaccination against the Zika virus (Flaviviridae
family) for horses. In fact, DNA vaccines are artificial vi-
ruses [14].

The principle of action of the RNA vaccine is differ-
ent. It contains a viral molecule — matrix RNA (mRNA).
This molecule is a “template” from which the viral pro-
tein is directly read. The hypothesis is based on the fact
that this mRNA, having entered the human body, causes
protein synthesis, is recognized by the immune system,
and includes protective forces — it starts the production
of antibodies.

Using recombinant DNA and RNA is still a relatively
new way to create vaccines. Despite the failures of clini-
cal trials of DNA vaccines and the fact that many RNA
vaccines are still under development, these technolo-
gies have great potential. First of all, this is due to the
simplicity and versatility of the creation of plasmids/
RNA and the technological process, as a rule, based on
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the cultivation of E. coli. However, in recent years, the
revival of interest in DNA and RNA vaccines has been
associated with the success of the use of plasmids and
RNA in gene therapy, as well as the creation of more
effective genetic constructs, the improvement of deliv-
ery technologies, and the emergence of new promising
technologies (iDNA, PPLAV, self-amplifying RNA) (fig.)
[15].

Transcription is the process of RNA synthesis using
DNA as a matrix, which occurs in all living cells; in other
words, it is the transfer of genetic information from DNA
to RNA.

Processing, co-transcriptional modification, and
post-transcriptional modification are the maturation of
the newly synthesized RNA molecule to its functionally
active form.

Gene expression is a process in which the genetic
information of genes (nucleotide sequence) is used to
synthesize a functional product: protein or RNA.

The translation synthesizes proteins from amino
acids, which is catalyzed by a ribosome on a template
RNA (mRNA) matrix. The translation is one of the stages
of protein biosynthesis, which, in turn, is part of the pro-
cess of gene expression.

Post-translational modification (PTM) is a chemical
modification of a protein after its translation. This is one
of most proteins’ last stages of the protein biosynthesis
process.

The major histocompatibility complex (MHCC) is a
group of closely linked genes of the 6th chromosome,
encoding mainly immunologically significant molecules
of three classes (MHC antigens of classes |, II, Ill). It was
discovered during the work on allogeneic transplanta-
tion MNS antigens got their name thanks to their abil-
ity to cause a transplant rejection reaction when these
antigens of the donor and the recipient do not match.

DNA vaccines and RNA vaccines work differently. At
the stages between immunization with a DNA template
and expression of the target antigen, the DNA must
cross the cytoplasmic membrane and nuclear envelope
of the cell, be transcribed into mMRNA and move back
into the cytoplasm to initiate translation.

Immunological imprinting and antibody-dependent
enhancement of infection:

1. Phenomena of immunological imprinting and an-
tibody-dependent enhancement of infection. In
the early 1950s, Davenport F.M., etc. unexpect-
edly discovered that the blood serum of people
older than 28 years who got sick with influenza
before the 1950s, that is, before mass vaccination
s of the population against influenza, contained
low titers of antibodies to the virus serosubtype
A (H1IN1), used in the preparation of the vaccine,
but an increased content of antibodies to the in-
fluenza virus that circulated epidemically earlier
[16]. The most significant number of people with
this distribution of titers of specific antibodies is
attributed to the age group of 35-38 years, which
survived the “Spanish” flu pandemicin 1918. Sim-
ilar results were later obtained for influenza virus

serotype B and its antigenic variants. To explain
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the immunological phenomenon, Davenport
F.M., etc. suggested that during the first infection
with the influenza virus, even in childhood, the
immune system focuses on some dominant an-
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tigen among the circulating strains of the virus. Further
exposure to influenza viruses, antigenically related to
the previous one, causes a rise in the level of antibodies
not to their antigens but to antigens of the strain of the
virus that caused the first infection.

The phenomenon of immunological imprinting was
first described by Francis (1953). Its essence is that
each antigen is represented by several epitopes (areas
of the antigen that differ from each other). In response
to antigen penetration into the body, chemically het-
erogeneous antibodies are formed that differ in their
specificity. When a virus that has some, even minimal,
similarity to the previous pathogen enters the body, the
body does not see it, and a previously familiar antigen
produces antibodies. That is, upon repeated contact of
the immune system with a pathogenic microorganism
and/or vaccine antigens, the differences between the
old version of the antigen epitope and its new version
may not be noticed by the immune system. Then in the
process of antigenic stimulation, memory B cells are the
first to be activated, which “remembered” the previ-
ous antigen. Next, they differentiate into plasma cells
that produce antibodies against this antigen, although
the immune system does not come into contact with
it. The antibodies that were formed cannot effectively
neutralize the infectious disease’s causative agent. The
production of antibodies specific to the new pathogen
is inhibited due to the suppression of “naive” B-cells by
activated memory B-cells. It leads to an aggravation of
the infectious process (antibodies to the new pathogen
are not produced) and a more accessible virus spread in
human populations.

The forgotten immunological phenomenon had to be
remembered by researchers not related to the vaccine
business when they began to study the consequences
of mass vaccinations imposed on the population by the
WHO and pharmaceutical corporations under the pre-
text of averting the transition of the swine flu pandemic
to the “Spanish flu”.

Four epidemiological studies of the distribution of
the pH1N1 pandemic influenza virus carried out in Brit-
ish Columbia (Canada) in 2009 revealed an increased
risk of developing influenza in persons previously vac-
cinated with the trivalent activated influenza vaccine
(TIV), which was used for seasonal prevention the flu
The authors associate it with the phenomena of anti-
genic imprinting, antibody-induced enhancement of
infection and other, as yet unknown factors, on the
need to study which they draw the attention of other
researchers.

Due to antigenic imprinting, multiple vaccinations
and previous flu illnesses lead to specific low-avid anti-
bodies that cross-react with flu viruses but do not have
a protective effect circulate in a person’s blood serum.

Antibody avidity or functional affinity is the strength
of the bond between an antibody and an antigen.

For example, according to Monsalvo A.C. et al,, in
deceased middle-aged patients and those with severe
influenza, specific low-avid antibodies (IgG) formed im-
mune complexes with the virus, which were deposited
in the lung tissue and caused pulmonary edema, peri-
bronchial mononuclear cell infiltration and, as a result,
— hypoxemia. The higher the titer of such anti-influenza
antibodies, the more severe the disease was. No neu-
tralizing pH1IN1 antibodies were detected in the pa-

tients, and influenza virus was found in lung tissue in
high titers.

The role of antigenic imprinting in epidemic, infec-
tious and post-vaccination processes is as follows:

1) antigenic imprinting, which developed in re-
sponse to an infectious or vaccine process (or their com-
bination), accompanies a person throughout his life and
determines the reaction of the immune system in infec-
tious processes and the structure of population morbid-
ity during epidemics (pandemics) caused by the same
causative agent of an infectious disease;

2) in case of complete antigenic coincidence of the
new causative agent of the disease with the causative
agent that formed memory B cells in the past, these
cells produce specific antibodies that have a protective
effect, and the development of the infectious process
may not occur. The retrospective epidemiological analy-
sis will reveal age groups of the population that are little
involved in the epidemic (pandemic);

3) if there is no antigenic match between the patho-
gens of the infectious disease that caused the first and
subsequent (second) infectious processes, but the anti-
genic distance between them is so tiny that the immune
system cannot distinguish the strain (serosubtype) of
the pathogen of the infectious disease from the one
that formed B -memory cells during the first infectious
process, then plasma cells synthesize antibodies specific
to the strain (serosubtype) of the causative agent of
the infectious disease that spread during the pandemic
when memory B cells were formed. As a result, the im-
mune system “works off the wrong target”, and the pro-
tective effect is absent. A retrospective epidemiological
analysis will reveal the age groups of the population that
suffered the most significant losses in this pandemic;

4) during the development of the phenomenon of
antigenic imprinting in response to the causative agent
of an infectious disease or vaccination, in addition to an-
tibodies specific for the antigen first recognized by the
human immune system, antibodies will be formed that
cross-react with pathogens of strains close in antigenic
structure, but have a low affinity to them avidity and are
capable of intensifying the infectious process (the effect
of antibody-dependent enhancement of infection);

5) if the antigenic distance between the strain (se-
rosubtype) of the causative agent of infectious disease,
which caused an infectious process in the past and
which caused a new infectious process, is so great that
the immune system recognizes it, then the immune re-
sponse can be directed against this strain (serosubtype).
At the same time, new memory B-cells will be formed,
which will react with the causative agent of the disease
as described above during further outbreaks of the
same infectious disease;

6) when a person is repeatedly infected with sero-
subtypes of the causative agent capable of inducing the
development of the antigenic imprinting phenomenon,
the serology of the disease is distorted, and establishing
the subtype of the causative agent is possible by mo-
lecular genetic methods;

7) with the development of the phenomenon of an-
tigenic imprinting, multiple vaccinations and transferred
infectious diseases make the responses of the immune
system to re-infection with the same pathogens of the
infectious disease less predictable: from immunity that
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prevents the development of the infectious disease to
its weighting with fatal outcomes in patients.

Post-vaccination complications associated with an-
tigenic imprinting may appear decades after its imple-
mentation. Vaccination with the same vaccine can give
opposite results in population groups with different
epidemic histories and previously repeatedly vaccinated
with the same vaccine.

2. The phenomenon of antibody-dependent en-
hancement of infection. In the early 1970s, Western
researchers discovered antibody-dependent enhance-
ment of infection (ADE) during the development of an
epidemic process [17]. The presence of antibodies in
the blood serum of a convalescent, remaining after mild
cases of Dengue fever, upon re-infection with DENV of
a different serotype leads to a severe course of the dis-
ease.

The essence of the phenomenon of antibody-de-
pendent enhancement of infection is the enhance-
ment of the infectious process by antibodies specific
to the causative agent of the infectious disease. Such
antibodies form complexes with the causative agent of
an infectious disease or its toxin. With the help of the
Fc-fragment, the antibodies interact either with the Fc-
fragment-specific receptor (Fc-receptor, FcR) or with
the complement receptor (complement receptor, CR)
on the surface of phagocytic cells. Intensification of the
infectious process occurs due to the reproduction of the
microorganism in phagocytic cells.

Fc-fragment of Ig (fragment of crystallizable immu-
noglobulin, fragment crystallizable region, Fc-region) is
the final part of the immunoglobulin molecule that in-
teracts with the Fc-receptor on the cell surface and with
some proteins of the complement system. Fc-fragments
of antibodies of the same class are conservative.

Fc receptors are molecules, each recognizing immu-
noglobulin of one or more related isotypes. Receptors
of this type are part of the immunoglobulin superfam-
ily. Fc-receptors for immunoglobulins are on the surface
of mononuclear leukocytes, neutrophils, normal killer
cells, eosinophils, basophils, and mast cells. Interacting
with the Fc region of immunoglobulins of different iso-
types, these receptors stimulate, for example, phagocy-
tosis, antitumor cytotoxic activity, and degranulation of
mast cells.

The interaction of the “Antibody — infectious agent”
complex with Fc receptors and complement receptors of
monocytes/macrophages helps to change the tropism
of the infectious agent during the infectious process.

Example 1. The severe acute respiratory syndrome
coronavirus (SARS-CoV) does not infect human mono-
cytes/macrophages at the initial stage of the infectious
process because there are no receptors on the surface
of these cells that it can recognize [18]. However, an-
tibodies to the spike of the coronavirus envelope, pro-
duced by the human immune system in response to
infection, contribute to the penetration of SARS-CoV-2
into monocytes and macrophages through the Fc recep-
tor and complicate the course of the disease.

Example 2. Parvovirus B19 (parvovirus B19, B19V) in
vitro shows a strict tropism towards erythroid progeni-
tor cells and causes their death. The clinical manifesta-
tions of parvovirus infection are usually consistent with
these ideas about the specificity of the virus.

In healthy children, the infection often manifests it-
self only in the form of benign infectious erythema. In
adult patients, skin lesions are less common, but there
are cases of acute and chronic cardiomyopathy with a
high content of parvovirus B19V DNA in the endothelial
cells of the myocardium, which contradicts the results
of experiments performed in vitro, which showed the
impossibility of such an infection. Kietzell K. and others
found that the absorption of B19V by endothelial cells
is based on a mechanism that uses antibody-dependent
enhancement of infection. Antibodies specific to B19V,
forming a complex with the virus and interacting with
the surface glycoprotein of the endothelium CD93 — the
receptor for the temperature-sensitive complement fac-
tor Clq, increase its absorption by the endothelial cells
of the myocardium almost 4000 times. The scientists
above consider this mechanism the main one in devel-
oping myocardial lesions in parvovirus infection.

Antibody-dependent enhancement of infection com-
plicates the course of an infectious disease caused by a
closely related microorganism (or a microorganism of
the same serocomplex) if cross-reacting antibodies are
present in the patient’s blood. The same problem was
encountered by Japanese epidemiologists who discov-
ered a severe course of Dengue fever in initially infected
residents of the southern regions of Japan, endemic to
Japanese encephalitis (Japanese encephalitis, JE), who
traveled to areas of Southeast Asia endemic to Dengue
fever. Up to 2% of such residents suffer from Japanese
encephalitis during their lifetime and have neutralizing
antibodies to its causative agent — the Japanese enceph-
alitis virus [19]. Their number among people younger
than 50 years is constantly increasing due to the imple-
mentation of various programs for vaccination of the
population against Japanese encephalitis, thereby in-
creasing the risk of hemorrhagic course of Dengue fever
during primary infection with the Japanese encephalitis
virus. Japanese encephalitis and Dengue viruses belong
to the Flaviviridae family and share common epitopes.

The phenomenon of antibody-dependent enhance-
ment of infection is most characteristic of infectious pro-
cesses caused by viruses and has the following features:

a) they are usually replicated in macrophages;

b) induce the production of a large number of anti-
bodies with cross-specificity and a low ability to neutral-
ize homologous viruses;

c) are capable of persistent infection, characterized
by prolonged viremia.

Antibody-dependent enhancement of infection can
be a consequence of antigenic imprinting if low-avid an-
tibodies that cross-react with dominant antigenic epit-
opes are formed during repeated infection in a person.

There is indirect evidence of the involvement of an-
tibody-dependent enhancement of infection in the pro-
gression of tuberculosis infection and Ku-fever.

Antibody-dependent enhancement of infection can
contribute to developing diseases that are usually con-
sidered somatic. Type 1 diabetes is associated with the
destruction of B-cells of the pancreas, which synthesize
insulin. Hereditary factors are considered the basis of
the development of such pathology. In recent years,
other causes of B-cell death have been clarified. Epide-
miological studies of populations of people with a simi-
lar genetic profile made it possible to establish a close

54 ISSN 2077-4214. Bicuuk npo6nem Gionorii i meguuunm — 2022 — Bun. 3 (166) / Bulletin of problems in biology and medicine — 2022 - Issue 3 (166)



ornaaun NITEPATYPU / LITERATURE REVIEWS

relationship between genetic factors and environmental
factors in the pathogenesis of type 1 diabetes.

Coxsackie virus type B (Coxsackie virus-B, CV-B), an
enterovirus of the Picornaviridae family, is considered
the primary candidate for such an external factor, ac-
cording to epidemiological and experimental studies
[20]. The human immune system easily recognizes this
virus by its dominant antigen — structural protein VP4
(viral protein, VP). VP4 is located on the surface of the
virion and protrudes from it in the form of a spike. It
binds to receptors on the surface of target cells and di-
rects the introduction of the virus into the cell. But an-
tibodies to VP4 do not block the infection but start the
mechanism of its antibody-dependent strengthening.
Antibodies to VP4 bind CV-B, and the “Antibody-CV-B”
complex formed interact on the surface of monocytes
with CV-B and adenovirus receptors (Coxsackie virus
and adenovirus receptor, CAR) and Fc receptors (FcyRIl
and FcyRIll ). As a result, the “Antibody-CV-B” complex
penetrates the cell, and the viral RNA is released into
the cytoplasm and stimulates the synthesis of IFN-a. At
the same time, CV-B reproduction occurs in the cell, and
viral particles enter the blood, intensifying the infec-
tious process.

Re-infection of CV-B in combination with the phe-
nomenon of antibody-dependent enhancement of
infection stimulates the non-physiological synthesis
of IFN-a, which contributes to the development of au-
toimmune reactions against B-cells of the pancreas in
patients genetically predisposed to the development of
type | diabetes. At the same time, monocytes play the
role of a “Trojan horse”, spreading CV-B on B-cells of the
pancreas.

Antibody-dependent enhancement of infection de-
velops in two stages:

1. Extrinsic antibody-dependent enhancement of in-
fection (extrinsic ADE, eADE) is a virus-specific antibody
that forms a complex with the virus through the interac-
tion of its Fc fragment with the Fc receptor (FcR) and/or
with complement receptors (complement receptor, CR)
on the surface of phagocytic cells, increases the spread
of the virus on phagocytic cells.

2. Internal (intracellular) antibody-dependent en-
hancement of infection (intrinsic ADE, iADE) — “virus-
specific antibody” complexes that interact with a
phagocytic cell through Fc receptors and complement
receptors, trigger signaling mechanisms that block its
antiviral defense, and thereby contribute intracellular
reproduction of the virus.

It is worth citing examples of some viral and bacte-
rial infections accompanied by the antibody-dependent
enhancement of infection: Ebola fever, hepatitis C, HIV/
AIDS, tick-borne encephalitis, rabies, measles, an acute
respiratory syndrome caused by a coronavirus, tubercu-
losis [21]. However, the most probable development of
antibody-dependent strengthening of the infection is in
persons who were previously vaccinated against virus-
es, pathogens of infectious diseases represented by the
families: Orthomyxoviridae, Paramyxoviridae, Rhabdo-
viridae, Coronaviridae, Retroviridae, Parvoviridae, Filo-
viridae, Flaviviridae, Togaviridae, Picornaviridae, as well
as pathogens of tuberculosis.

The phenomenon of antibody-dependent enhance-
ment of infection develops against the background of
sensitization caused by vaccination. Complications after

vaccination, which arise as a result of antibody-depen-
dent enhancement of infection, have not been the ob-
ject of systematic research until now, so information
about them is scattered. Nevertheless, the phenome-
non of antibody-dependent enhancement of infection in
a previously vaccinated person may be associated with
insufficient immunization; with the features of the in-
teraction of the causative agent of an infectious disease;
with the human immune system; with the features of
the epidemic focus in which vaccination is carried out.

The cause-and-effect relationship of antibody-de-
pendent enhancement of infection with inadequate
immunization is studied in detail using the examples
of inactivated measles vaccine and inactivated vaccine
against the respiratory syncytial virus (RSV). Both vac-
cines are obtained by inactivating viruses with formalde-
hyde [22]. In the early 1960s, after mass immunization of
the population against measles with formalin-inactivat-
ed vaccines, cases of so-called atypical measles (severe
measles) were noted among vaccinated people. lankov
I.D. etc., showed that the basis of its development is the
phenomenon of FcR-ADE, which is caused by antibodies
to hemagglutinin of the virus (surface protein H).

It was established that antibodies to antigenic pro-
teins of measles and RSV viruses, inactivated by formal-
dehyde, have a reduced protective capacity compared
to antibodies obtained against the same antigens of live
vaccines. It is because antigenic proteins treated with
formalin have an increased number of active carbonyl
groups, leading to disruption of epitopes’ tertiary struc-
ture.

Antibody-dependent enhancement of infection is
a phenomenon characteristic of the interaction of the
causative agent of an infectious disease with the human
immune system. Suppose antibody-dependent en-
hancement of infection develops during the infectious
process. In that case, there is reason to believe that
the phenomenon will occur in vaccinated people and
animals if they are infected with the virus against which
they were vaccinated.

There are indicative results of experiments with vac-
cines developed for the specific prevention of retroviral
infections in animals — infectious anemia in horses and
immunodeficiency in cats. They also aimed to model
HIV vaccination strategies. Although these experiments
were performed in the 1990s, they have not yet aroused
the interest of HIV vaccine developers.

Infectious anemia in horses is caused by the equine
infectious anemia virus (EIAV) from the Retroviridae
family. The disease has a non-cyclical nature and is
manifested by fever, anorexia, and anemia syndromes;
recovery does not occur [23]. Exacerbation of the dis-
ease infected with EIAV in vaccinated horses and po-
nies is indicative if antibodies induced by the vaccine’s
introduction were present in their serum. Issel C.J. etc.
used viremia as a criterion for the severity of the disease
and demonstrated that vaccination with an inactivated
whole-virion vaccine could not prevent the develop-
ment of viremia and clinical signs of the disease in an
animal injected with a virulent strain of the virus.

Retrovirus, the causative agent of the feline immu-
nodeficiency virus (FIV), after infection of cats vacci-
nated with the membrane recombinant protein of this
virus, was detected in their blood even earlier than in
unvaccinated animals [24]. In similar studies conducted
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with various recombinant FIV vaccines, it was estab-
lished that in response to vaccination, antibodies to the
FIV. membrane protein, poorly neutralizing the virus in
vitro, are detected in the blood of animals. In vaccinated
animals, the viral load was significantly higher than in
non-vaccinated ones. As the titers of antibodies to the
FIV core protein increased in cats, the clinical signs of
the disease increased.

Similar results were obtained in experiments on hu-
mans to study the protective effect of the HIV vaccine,
conducted in South Africa by Merck.

Indirect evidence of the development of antibody-
dependent enhancement of infection during the tuber-
cular process is well consistent with the observations
of Noreiko B.V., who showed that in people vaccinated
with the BCG vaccine (BCG, Bacillus Calmette-Gurin),
secondary forms of tuberculosis are prone to progress
with the development of such complications, as the
destruction of lung tissue with bacterial secretion and
bronchogenic dissemination (from dissemino — to scat-
ter, — the spread of microbes or tumor cells from the
primary focus throughout the body). However, from this
point of view, the dissemination of the tuberculosis pro-
cess was not considered by him since the phenomenon
of antibody-dependent enhancement of infection is un-
known to clinicians.

Wallace M.J. etc., in experiments on mice, estab-
lished that antibodies to Japanese encephalitis virus
in subneutralizing concentrations increase viremia and
mortality among mice infected with Murray valley en-
cephalitis virus (MVEV). Based on these data, they as-
sumed that the phenomenon of antibody-dependent
enhancement of infection might contribute to the re-
placement of one epidemic process by another. There-
fore, the researchers believe that programs to vaccinate
the population against the Japanese encephalitis virus
in those areas where MVEV also circulates at the same
time may contribute to the development of the Murray
Valley encephalitis epidemic. In addition, later works
discussed the association of previous Japanese enceph-
alitis vaccination with severe dengue fever in Japanese
residents.

Antibody-dependent enhancement of infection is a
problem on the way to creating a new vaccine against
coronavirus (for example (SARS-CoV). One of the most
unpleasant features of coronaviruses is that many have
the phenomenon of antibody-dependent enhancement
of infection [25]. Like some other RNA viruses during
reproduction (self-copying in the host cell), they make
many mistakes, due to which the composition of pro-
teins on the surface of the virus envelope can change
significantly.

In practice, this can lead to sad consequences. For
example, let’s say that a person has passed the corona-
virus without symptoms. Then he is vaccinated against
the coronavirus — but it is far from a fact that the “vac-
cine” copy of the same coronavirus that entered his
body later will be correctly “recognized” by immunity.

Instead, an immediate, heightened immune response
may begin, accompanied by inflammatory processes. At
the same time, the concentration of antibodies after the
introduction of the vaccine may not have time to reach
the safe threshold necessary to neutralize the virus.

In this case, the presence of a person’s immunity
to the first type of coronavirus will make it easier for
the second type of coronavirus to penetrate the body’s
cells. The problem is that the older relative SARS-CoV-2
(properly SARS) shows antibody-dependent amplifica-
tion.

Back in 2011, a scientific paper was published in
BMC Proceedings that showed this. The authors of Yip
MS and others directly say: “Our data raise reasonable
concerns regarding the use of the SARS-CoV vaccine in
humans” [9].

In 2016, the same conclusions were repeated by an-
other group of researchers: “The presence of antibody-
dependent enhancement in SARS-CoV... indicates the
benefit of increased caution when developing a vaccine
against it” [16].

Four epidemiological studies of the spread of the
so-called “swine” flu HIN1 virus in British Columbia (a
province in western Canada) conducted in 2009 showed
that mass vaccinations against the flu, carried out with-
out taking into account the phenomenon of antigenic
imprinting, may lead. Furthermore, it turned out that
the risk of developing flu in persons previously vacci-
nated with trivalent inactivated influenza vaccine cre-
ated based on HIN1 virus strains (trivalent inactivated
influenza vaccine, TIV) is even greater than in persons
not previously vaccinated.

Conclusions. Thus, approaches based on the use of
DNA and RNA vaccines in case to solve the problem of
their low immunogenicity in humans are a real alterna-
tive for the future development of medicine in the pre-
vention of infectious diseases.

When developing vaccines and carrying out mass
vaccinations, it is necessary to consider the possibility of
complications associated with the phenomena of anti-
genic imprinting and antibody-dependent enhancement
of infection. Complications underlying these phenome-
na may appear decades after the previous vaccination
or epidemic. In addition, the vaccination itself, carried
out without taking them into account, can complicate
the epidemic process or cause the development of an
epidemic of a closely related virus in those areas where
this virus and the one against which the vaccination was
carried out circulate at the same time.

Prospects for further research. In the future, it is
planned to continue work in the direction of evaluating
the positive and negative consequences of vaccination
because in the pursuit of a scientific breakthrough and
in the desire to save all humanity from a new infection,
one can forget about another perspective. The world
may be plunged into a new pandemic called “Vaccina-
tion Consequences”.
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NPOTPEC | MPOB/IEMW BAKLWHALLIT MPOTU KOPOHABIPYCHOI IH®EKLIIT COVID-19

Kapartaw A. B. binaHosa /1. ., binaw C. M., MpoHiHa O. M., bBinaw B. M., puHb K. B.,
lpuHb B. I, OniiiHiueHko f. O.

Pe3stome. MNMaHaemia KopoHasipycHoi iHdekwii, cnpuunHeHoi COVID-19 € akTyaibHOO NPO6AEMOIO CbOrOAEHHS.
Tomy NoLyK ONTUMasibHUX Ta 6e3neyHux WNaxiB NPodiNaKTUKU BUHUKHEHHS Liel iHbeKLil abo BaXKKMX i HacniaKis
CTAaHOBWTb 3HAYHWUI iHTepec AN HAYKOBLIB Ta KiHILWUCTIB MO BCbOMY CBiTy. Haibinblw epekTUBHMM WAAXOM AN
LbOro € BaKLUMHaLifA, AKA Ha *Kanb, y Bunaaky COVID-19 € epeKTUBHOO nLLE TOAI, KOIM aHTUIeHHA CTPYKTYpPa LUPKY-
JIIOKOYOrO BipyCy BiAMNOBIAAE aHTUTEHAM, WO MICTATLCA Y BaKUMHI. OgHaAK, NOABa HOBMX WITaMiB, BHACAIAOK 34aTHOCTI
KOPOHaBipycy NOCTiMHO 3MiHIOBATUCA, AKi BiAPI3HAIOTLCA Big LMPKYIHOOUYMX BapiaHTIB i BONOAIOTL NaHAEMIYHUM
noTeHLialoM NPU3BOAUTL 40 HeePEKTUBHOCTI paHille 3anNpPONOHOBaHMX BAaKUMH. TOMy MeTolo AaHoi poboTu byno
BM3HAYEHHA OCHOBHUX NiAXOAIB AN CTBOPEHHA BaKUWH, Nepesar Ta HeAOIKiB BaKUMHALiT LWWAAXOM NPOBeAEeHHSA
6ibniorpadiyHoro aHanisy cyyacHux HaykoBux nybikauiii. Byno oxapaKTeprM3oBaHO OCHOBHI MiAX0AM B CTBOPEHHI
BakuMHM Big COVID-19, 30Kpema: BaKLMHM Ha OCHOBI 0C1abaeHOro Bipycy, iHAKTMBOBAHI BaKLMHM, BEKTOPHI BaKLu-
HU, BiNKOBI BaKLMHK, BaKLMHWN HA OCHOBI HYK/NeTHOBUX KMC/OT. ONMCaHO OCHOBHI NepeBarun Ta HegoNiKM, KOXKHOrO i3
3aNpoONOHOBAHUX BapiaHTIB. 3HAYHy yBary NpuAiNeHO MUTAHHIO iIMYHOJIOFIYHOTO IMAPUHTIHTY | @HTUTIIO3AN1EKHOTO
nocuneHHa iHdekuji. MpoBeaeHo AeTaNbHUIM aHaNi3 4aHUX PEHOMEHIB Ta ONUCAHO iX BN/IMB Ha ePEKTUBHICTb Pi3HMX
BaKUWH. byno BcTaHoBAEHO, Wo 3actocyBaHHA AHK i PHK-BaKUMH, 32 yMOBM BUpilleHHA Npobaemu iX HU3bKOI imy-
HOTeHHOCTI y Ntofel, € PeanbHOK aIbTEPHATMBOO A1 MalibyTHbOrO PO3BUTKY MeAULMHWN B MUTAHHAX NPodinakTu-
KM iHeKUiHMX 3axBOptoBaHb. [lOBEAEHO BaXK/IMBICTb BPaxOBYBAaHHA MOM/IMBICTI MOSBU YCKNAAHEHb, NOB’A3aHMX
3 deHOMeHaMM aHTUTEHHOTO IMNPUHTIHIY | aHTUTINIO3a1EXKHOIO NOCUNEHHA IHPeKLi Npy po3pobui BakuuH i npo-
BeAEeHHi MacoBMX BaKUMHaLin. OCKiNbKM, YCKAALHEHHA, B OCHOBI AKUX NIeXaTb Li PeHOMEHU, MOXKYTb NPOABUTUCA
yepes AecATKM POKIB nic/ia nonepeaHbOi BakuMHauji abo enigemii. Kpim Toro, cama BakumMHalis, nposeaeHa 6e3s ix
ypaxyBaHHA, 34aTHa YCKNaAHIOBaTK enigeMivyHuMi npouec abo BUKAMKATW PO3BUTOK enigemii 61n3bKocnopifgHeHoro
BipyCy B TUX paliOHax, Ae OAHOYACHO LMPKY/IOKOTb Liel BipyC i TOW, NPOTM AKOrO BaKLMHaLia NnpoBoaunacs.

KntouoBi cnoBa: BaKLMHaLis, KopoHaBipycHa iHdeKuia, COVID-19, BakuMHa, iMyHONOTIYHUI iIMAPUHTIHT, aHTU-
TinosanexHe nocuneHHa iHdekuii.

PROGRESS AND PROBLEMS OF VACCINATION AGAINST CORONAVIRUS INFECTION COVID-19

Karatash A. V., Bilanova L. P., Bilash S. M., Pronina O. M., Bilash V. P,, Hryn K. V., Hryn V. G., Oliinichenko Ya. O.

Abstract. The pandemic of coronavirus infection caused by COVID-19 is an urgent problem today. Therefore, the
search for optimal and safe ways to prevent the occurrence of this infection or its severe consequences is of great
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interest to scientists and clinicians worldwide. The most effective way to do this is vaccination, which, unfortunately,
in the case of COVID-19, is only effective when the antigenic structure of the circulating virus matches the antigens
contained in the vaccine. However, the emergence of new strains, due to the ability of the coronavirus to constantly
change, which differ from circulating variants and have pandemic potential, leads to the ineffectiveness of previously
proposed vaccines. Therefore, this work aimed to determine the main approaches to creating vaccines and the
advantages and disadvantages of vaccination by conducting a bibliographic analysis of modern scientific publications.
The main approaches to creating a vaccine against COVID-19 were characterized, in particular: vaccines based on an
attenuated virus, inactivated vaccines, vector vaccines, protein vaccines, and vaccines based on nucleic acids. The
main advantages and disadvantages of each of the proposed options are described. Considerable attention is paid
to the issue of immunological imprinting and antibody-dependent enhancement of infection. A detailed analysis
of these phenomena was carried out, and their influence on the effectiveness of various vaccines was described.
It was established that the use of DNA and RNA vaccines, provided that the problem of their low immunogenicity
in humans is solved, is a real alternative for the future development of medicine in the prevention of infectious
diseases. The importance of considering the possibility of complications associated with the phenomena of antigenic
imprinting and antibody-dependent enhancement of infection when developing vaccines and carrying out mass
vaccinations has been proven. Since the complications underlying these phenomena can appear decades after the
previous vaccination or epidemic. In addition, the vaccination itself, carried out without taking them into account,
can complicate the epidemic process or cause the development of an epidemic of a closely related virus in those
areas where this virus and the one against which the vaccination was carried out circulate at the same time.

Key words: vaccination, coronavirus infection, COVID-19, vaccine, immunological imprinting, antibody-
dependent enhancement of infection.
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EFFECT OF MONOSODIUM GLUTAMATE ON ORGANS OF THE DIGESTIVE SYSTEM

IN HUMANS AND RATS
Uzhhorod National University (Uzhhorod, Ukraine)
sasha_hetsko@i.ua

Food additives have been widely used throughout the world in recent decades. Studies have shown that a signifi-
cant share of the consumption of food additives, in particular, monosodium glutamate, falls on the inhabitants of the
Asian continent. This substance is also used in the production of medicines. The effect of monosodium glutamate on
the body as a whole and certain organs and systems was studied, as a rule, on white male rats. Increasing the dose of
monosodium glutamate during the day, both in experimental animals and humans, leads to numerous metabolic dis-
orders. Among them, there is an increase in body weight in certain population groups, obesity, and changes in blood
and urine biochemical indicators. Such changes are often associated with damage to the kidney's tubules and liver.

The discovery of the effect of monosodium glutamate on gastric secretion in the last ten years has indicated a
new direction in studying the function of MSG receptors and new methods of regulating gastric secretion. Analyzing
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