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Background. The fight against the spread of infectious diseases creates the problem of resistance to pathogens
and the most resistant of them — the propagators of nosocomial infections — are formed in hospitals because
of a number of reasons. The solution of the problem lies in different areas, but the search of new effective
means for the treatment of such diseases remains relevant right today. The shortest way to do this is to find
the "pain points" of the pathogens themselves, i.e. the factors of their pathogenicity and resistance to which
the action of novel antiseptics should be directed.

Objective. We aimed to analyse and evaluate the main factors of pathogenicity and resistance of pathogens of
nosocomial infections to determine modern approaches to the development of novel antimicrobials.
Methods. Search and systematization of new scientific data and results concerning pathogenic factors of
microbial pathogens that can be used as targets for the action of drugs.

Results. Over the last 10—20 years, due to the development of new research methods in biology, it has become
possible to clarify the features and additional conditions for the detection of pathogenic factors of nosocomial
infections. Additional mechanisms of manifestation of resistance, adhesiveness, invasiveness, transmission of
signs, secretion of toxins by pathogens are shownthat determines the general increase of their resistance to the
action of currently used means. The general idea of creating antiseptics that will not increase the resistance of
pathogens can now be implemented by using substances with multidirectional or indirect mechanisms of action
that minimally affect the metabolism of the cell and significantly reduce its resistance and pathogenicity.
Conclusions. Factors of pathogenicity of propagators of nosocomial infections and mechanisms of their im-
plementation can be considered as the main targets for the action of novel antiseptics that will inhibit the
spread of pathogens without increasing their resistance. The promising substances for such drugs, among
other things, are bacteriophages and their modifications, enzybiotics, immunobiotics, autoinducer inhibitors,
quorum sensing-system inhibitors, B-lactamase inhibitors and others. Some of these substances in combina-
tion with the new generation of antibiotics significantly enhance their effectiveness and together they are able
to overcome the resistance of even multidrug-resistant pathogens.
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Introduction

The era of antibiotics, which began with the
discovery of penicillin in the XX century, may
soon end and humanity will face a challenge to
overcome which will have to find new solutions.
This challenge is now the "era of antibiotic resis-
tance", caused not only by evolutionary mechan-
isms of protection of pathogens, but also by many
factors of human activity [1—3].

Particular importance are methods of combat-
ing infectious agents when they are in treatment
centers and a large number of people can both
become infected and be a source of their spread.
Such infections are nosocomial (hospital-acquired
infection) and are defined by World Organization
of Health (WHO) as infections that can be infected

the patient during care in a hospital or other health
care facility [3—5]. The sources of infection in
hospitals are not only other patients and staff,
but also surfaces, instruments, medical manipu-
lations and operations, which is due to problems
in ensuring proper conditions. However, one of
the important factors in the treatment of noso-
comial infections is their resistance to many anti-
biotics used in hospitals at the same time, and as
a result "superbug" arise, for which there is no
effective counteraction [4—6]. WHO defines a list
of such relevant "superbugs”, and almost half of
them are included in the already established acro-
nym ESCAPE — Enterococcus faecium, Staphylo-
coccus aureus, Klebsiella pneumoniae, Acinetobacter
baumannii, Pseudomonas aeruginosa and Entero-
bacter spp. [1, 5, 7-9].

© The Author(s) 2021. Published by Igor Sikorsky Kyiv Polytechnic Institute.

This is an Open Access article distributed under the terms of the license CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/), which permits
re-use, distribution, and reproduction in any medium, provided the original work is properly cited.



74

It was found that the natural and induced va-
riability of microorganisms that cause inflammatory
processes leads to an increase in their resistance
due to the acquisition of resistance — the ability to
resist the action of previously effective antiseptics.
In addition, there was a selection of resistant forms
of microbial pathogens, which caused low efficien-
cy of therapy, severe disease, long-term treatment
or, in some cases, the inability to overcome the in-
fection at all [4, 9, 10]. The above and many other
sources, citing WHO and the Center for Disease
Control (CDC, USA), state that the need to de-
velop effective antimicrobials against these and other
nosocomial infections is a "need of the hour" [3—5].

Obviously, the solution of the problem of
overcoming nosocomial infections has many di-
mensions, including organizational, educational,
medical and so on. But these long-term strategies
do not remove the urgent task of finding effective
antimicrobials or new combinations to treat these
severe, often combined infections, right today. This
work currently involves a large number of scientists
and practitioners, each of whom chooses his own
approach, one of the most effective of which is
undoubtedly the identification of the most vulnera-
ble sites of infectious agents and their use as targets
for new drugs [11—13]. Such vulnerable points of
microbial pathogens mainly determine their resis-
tance and pathogenicity, and therefore these factors
can be considered more closely to find the target.

Therefore, it is important to search and sys-
tematize new scientific data and results in this re-
gard, and the aim of our work is to analyze and
evaluate the main factors of pathogenicity and
resistance of nosocomial infections to determine
modern approaches to the development of novel
antimicrobials.

Factors and mechanisms of pathogenicity

Pathogens cause pathogenicity to the host
mainly through four steps, including adhesion, co-
lonization, invasion and toxin production, among
which adhesin play essential roles in binding to
host epithelial and endothelial cells, interactions
with host mucosal layers and components of the
extracellular matrix (ECM) that surround host
cells, and in biofilm formation [14—16]. It can not
only be an inherent component of a pathogen that
causes damage to host cells and/or tissues (e.g.,
exotoxins), but also a molecule or structure (e.g.,
capsule, biofilm) that enables the pathogen to
evade or modulate host defense systems to its re-
plicative advantage. Moreover, it enhances the
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ability of a pathogen to resist host fluid flow, at-
tach to specific target cells, and potentially invade
those target cells.

Bacteria have evolved an abundance of me-
chanisms to engage with host cells and manipulate
their cellular signaling programs to facilitate colo-
nization [17].

Adhesion of bacteria to host surfaces is a cru-
cial aspect of host colonization as it prevents the
mechanical clearing of pathogens and confers a se-
lective advantage towards bacteria of the endogen-
ous flora. Bacteria have evolved a very large arsenal
of molecular strategies allowing them to target and
adhere to host cells. Depending on the biochemi-
cal identity of the adhesive structure, its role dur-
ing colonization may vary: it may be to enable ini-
tial, weak, and nonspecific adhesion, by establish-
ing hydrophobic interactions with the host surface,
thereby overcoming the electrostatic repulsion be-
tween bacterial and host surface. Other adhesins
engage in highly specific interactions with host sur-
face receptors, giving rise to high-affinity, stable
interactions.

Pili, which are polymeric hair-like organelles
protruding from the surface of bacteria, represent a
first class of structures involved in the binding of
bacteria to host cells [14]. The base of these struc-
tures, initially discovered in gram-negative bacte-
ria, is anchored to the bacterial outer membrane,
whereas the tip is usually an adherence factor con-
ferring the binding specificity of these structures.
The most important pili kinds are Type I pili and
Type IV pili. Type I pili at the surface of gram-
negative bacteria, which have binding specificity to
d-mannosylated receptors, such as the uroplakins
of the bladder [18]. Type IV pili constitute another
class of polymeric adhesive surface structure ex-
pressed by different gram-positive bacteria [19].
Type IV pili can retract through the bacterial cell
wall, while the pilus tip remains attached to its tar-
get surface, allowing the so-called "twitching motili-
ty", a flagella-independent mode of motility impor-
tant for efficient colonization of host surfaces [20].

In the last decade, pili structures have also
been observed in gram-positive bacteria. Two types
of pili have been described so far in these species.
The first class consists in "sortase-assembled pili",
in which successive pilin subunits are linked by
isopeptide bonds after translocation across the bac-
terial membrane. This linkage is catalyzed by bac-
terial transpeptidases called "sortases" allowing
the formation of completely covalent polymers that
are eventually linked to the pentapeptide cros-
sbridge found within the lipid II component of the
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peptidoglycan layer [21—23]. The second class
consists in "type IV-like pili", which are like type
IV pili of Gram-negative bacteria, even though
the lack of outer membranes and the thick pepti-
doglycan structures of Gram-positive bacteria imp-
ly differences in the assembly mechanisms of these
filaments [19].

In addition to pili, a wide range of bacterial
surface factors with adhesive properties have been
described. These adhesins recognize various classes
of host molecules including transmembrane pro-
teins such as integrins or cadherins, or components
of the extracellular matrix such as collagen, fibro-
nectin, laminin or elastin [14, 24, 25]. Some of
these adhesins, after allowing the binding of bacte-
ria to host cell surfaces, are also triggering the in-
ternalization of bacteria inside host cells.

In parallel to these canonical mechanisms of
bacterial adhesion, the EPEC (Entero-Pathogenic
FE. coliy and EHEC (Entero-Hemorragic E. coli)
pathogens, which are responsible respectively for
diarrheal disease in children, and severe foodborne
infections, use a very particular mechanism to
create an intimate contact with host cells: they in-
ject an effector, called Tir, that inserts into the
host cell plasma membrane and serves as an "exo-
genous” receptor for the bacterial surface protein
intimin [26].

Over time, we can discover more adhesion
factors and mechanisms. Adhesion represents a
crucial step for extracellular bacteria that facilitates
their persistence in the host. We will learn more
about intracellular bacteria, which is first essen-
tial step that precedes their internalization within
host cells.

Professional phagocytes, such as macrophages
or M-cells of the intestinal Peyer's patches, re-
present a frontline defense against pathogens. Al-
though these cells are playing a key role in coordi-
nating the innate and adaptative immune response
to limit the colonization of pathogens in the host,
they also constitute entry portals for pathogens.
Many bacteria can also induce their internalization
into non-professional phagocytes. Translocation
through non phagocytic cells of the intestinal epi-
thelium is another key mechanism used by patho-
gens to reach the lamina propria and to cause in-
fections. Two main mechanisms of entry are in-
volved in this case, namely the zipper and the trig-
ger mechanisms [27].

In the case of their internalization mechanism,
engagement of bacterial proteins with host mem-
brane proteins normally involved in cellular adhe-
sion such as cadherins or integrins, leads to the re-
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cruitment of various host factors involved in the
strengthening of cell—cell or cell—-matrix contacts.
These proteases can not only degrade the immune
molecule's action and destroy tissue structure to fa-
cilitate the spread of bacteria but also exert more
invasive effects by activating or inhibiting proteases
in the human body to activate receptors [28]. For
example, the alkaline protease of P. aeruginosa can
hydrolyze complement components Clq and C3,
as well as a variety of cytokines and chemokines,
blocking the effects of immune factors on bacteria.

A significant factor of the virulence and pa-
thogenicity of pathogens of nosocomial infections
is their ability to secrete toxins. Typical exotoxins
are S. aureus hemolysins, endogenous toxic com-
pounds are synthesized by Shigella dysenteriae, and
Clostridium botulinum pathogenic clostridia are ca-
pable of synthesizing neurotoxins that are partially
bound to the cell. Both cellular proteins and
nucleic acids can be targets for bacterial toxins.
Some of them, such as lethal distending toxins
(CDTs), like DNAse I, can cleave DNA during its
replication, inhibiting cell division.

Genetic determinism of toxin synthesis has
been shown in P. aeruginosa, as well as the expres-
sion of genes responsible for their oversynthesis
(genes toxA, lasB and exoS) has also been estab-
lished [29]. It is obvious that the very process of
gene expression may be a target for the action of
new antimicrobials, which has been noted in the
study of metabolism of S. aureus [30].

Resistance development and mechanisms

The selection pressure caused using of tons of
antibiotics over the past 75 years since antibiotics
were introduced has made almost all disease-
causing bacteria resistant to antibiotics commonly
used to treat them. Nearly 1000 resistance-related
B-lactamases that inactivate these antibiotics have
been identified, a ten times increase since before
1990 [31]. The distribution of resistance genes, such
as Enterobacteriaceae-producing extended-spectrum
B-lactamase (ESBL), New Delhi metallo-g-lacta-
mase 1 (NDM-1), and K. pneumoniae carbapene-
mase (KPC), indicates the ease with which resis-
tance can spread. Findings of a study done in New
Delhi showed NDM-1-producing bacteria (includ-
ing Shigella boydii and Vibrio cholera) in two (4%)
of 50 drinking water samples and 51 (30%) of 171
seepage samples suggesting the possibility of ac-
quiring resistance outside health-care facilities [32].

Quinolone antibiotics are synthetic and so do
not arise in nature, yet 30 years after their wide-
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spread introduction resistance is epidemic [33].
More specifically, whole genome studies suggest
that quinolone resistance was a crucial factor in the
evolution of hospital methicillin-resistant S. aureus
(MRSA) [34], which indicates it is a long way to
understand present epidemics of resistant health-
care-associated infections [35].

In health-care settings, the spread of a resis-
tant clone can be rapid and have severe conse-
quences for vulnerable hosts. The proportion of
Enterobacteriaceae that were resistant to carbapenems
increased from 0% in 2001 to 1.4% in 2010, with
most of the increase recorded in Klebsiella sp. [36].
Healthcare associated infections are also increa-
singly recognized in low- and middle-income
countries. Findings of a recent review showed that
pooled prevalence of healthcare-associated infec-
tions in resource-limited settings (15.5 per 100 pa-
tients) was twice the average prevalence in Europe
(7.1 per 100 patients) [37]. Incidence of infections
acquired in intensive care units in developing
countries (pooled density 47.9 per 1000 patient-
days) was three times the rate in the USA (13.6 per
1000 patient-days).

Increasing rates of resistance to colistin and
polymyxin B in Gram-negative organisms are being
reported from countries around the world, includ-
ing South Korea [38], Italy [39], Greece [40], and
Saudi Arabia [41]. Moreover, there is some evi-
dence of cross-resistance to colistin and host anti-
microbial peptides that are part of the body's im-
mune response [42].

Antibiotics are a subset of antimicrobials that
inhibit essential functions in bacteria. Antibiotics
are natural products or derivatives of natural prod-
ucts and are used widely to treat and prevent bac-
terial infections in humans and other animals.
Most antibiotic-resistant infections are thought to
occur in hospitals, where they increase the risks as-
sociated with medical treatments and undermine
the ability of hospitals to provide safe places to
heal [43, 44]. Bacterial antibiotic resistance (AR) is
already making routine surgeries and hospital visits
increasingly risky. The epidemic is particularly
problematic in long-term acute care facilities,
where over 25% of healthcare-associated infections
are caused by antibiotic-resistant bacteria. Resis-
tant bacterial populations spread when antibiotics
exert selective pressures that favor resistance. Anti-
biotics can also eliminate susceptible microbial
populations, reducing competition and expanding
the resources available to resistant bacteria [45,
46]. Additionally, AR is spreading rapidly because
once a resistance gene evolves in one bacterium, it
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can spread to other cells and other bacterial species
[47—49]. To tackle the rising problem of AR, we
must understand how bacteria acquire and transmit
resistant genes in clinical settings.

Mechanisms for the manifestation of virulence
and pathogenicity of pathogens include their genetic
evolutionary natural changes, as well as caused by
artificial factors. However, in any case, such signs of
resilience are passed on as survival benefits [50—53].
It should also be noted that such artificial factors of
increasing resistance include not only medical prac-
tice, but also the widespread use of antibiotics in
various fields — primarily in food and agriculture [54,
55]. Another factor in the rapid transfer of acquired
antibiotic resistance is the coexistence of pathogens
of different species in one association (in the wo-
und, in the hospital in general), which is carried out
by horizontal or lateral gene transfer (HGT) [56, 57].

Plasmids, bacteriophages, and extracellular
DNA are the three primary drivers of HGT
through the processes of conjugation, transduction,
and natural transformation, respectively. The ca-
pacity for natural transformation is more sporadi-
cally distributed, yet it predates diversification of
the bacterial Gram-positive and Gram-negative
clades [58]. Gene transfer by each of the three me-
chanisms is favored between closely related organ-
isms, but can occur between phylogenetically dis-
tant organisms [59]. Reservoirs of antibiotic-resis-
tant organisms in hospitals have been well docu-
mented [60, 61], as have transmission routes be-
tween these reservoirs [62, 63], but the rates of ho-
rizontal transfer in clinical environments and the
impacts of HGT on disease frequency remain un-
known or speculative.

The development of drug resistance, which is
based on mutations in chromosomal genes or the
acquisition of drug resistance plasmids, is another
component of pathogen resistance [64, 65]. Known
families of microorganisms are naturally resistant
to certain antibiotics: in their genome there are
genes that control this characteristic. The highest
level of mutations is observed in the genes mutS,
mutlL, mutH, mutT, mutY, mutM and uvrD,
which are included in the MMR system [66—69].
The consequence of such mutations is an increase
in genetic recombination and an overall increase in
various mechanisms of resistance. For the genus
Acinetobacter, for example, resistance to penicillin
is a taxonomic trait. Polyresistant to antibiotics and
representatives of pseudomonads, non-clostridial
anaerobes and some other microorganisms. Such
bacteria are essentially natural repositories of drug
resistance genes.
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Adaptive resistance can be the result of numer-
ous environmental factors and lead to the inven-
tion of effective defense mechanisms by pathogens
[69—71]. Perhaps the most effective of them — the
formation of biofilms. And the possibility of such
existence of pathogens both on wound surfaces,
and on catheters, endoscopes, etc. makes them
important factors of their pathogenicity and targets
for fight against causative agents of nosocomial in-
fections. Increased resistance of pathogens in the
form of biofilms to antibiotics is due to the follow-
ing reasons [72—74]:

— inactivation of antibiotics by extracellular
polymers or enzymes;

— slowing down the metabolism and, accor-
dingly, reducing the growth rate of microorganisms
in the conditions of limiting nutrients in the bio-
film, due to which the antibacterial drug diffuses
from the biofilm faster than it has time to act on it;

— expression of possible genes for antibiotic
resistance;

— appearance of persister microorganisms in
the biofilm under the action of antibiotics.

The most well-known mechanism of protec-
tion of pathogens from antimicrobial substances is
enzymatic inactivation of antibiotics, which is rea-
lized through their synthesis of hydrolytic and re-
dox enzymes, as well as transferases [75—77]. One
such well-known enzyme is B-lactamase, which
provides resistance of microorganisms to B-lactam
antibiotics due to direct cleavage of the beta-
lactam ring of these drugs. Other enzymes are able
not to break down but to modify the active part of
the antibiotic molecule, as is the case with enzy-
matic inactivation of aminoglycosides and chlor-
amphenicol. Changing the permeability of the cell
wall for an antibiotic or inhibiting its transport into
bacterial cells, for example, underlies resistance to
tetracycline. Structural changes in bacterial ribosomes
are accompanied by increased resistance to amino-
glycosides and macrolides, and changes in the struc-
ture of RNA synthetases — to rifampicin [78—82].

Antimicrobials for the "superbugs"

The traditional way to solve the problem of
nosocomial infections is to search for new antimi-
crobial substances and create complex drugs that
combine several antimicrobial substances with dif-
ferent mechanisms of action. Among the new
classes of antiseptics developed by pharmaceutical
companies, new peptides are attracting special at-
tention; drugs that block fatty acid synthesis or
early stages of protein synthesis in the microbial
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cell, as well as B-lactamase inhibitors that do not
have their own antibacterial activity [83]. Thus, a
new synthetic low molecular weight boron-contai-
ning drug (AN3365) blocks protein synthesis in
gram-negative bacteria by inhibiting the synthesis
of aminoacyl-t-RNA.

Another promising direction in the search for
new antibiotic compounds is the selection of micro-
bial producers from exotic and non-studied eco-
topes. One of them is new antibiotics hexalactin
and hexamycin, related to ansamycins, which in-
clude the currently used rifampicin [84—86]. The
OSMAC (one strain many compounds) approach
led to the discovery of three new S. leeuwenhoekii
compounds of the rare class of 22-membered ma-
crolactone polyketides, hexalactins A-C. Similarly,
S. leeuwenhoekii was found to produce four new
ansamycin-type compounds called hexamycins,
which inhibit the development of S. aureus ATCC
25923 (minimum inhibitory concentration 0.05—
0.13 pg/ml) and inhibit a number of methicillin-
resistant isolates [86].

Isolated from marine sediments in California
strain Streptomyces sp. CNH365 showed significant
activity against the anthrax pathogen B. anthracis
and methicillin-resistant staphylococcus, and the
resulting antibiotic — polyketide antibiotic with a
14-membered macrolide ring, enolized p-diketone
and lactone was named anthramycin [87, 88].
Polyketide 13 was obtained and structurally cha-
racterized polycarbonic compound of endophytic
actinomycete S. sundarbansensis isolated from Al-
gerian algae Fucus sp., shows selective activity
against gram-positive microorganisms resistant to
methicillin [89, 90].

In addition to finding new compounds among
microbial producers, screening sensitivity-based tech-
niques are proposed: when the intracellular level of
the target affected by the desired antibiotic is re-
duced by the action of the corresponding antisense-
RNA, test strains become more sensitive to this an-
tibiotic. Thus, it is possible to detect compounds
that under normal conditions do not inhibit the
growth of test strains. This method has identified a
new class of antibiotics, which includes platensimy-
cin, which is produced by S. platensis [91].

Such approaches to the development of new
antiseptics to combat nosocomial infections are
one way to solve the problem. However, more
promising is the development of antiseptics aimed
at the selected target in pathogen cells, which is
potentially the least associated with the possibility
of developing resistance. Therefore, the choice of
such targets is a fundamental and decisive factor in
the development of new antiseptics.



78

The development of drugs aimed at imhibiting
the quorum sensing (QS) systems of pathogens as
the main target, avoids the rapid development of
resistance, as such substances do not have bacteri-
cidal or bacteriostatic action on pathogenic bacteria.
Such drugs lead to the suppression of pathogenicity
and are called "poisons of pathogenicity” [92, 93].
Inhibition of QS systems can be achieved in several
ways. One of the strategies is to inhibit the synthesis
of precursor molecules of autoinducers or autoindu-
cers themselves (acylhomoserine lactones (AGL),
peptides, amino acids and similar amine com-
pounds). Second, drugs may be targeted by inhibit-
ing the binding of autoinducers to the correspond-
ing receptor proteins. Considerable attention is
paid to such natural QS antagonists as furane de-
rivatives, the role of which has already been proven
in the suppression of QS in P.aeruginosa and
FE. coli [94].

Among other promising compounds that
can solve the problem of fighting nosocomial in-
fections — enmzybiotics, which now include sub-
stances with a specific mechanism of action (bacte-
riocins, cathelicins, lysines, bacteriophages, immu-
nobiotics) [95—98] The authors identify the bene-
fits and broad prospects of such drugs, which sig-
nificantly increase the effectiveness of antimicrobial
action without causing the emergence of resistant
forms of pathogens. Part of the development fo-
cuses on the destruction of the biofilm of pathogens
as an important factor in their stability. It is shown
that the combination of antimicrobial enzyme and
fluoroquinolone antibiotic causes a synergistic effect
against S. aureus, which is based on the breakdown
of the biofilm layer by the enzyme and the subse-
quent bactericidal action of the antibiotic [99]. A
similar mechanism is used in the development of a
new drug "Dispersin” that acts on biofilms by de-
stroying the cementitious substance of the biofilm
matrix — poly-N-acetyl-glucosamine [100].

In the study of the combinative action of an-
tibiotics and lytic enzymes, the effectiveness of
their joint use in the treatment of superficial
wounds of various etiologies and internal infections
has been shown [101]. Therefore, the synergistic
effect of enzymes and antibiotics will significantly
reduce the effective dose of the latter, and conse-
quently — reduce the cost of the drug and the de-
velopment of pathogen resistance [102].
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The experience of using bacteriophages as a
basis for antimicrobial drugs already has a history
but continues to be a promising way to combat re-
sistant microbial pathogens [103]. Preparations of
bacteriophages as antimicrobial agents have advan-
tages because they do not affect the normal human
microflora, do not cause resistance to pathogens,
but their activity depends on the effectiveness of
their replication. The development of this direction
is the use of bacteriophage enzymes as an antimi-
crobial substance [104]. This solution provides high
selectivity of the antimicrobial effect, while the en-
zymes (unlike the bacteriophages themselves) have
no effect on the environment and the transfer of
genetic information to microorganisms. An exam-
ple of modern antibacterial and antifungal drugs is
the development of a preparate of this profile,
which differs from analogues in the content of bac-
teriophages with impaired replication function.
Such drugs do not have these defects of live bacte-
riophage preparations and their enzymes.

Conclusions

Microbial pathogens have developed a variety
of mechanisms to counteract antimicrobial agents
and are constantly developing them, increasing their
resistance and pathogenicity. It is on these mecha-
nisms that the action of the novel antiseptics
should be directed, which at the same time should
not contribute to the emergence of additional
resistance to pathogens. Analysis of numerical
research results shows that antimicrobial agents
that inhibit autoinducers, quorum sensing-systems
of pathogens, biofilms, as well as the synthesis of
enzymes that destroy antibiotics will be promising.
It is important to develop multicomponent drugs
with different mechanisms of action that will
enhance the overall effect by destroying the pro-
tection of pathogens at different points in the
process. It is interesting to use bacteriophages and
antibiotics in such agents, as well as to search for
substances with highly specific action on critical
points of signal transmission of protective reactions
of microorganisms. In concern of this, it is im-
portant to study new aspects of pathogenicity and
resistance of pathogens of nosocomial infections,
their analysis and consideration in the development
of novel antiseptics.
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N. By"?, YUx. By', T.C. Togociituyk’, O.M. KopHea®

X anHaHbCbKMiA MeanyHui yHiBepcuteT, Xankoy, Kutan
KMl im. Iropsi Cikopcbkoro, Kuis, YkpaiHa

HO3O0KOMIATNbHI IHOEKLI: MTATOMEHHICTb, CTINKICTb | HOBITHI AHTUCENTUKA

MNpo6nemartnka. bopoTbba 3 NOWMPEHHAM iHPEKLiINHMX 3axBOPOBaHb MOPOAXKYE Npobrnemy pesncTeHTHOCTI naToreHis, a HanwbinbLL
CTiViKi 3 HUX — 3BYAHWKN HO30KOMIianbHUX iHEKLI — (POPMYIOTLCS B MiKapHAX YHaCniAoK HU3KW npuymnH. [Mpobnema BupilyeTbes B
Pi3HUX NMIOLUMHAX, ane akTyanbHUM NINLIAETLCH MOLYK HOBUX e(PEeKTUBHMX 3acobiB Ans MiKyBaHHS TakMX 3axXBOPHOBAHb YXe CbOroAHi.
HavikopoTwumii LWnax Ao uboro — 3HanTu “60nboBi TOYKM” cammnx 36yAHWUKIB, TOBTO hakTopm X NaTOreHHOCTi Ta Pe3NCTEHTHOCTI, Ha SKi 1
Mae 6yTu cnpsiMoBaHa it HOBITHIX aHTUCENTUKIB.

MeTa. AHani3 Ta ouiHka OCHOBHMX PaKTOpPiB MaTOreHHOCTi Ta CTIVKOCTi 30yAHMKIB HO30KOMIanbHWUX IHAEKLiN AN BUSHAYEHHS Cy4acHUX
niaxXoAiB A0 PO3pO6KM HOBITHIX @aHTUMIKPOGHMX 3acobiB.

MeTopauka peanisauii. [Nowyk i cuctemaTn3anis HOBUX HayKOBUX AaHUX | pe3ynbTaTiB WoAo (hakTopiB NaToreHHOCTi MikpoGHMX 36ya-
HVKIB, LLO MOXYTb OyTW BUKOpPUCTaHI SK LiNni Ans Aii nikyBanbHUX npenaparTis.

Pe3ynbTaTtn. Ynpogox octaHHix 10—20 pokiB yHacnigok nosiBu HOBUX MeTOAIB AochiaXeHb y Gionorii cTano MOXIMBUM 3'SICyBaHHS
ocobnuBocTelt i 4oAaTKOBUX YMOB BUSIBY (aKTOpiB NATOreHHOCTi 30yAHUKIB HO30KOMIanbHUX iHekwil. MNokasaHi foaaTkoBi MexaHiamu
BUSIBY CTIKOCTIi, aAre3nBHOCTI, iHBA3MBHOCTI, TPAHCMICii O3HaK, CeKpeLii TOKCMHIB naTtoreHamu, Lo BU3Ha4vae 3aranbHe NigBULLEHHS iX
PE3NCTEHTHOCTI 4O Aii BUKOPUCTOBYBAHUX HUWHI 3acobiB. 3aranbHa iges CTBOPEHHS aHTUCENTUKIB, SIKi HE CMPUSTUMYTb NiABULLEHHIO
CTIMKOCTI naToreHiB, Hapasi Moxe ByTu peanizoBaHa 3 BUKOPUCTaHHsIM cybCTaHLIil i3 pisHocnpsiMoBaHUMU abo onocepeakoBaHUMU Me-
XaHiamamu fii, o MiHiManbHO BNNMBaTb HA MeTaboniaM camoi KNiTUHU Ta CYTTEBO 3HWXKYIOTb ii CTIMKICTb | MATOrE€HHICTb.

BucHoBku. PakTopy naToreHHoCTi 30yAHMKIB HO30KOMianbHMX iHAEKUIA Ta MexaHi3Mu iX peanisauii MOXyTb po3rnsaaTucsa SK OCHOBHI
MiLLeHi Ans Aji HOBITHIX aHTUCENTUKIB, Wo ByayTe ranbMyBaTV NOLUMPEHHS NATOrEHiB, HE MiABULLYHOUN iX pe3ncTeHTHicTb. Cepen nepc-
NekTUBHMX CyOcTaHUi Ansa Takux 3acobis — 6akrepiodaru Ta ix moaumdikauii, eH3nbioTnku, iMyHoBIOTMKN, iHrBITOPK ayToiHAYKTOPIB,
iHriGiTopn quorum sensing-cuctemu, iHribiTopu B-nakTamas Ta iHwWi. YactuHa 3 uux pevyoBuH y kombiHauii 3 aHTUGIoTMKamMy HOBOro No-
KOMiHHSA 3HaYHO NiACUITIOE iX ePEKTUBHICTb, | Pa30M BOHW 3[aTHi AoraTtu onip HaBiTb NOMiPE3NCTEHTHMX MNaTOreHiB.

KnroyoBi cnoBa: MikpobHi 36yaHUKN; (hakTOpU CTIKOCTi; NaToreHHi akTopu; MexaHiaMu NaToreHHOCTi; aHTUBIOTUKOPE3UCTEHTHICTD;
HOBITHI @HTUMIKPOBHI pe4yoBUHM.
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HO30KOMUAIbHBIE MUHGEKLUUKU: MATOMEHHOCTb, CTOMKOCTb U HOBEMLLUME AHTUCENTUKU

MNpo6nemaTtuka. bopbba ¢ pacnpocTpaHeHnem MHQEKUMOHHbIX 3aboneBaHuii nopoxaaeT Npobnemy pesncTEeHTHOCTU MaToreHoB, a
Hanbonee cTolikme U3 HUX — BO3OyAUTENN HO30KOMUANbHBIX MHAEKUMIA — hopMUpYIOTCSt B 6onbHULAX B pe3dynbTaTe psaa NpuyvH.
PelueHne npobnembl HaxoanTCA B PasHbIX MMOCKOCTAX, HO akTyarnbHbIM OCTAeTCA MOUCK HOBbIX 3P EKTUBHBIX CPEACTB AN NeYeHns
Takux 3aboneBaHui yxe cerogHs. Hanbonee KOpoTKWIA NyTb k 3TOMY — HaTK “GoneBble TOYKKU” caMmnx Bo3byamTenem, To ecTb hakTopbl
MX NaTOreHHOCTMN U PE3NCTEHTHOCTU, Ha KOTOPbIE U AOIMKHO BbiTh HaNpaBneHo AeNCTBME HOBEMLLMX aHTUCENTUKOB.

Llenb. AHanm3 1 oueHka OCHOBHbIX (DAKTOPOB MATOreHHOCTW U CTOWKOCTWU BO3ByauTener HO30KOMMarbHbIX MHAEKLUA Ons onpeae-
NeHns CoBPEeMEeHHbIX NoAXoA0B K pa3paboTke HOBEMLIMX aHTUMUKPOOHBIX CPeaCTB.

MeToauka peanusauum. Nouck 1 cuctemaTv3aumst HOBbIX Hay4HbIX AaHHbIX U pe3ynbTaToB OTHOCMTENbHO PakTOPOB MaTOreHHOCTH
MUKPOGHBIX BO3byauTenem, KoTopble MOryT ObITb MCMOMb30BaHbI KaK Lienn AN AeViCTBUS NIeKapCTBEHHbIX NpenapaTos.

Pe3ynbTaTtbl. B TeyeHne nocnegHunx 10—20 net B pesynbTaTe NOSIBNEHNSA HOBbIX METOAOB UCCMEAOBaHWI B G1ONOrMM CTano BO3MOX-
HbIM BbISICHEHME OCOBEHHOCTEN M OOMOMHUTENbHbBIX YCNOBUIA NPOSIBNEHUs1 (DakTOPOB MaTOreHHOCTU BO3byauTenen HO30KOMMAarbHbIX
MHdeKUMA. MokasaHbl OONOMHUTENbHbIE MEXaHW3Mbl MPOSBIIEHUS YCTOMYMBOCTW, aAre3vBHOCTU, WHBA3MBHOCTW, TPAHCMUCCUWU Npu-
3HaKOB, CeKpeLmny TOKCMHOB naToreHamu, onpeaensiowme obluee NoBbILLEHNE UX PE3UCTEHTHOCTU K AENCTBUIO UCMOSMb3YeMblX HblHE
cpeactB. Ob6wWasn nges co3gaHus aHTUCENTUKOB, KOTOopble He ByayT cnocobCcTBOBaTh MOBLILIEHUIO YCTOMYMBOCTU MATOrEHOB, cenvac
MOXeT ObITb peann3oBaHa C UCMONb30BaHWEM CybCTaHLMIA C pa3HOHaNPaBeHHbIMW MW ONOCPEAOBaHHBIMU MeXaHM3Mamn AeNCTBuS,
MWHVMMAnbHO BAMSIOLWMMU Ha MeTabonmnam camoi KNeTKU 1 CYLLEECTBEHHO CHKAIOLLMMK ee CTOMKOCTb M NaTOreHHOCTb.
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BbiBoabl. ®aKkTopbl NATOreHHOCTN BO30yAWTENe HO30KOMUAIbHbIX MHPEKLMI U MEXaHU3MbI UX peanuaaumn MoryT paccmaTpuBaTbCst
KaK OCHOBHbIE MWLLEHW AMnS AefCTBUA HOBEMLLMX aHTUCENTUKOB, KOTopble BydyT npuocTaHaBnMBaTb pacnpocTpaHeHMe NaToreHoB, He
NoBbILIAsA UX Pe3NCTEeHTHOCTb. Cpean nepcneKkTuBHbIX CybcTaHumMi AN Takux cpeacTs — baktepuodarm n nx moamdukaumm, aH3nbuno-
TUKW, UMMYHOBVOTUKN, MHIMBUTOPBI @yTOMHAYKTOPOB, MHIMBUTOPBI qUOrum sensing-cucTembl, MHIMGUTOPLI B-naktamas u gpyrue. Yactb
13 3TUX BELLECTB B KOMBUHALMKN C aHTMOMOTMKaMM HOBOTO NMOKONEHUS 3HAUNTENBHO yCUnmBaeT nx 3MEKTUBHOCTb, N BMECTE OHU CMo-
cobHbl NpeogoneBaTb CONPOTUBNEHUE Aaxe NONMPE3NCTEHTHbIX NaTOreHoB.

KnroueBble cnoBa: MUKpobHble Bo3OyanTenu; dakTopbl CTOMKOCTU; MEXaHU3Mbl MAaTOreHHOCTU; aHTUBNOTUKOPE3VNCTEHTHOCTL; HOBEMLVE
aHTVMKKPOOHbIE BellecTBa.
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