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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, -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. 

Keywords: microbial pathogens; resistance factors; pathogenic factors; mechanisms of pathogenicity; antibiotic 
resistance; novel antimicrobial substances.  

 

Introduction 

The era of antibiotics, which began with the 

discovery of penicillin in the ХХ 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, S taphylo-

coccus aureus, K lebsiella pneumoniae, Acinetobacter 
baumannii, Pseudomonas aeruginosa and Entero-
bacter spp. [1, 5, 7–9].  
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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 

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 

E. coli) 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-

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 C1q 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 

β-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 

β-lactamase (ESBL), New Delhi metallo-β-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 

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, 

mutL, 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 -lactamase, which 

provides resistance of microorganisms to -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 

cell, as well as -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 μg/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 β-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. 
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The development of drugs aimed at inhibiting 
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 

E. coli [94].  
Among other promising compounds that 

can solve the problem of fighting nosocomial in-
fections – enzybiotics, 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]. 

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. 
  



Innov Biosyst Bioeng, 2021, vol. 5, no. 2                                                                                                                                                   79 

                                                                                                                                        79  

References  

[1] Mulani MS, Kamble EE, Kumkar SN, Tawre MS, Pardesi KR. Emerging strategies to combat ESKAPE pathogens in the era 

of antimicrobial resistance: A review. Front Microbiol. 2019;10:539. DOI: 10.3389/fmicb.2019.00539 

[2] Rodríguez-Rojas A, Rodríguez-Beltrán J, Couce A, Blázquez J. Antibiotics and antibiotic resistance: A bitter fight against 

evolution. Int J Med Microbiol. 2013;303:293-7. DOI: 10.1016/j.ijmm.2013.02.004 

[3] Urgent action needed to prevent a return to pre-antibiotic era: WHO. Geneva: WHO; 2015 Sep 9. Available from: 

http://www.searo.who.int/mediacentre/releases/2015/1612/en/ 

[4] Hassan AK, Fatima KB, Mehboob R. Nosocomial infections: Epidemiology, prevention, control and surveillance. Asian Pac 

J Trop Biomed. 2017;7(5):478-82. DOI: 10.1016/j.apjtb.2017.01.019 

[5] Tacconelli E, Carrara E, Savoldi A, Harbarth S, Mendelson M, Monnet DL, et al. Discovery, research, and development of 

new antibiotics: the WHO priority list of antibiotic-resistant bacteria and tuberculosis. Lancet Infect Dis. 2018;18(3):318-27. 

DOI: 10.1016/S1473-3099(17)30753-3 

[6] Hassan AK, Aftab A, Mehboob R. Nosocomial infections and their control strategies. Asian Pac J Trop Biomed. 

2015;5(7):509-14. DOI: 10.1016/j.apjtb.2015.05.001 

[7] Navidinia M. The clinical importance of emerging ESKAPE pathogens in nosocomial infections. Arch Adv Biosci. 

2016;7(3):43-57. DOI: 10.22037/jps.v7i3.12584 

[8] de Oliveira DMP, Forde BM, Kidd TJ, Harris PNA, Schembri MA, Beatson SA, et al. Antimicrobial resistance in ESKAPE 

pathogens. Clin Microbiol Rev. 2020;33(3):e00181-19. DOI: 10.1128/CMR.00181-19 

[9] Pendleton JN, Gorman SP, Gilmore BF. Clinical relevance of the ESKAPE pathogens. Expert Rev Anti Infect Ther. 

2013;11(3):297-308. DOI: 10.1586/eri.13.12 

[10] Santajit S, Indrawattana N. Mechanisms of antimicrobial resistance in ESKAPE pathogens. Biomed Res Int. 2016;2016:2475067. 

DOI: 10.1155/2016/2475067 

[11] Poole K, Russell A, Lambert P. Mechanisms of antimicrobial resistance: opportunities for new targeted therapies. Adv Drug 

Deliv Rev. 2005;57(10):1443-5. DOI: 10.1016/j.addr.2005.05.001 

[12] Bassetti M, Righi E. Development of novel antibacterial drugs to combat multiple resistant organisms. Langenbeck's Arch 

Surg. 2015;400(2):153-65. DOI: 10.1007/s00423-015-1280-4 

[13] Worthington RJ, Melander C. Combination approaches to combat multidrug-resistant bacteria. Trends Biotechnol. 

2013;31(3):177-84. DOI: 10.1016/j.tibtech.2012.12.006 

[14] Pizarro-Cerda J, Cossart P. Bacterial adhesion and entry into host cells. Cell. 2006;124(4):715-27. DOI: 10.1016/j.cell.2006.02.012 

[15] Ringot-Destrez B, Kalach N, Mihalache A, Gosset P, Michalski JC, Léonard R, et al. How do they stick together? Bacterial 

adhesinsimplicated in the binding of bacteria to the human gastrointestinal mucins. Biochem Soc Trans. 2017;45(2):389-99. 

DOI: 10.1042/BST20160167 

[16] Stones DH, Krachler AM. Dual function of a bacterial protein as an adhesin and extracellular effector of host GTPase 

signaling. Small GTPases. 2015;6(3):153-56. DOI: 10.1080/21541248.2015.1028609 

[17] Stones DH, Krachler AM. Against the tide: the role of bacterial adhesion in host colonization. Biochem Soc Trans. 

2016;44(6):1571-80. DOI: 10.1042/BST20160186 

[18] Lillington J, Geibel S, Waksman G. Biogenesis and adhesion of type I and type IV pili. Biochim Biophys Acta. 

2014;1840(9):2783-93. DOI: 10.1016/j.bbagen.2014.04.021 

[19] Melville S, Craig L. Type IV pili in Gram-positive bacteria. Microbiol Mol Biol Rev. 2013;77(3):323-41. 

DOI: 10.1128/MMBR.00063-12 

[20] Mattick JS. Type IV pili and twitching motility. Annu Rev Microbiol. 2002;56:289-314. 

DOI: 10.1146/annurev.micro.56.012302.160938 

[21] JooKang H, Baker EN. Structure and assembly of Gram-positive bacterial pili: unique covalent polymers. Curr Opin Struct 

Biol. 2012;22(2):200-07. DOI: 10.1016/j.sbi.2012.01.009 

[22] Clancy KW, Melvin JA, McCafferty DG. Sortase transpeptidases: insights into mechanism, substrate specificity, and 

inhibition. Biopolymers. 2010;94(4):385-96. DOI: 10.1002/bip.21472 

[23] Hendrickx AP, Budzik JM, Oh SY, Schneewind O. Architects at the bacterial surface-sortases and the assembly of pili with 

isopeptide bonds. Nat Rev Microbiol. 2011;9(3):166-76. DOI: 10.1038/nrmicro2520 

[24] Cossart P, Roy CR. Manipulation of host membrane machinery by bacterial pathogens. Curr Opin Cell Biol. 2010;22(4):547-54. 

DOI: 10.1016/j.ceb.2010.05.006 

[25] Chagnot C, Listrat A, Astruc T, Desvaux M. Bacterial adhesion to animal tissues: protein determinants for recognition of 

extracellular matrix components. Cell Microbiol. 2012;14(11):1687-96. DOI: 10.1111/cmi.12002 

https://doi.org/10.1016/j.apjtb.2015.05.001


80                                                                                                              Innov Biosyst Bioeng, 2021, vol. 5, no. 2 

  

[26] Lai Y, Rosenshine I, Leong JM, Frankel G. Intimate host attachment: enteropathogenic and enterohaemorrhagic Escherichia 

coli. Cell Microbiol. 2013;15(11):1796-808. DOI: 10.1111/cmi.12179 

[27] Ribet D, Cossart P. How bacterial pathogens colonize their hosts and invade deeper tissues. Microbes Infect. 2015;17(3):173-83. 

DOI: 10.1016/j.micinf.2015.01.004 

[28] Klockgether J, Tümmler B. Recent advances in understanding Pseudomonas aeruginosa as a pathogen. F1000Res. 2017;6:1261. 

DOI: 10.12688/f1000research.10506.1 

[29] Faraji F, Mahzounieh M, Ebrahimi A, Fallah F, Teymournejad O, Lajevardi B. Molecular detection of virulence genes in 

Pseudomonas aeruginosa isolated from children with Cystic Fibrosis and burn wounds in Iran. Microb Pathog. 2016;99:1-4. 

DOI: 10.1016/j.micpath.2016.07.013 

[30] Kong C, Neoh H, Nathan S. Targeting Staphylococcus aureus toxins: a potential form of anti-virulence therapy. Toxins. 

2016;8(3):72. DOI: 10.3390/toxins8030072 

[31] Davies J, Davies D. Origins and evolution of antibiotic resistance. Microbiol Mol Biol Rev. 2010;74(3):417-33. 

DOI: 10.1128/MMBR.00016-10 

[32] Walsh TR, Weeks J, Livermore DM, Toleman MA. Dissemination of NDM-1 positive bacteria in the New Delhi 

environment and its implications for human health: an environmental point prevalence study. Lancet Infect Dis. 

2011;11(5):355-62. DOI: 10.1016/S1473-3099(11)70059-7 

[33] Ruiz J, Pons MJ, Gomes C. Transferable mechanisms of quinolone resistance. Int J Antimicrob Agents. 2012;40(3):196-203. 

DOI: 10.1016/j.ijantimicag.2012.02.011 

[34] Holden MT, Hsu LY, Kurt K, Weinert LA, Mather AE, Harris SR, et al. A genomic portrait of the emergence, evolu-

tion, and global spread of a methicillin-resistant Staphylococcus aureus pandemic. Genome Res. 2013;23(4):653-64. 

DOI: 10.1101/gr.147710.112  

[35] Ammerlaan HS, Harbarth S, Buiting AG, Crook DW, Fitzpatrick F, Hanberger H, et al. Secular trends in nosocomial 

bloodstream infections: antibiotic-resistant bacteria increase the total burden of infection. Clin Infect Dis. 2013;56(6):798-805. 

DOI: 10.1093/cid/cis1006  

[36] Centers for Disease Control and Prevention (CDC). Vital signs: carbapenem-resistant Enterobacteriaceae. MMWR Morb 

Mortal Wkly Rep. 2013;62(9):165-70. 

[37] Allegranzi B, Bagheri Nejad S, Combescure C, Graafmans W, Attar H, Donaldson L, et al. Burden of endemic health-

careassociated infection in developing countries: systematic review and meta-analysis. Lancet. 2011;377(9761):228-41. 

DOI: 10.1016/S0140-6736(10)61458-4 

[38] Ko KS, Suh JY, Kwon KT, Jung SI, Park KH, Kang CI, et al. High rates of resistance to colistin and polymyxin B in subgroups 

of Acinetobacter baumannii isolates from Korea. J Antimicrob Chemother. 2007;60(5):1163-7. DOI: 10.1093/jac/dkm305 

[39] Capone A, Giannella M, Fortini D, Giordano A, Meledandri M, Ballardini M, et al. High rate of colistin resistance among 

patients with carbapenem-resistant Klebsiella pneumoniae infection accounts for an excess of mortality. Clin Microbiol Infect. 

2013;19(1):23-30. DOI: 10.1111/1469-0691.12070 

[40] Kontopidou F, Plachouras D, Papadomichelakis E, Koukos G, Galani I, Poulakou G, et al. Colonization and infection 

by colistin-resistant Gram-negative bacteria in a cohort of critically ill patients. Clin Microbiol Infect. 2011;17(11):E9-11. 

DOI: 10.1111/j.1469-0691.2011.03649.x 

[41] Baadani AM, Thawadi SI, El-Khizzi NA, Omrani AS. Prevalence of colistin and tigecycline resistance in Acinetobacter 

baumannii clinical isolates from 2 hospitals in Riyadh Region over a 2-year period. Saudi Med J. 2013;34(4):248-53.  

[42] Napier BA, Burd EM, Satola SW, Cagle SM, Ray SM, McGann P, et al. Clinical use of colistin induces cross-resistance to 

host antimicrobials in Acinetobacter baumannii. mBio. 2013;4(3):e00021-13. DOI: 10.1128/mBio.00021-13  

[43] Hsu J. How covid-19 is accelerating the threat of antimicrobial resistance. BMJ. 2020;369:m1983. DOI: 10.1136/bmj.m1983 

[44] Kizny Gordon AE, Mathers AJ, Cheong EYL, Gottlieb T, Kotay S, Walker AS, et al. The hospital water environment as a 

reservoir for carbapenem-resistant organisms causing hospital-acquired infections – a systemic review of the literature. Clin 

Infect Dis. 2017;64(10):1435-44. DOI: 10.1093/cid/cix132 

[45] Sommer MO, Dantas G. Antibiotics and the resistant microbiome. Curr Opin Microbiol. 2011;14(5):556-63. 

DOI: 10.1016/j.mib.2011.07.005 

[46] Conlan S, Thomas PJ, Deming C, Park M, Lau AF, Dekker JP, et al. Single-molecule sequencing to track plasmid diversity 

of hospital-associated carbapenemase-producing Enterobacteriaceae. Sci Transl Med. 2014;6(254):254ra126. 

DOI: 10.1126/scitranslmed.3009845 

[47] Huddleston JR. Horizontal gene transfer in the human gastrointestinal tract: potential spread of antibiotic resistance genes. 

Infec Drug Resist. 2014;7:167-76. DOI: 10.2147/IDR.S48820 

[48] Juhas M. Horizontal gene transfer in human pathogens. Crit Rev Microbiol. 2015;41(1):101-8. DOI: 10.3109/1040841X.2013.804031 



Innov Biosyst Bioeng, 2021, vol. 5, no. 2                                                                                                                                                   81 

                                                                                                                                        81  

[49] Klümper U, Riber L, Dechesne A, Sannazzarro A, Hansen LH, Sørensen SJ, et al. Broad host range plasmids can invade an 

unexpectedly diverse fraction of a soil bacterial community. ISME J. 2015;9(4):934-45. DOI: 10.1038/ismej.2014.191 

[50] Lee HH, Molla MN, Cantor CR, Collins JJ. Bacterial charity work leads to population-wide resistance. Nature. 

2010;467(7311):82-5. DOI: 10.1038/nature09354 

[51] Toprak E, Veres A, Michel JB, Chait R, Hartl DL, Kishony R. Evolutionary paths to antibiotic resistance under dynamically 

sustained drug selection. Nat Genet. 2012;44(1):101-5. DOI: 10.1038/ng.1034 

[52] Yurtsev EA, Chao HX, Datta MS, Artemova T, Gore J. Bacterial cheating drives the population dynamics of cooperative 

antibiotic resistance plasmids. Mol Syst Biol. 2013;9:683. DOI: 10.1038/msb.2013.39 

[53] Melnyk AH, Wong A, Kassen R. The fitness costs of antibiotic resistance mutations. Evol Appl. 2015;8(3):273-83. 

DOI: 10.1111/eva.12196 

[54] Fernández L, Hancock REW. Adaptive and mutational resistance: role of porins and efflux pumps in drug resistance. Clin 

Microbiol Rev. 2012;25(4):661-81. DOI: 10.1128/CMR.00043-12 

[55] Sánchez-Romero MA, Casadesús J. Contribution of phenotypic heterogeneity to adaptive antibiotic resistance. Proc Natl 

Acad Sci. 2014;111(1):355-60. DOI: 10.1073/pnas.1316084111 

[56] Sanchez-Vicente S, Tagliafierro T, Coleman JL, Benach JL, Tokarz R. Polymicrobial nature of tick-borne diseases. mBio. 

2019;10(5):e02055-19. DOI: 10.1128/mBio.02055-19 

[57] von Wintersdorff CJ, Penders J, van Niekerk JM, Mills ND, Majumder S, van Alphen LB, et al. Dissemination of antimicrobial 

resistance in microbial ecosystems through horizontal gene transfer. Front Microbiol. 2016;7:173. DOI: 10.3389/fmicb.2016.00173  

[58] Johnston C, Martin B, Fichant G, Polard P, Claverys JP. Bacterial transformation: distribution, shared mechanisms and 

divergent control. Nat Rev Microbiol. 2014;12(3):181-96. DOI: 10.1038/nrmicro3199 

[59] Wiedenbeck J, Cohan FM. Origins of bacterial diversity through horizontal genetic transfer and adaptation to new ecological 

niches. FEMS Microbiol Rev. 2011;35(5):957-76. DOI: 10.1111/j.1574-6976.2011.00292.x 

[60] Sutradhar I, Ching C, Desai D, Suprenant M, Briars E, Heins Z, et al. Computational model to quantify the growth of 

antibiotic resistant bacteria in wastewater. bioRxiv [Preprint] 2020. DOI: 10.1101/2020.10.09.333575 

[61] Weingarten RA, Johnson RC, Conlan S, Ramsburg AM, Dekker JP, Lau AF, et al. Genomic analysis of hospital plumbing reveals 

diverse reservoir of bacterial plasmids conferring carbapenem resistance. mBio. 2018;9(1):e02011-17. DOI: 10.1128/mBio.02011-17 

[62] Paterson DL, Bonomo RA. Extended-spectrum β-lactamases: a clinical update. Clin Microbiol Rev. 2005;18(4):657-86. 

DOI: 10.1128/CMR.18.4.657-686.2005 

[63] Breathnach AS, Cubbon MD, Karunaharan RN, Pope CF, Planche TD. Multidrug-resistant Pseudomonas aeruginosa 

outbreaks in two hospitals: association with contaminated hospital waste-water systems. J Hosp Infect. 2012;82(1):19-24. 

DOI: 10.1016/j.jhin.2012.06.007  

[64] Pray L. Antibiotic resistance, mutation rates and MRSA. Nature Educ. 2008;1(1):30. 

[65] Blázquez J, Couce A, Rodríguez-Beltrán J, Rodríguez-Rojas A. Antimicrobials as promoters of genetic variation. Curr Opin 

Microbiol. 2012;15(5):561-9. DOI: 10.1016/j.mib.2012.07.007 

[66] Rushdy AA, Mabrouk MI, Abu-Sef FA, Kheiralla ZH, Mohamed Abdel-All S, Saleh NM. Contribution of different 

mechanisms to the resistance to fluoroquinolones in clinical isolates of Salmonella enterica. Braz J Infect Dis. 2013;17(4):431-7. 

DOI: 10.1016/j.bjid.2012.11.012  

[67] Foster PL. Stress-induced mutagenesis in bacteria. Crit Rev Biochem Mol Biol. 2007;42(5):373-97. 

DOI: 10.1080/10409230701648494 

[68] Kohanski MA, DePristo MA, Collins JJ. Sublethal antibiotic treatment leads to multidrug resistance via radical-induced 

mutagenesis. Mol Cell. 2010;37(3):311-20. DOI: 10.1016/j.molcel.2010.01.003 

[69] Boles BR, Singh PK. Endogenous oxidative stress produces diversity and adaptability in biofilm communities. Proc Natl Acad 

Sci. 2008;105(34):12503-8. DOI: 10.1073/pnas.0801499105 

[70] Høiby N, Bjarnsholt T, Givskov M, Molin S, Ciofu O. Antibiotic resistance of bacterial biofilms. Int J Antimicrob Agents. 

2010;35(4):322-32. DOI: 10.1016/j.ijantimicag.2009.12.011 

[71] Bjarnsholt T, Givskov M. The role of quorum sensing in the pathogenicity of the cunning aggressor Pseudomonas aeruginosa. 

Anal Bioanal Chem. 2007;387(2):409-14. DOI: 10.1007/s00216-006-0774-x 

[72] Hirakawa H, Tomita H. Interference of bacterial cell-to-cell communication: a new concept of antimicrobial chemotherapy 

breaks antibiotic resistance. Front Microbiol. 2013;4:114. DOI: 10.3389/fmicb.2013.00114 

[73] Tay SB, Yew WS. Development of quorum-based anti-virulence therapeutics targeting Gram-negative bacterial pathogens. Int 

J Mol Sci. 2013;14(8):16570-99. DOI: 10.3390/ijms140816570 

[74] Wu P, Grainger DW. Drug/device combinations for local drug therapies and infection prophylaxis. Biomaterials. 

2006;27(11):2450-67. DOI: 10.1016/j.biomaterials.2005.11.031 



82                                                                                                              Innov Biosyst Bioeng, 2021, vol. 5, no. 2 

  

[75] Wright GD. Bacterial resistance to antibiotics: enzymatic degradation and modification. Adv Drug Deliv Rev. 

2005;57(10):1451-70. DOI: 10.1016/j.addr.2005.04.002 

[76] Ramirez MS, Tolmasky ME. Aminoglycoside modifying enzymes. Drug Resist Updat. 2010;13(6):151-71. 

DOI: 10.1016/j.drup.2010.08.003 

[77] Wilson DN. Ribosome-targeting antibiotics and mechanisms of bacterial resistance. Nat Rev Microbiol. 2013;12(1):35-48. 

DOI: 10.1038/nrmicro3155 

[78] Hassan KA, Skurray RA, Brown MH. Active export proteins mediating drug resistance in staphylococci. J Mol Microbiol 

Biotechnol. 2007;12(3-4):180-96. DOI: 10.1159/000099640 

[79] Soto SM. Role of efflux pumps in the antibiotic resistance of bacteria embedded in a biofilm. Virulence. 2013;4(3):223-9. 

DOI: 10.4161/viru.23724 

[80] Collu F, Cascella M. Multidrug resistance and efflux pumps: insights from molecular dynamics simulations. Curr Top Med 

Chem. 2013;13(24):3165-83. DOI: 10.2174/15680266113136660224 

[81] Higgins CF. Multiple molecular mechanisms for multidrug resistance transporters. Nature. 2007;446(7137):749-57. 

DOI: 10.1038/nature05630 

[82] Alekshun MN, Levy SB. Molecular mechanisms of antibacterial multidrug resistance. Cell. 2007;128(6):1037-50. 

DOI: 10.1016/j.cell.2007.03.004 

[83] Fox JL. At 50th CAAC, More candidates coming from novel antimicrobial classes. Microbe Magazine. 2010;5(11):466-8. 

DOI: 10.1128/microbe.5.466.1 

[84] Busarakam K, Bull AT, Girard G, Labeda DP, van Wezel GP, Goodfellow M. Streptomyces leeuwenhoekii sp. nov., the 

producer of chaxalactins and chaxamycins, forms a distinct branch in Streptomyces gene trees. Antonie van Leeuwenhoek. 

2014;105(5):849-61. DOI: 10.1007/s10482-014-0139-y 

[85] Castro JF, Razmilic V, Gomez-Escribano JP, Andrews B, Asenjo JA, Bibb MJ. Identification and heterologous expression of 

the chaxamycin biosynthesis gene cluster from Streptomyces leeuwenhoekii. App Environ Microbiol. 2015;81(17):5820-31. 

DOI: 10.1128/AEM.01039-15 

[86] Rateb ME, Houssen WE, Arnold M, Abdelrahman MH, Deng H, Harrison WT, et al. Chaxamycins A-D, bioactive 

ansamycins from a hyper-arid desert Streptomyces sp. J Nat Prod. 2011;74(6):1491-9. DOI: 10.1021/np200320u 

[87] Jang KH, Nam SJ, Locke JB, Kauffman CA, Beatty DS, Paul LA, et al. Anthracimycin, a potent anthrax antibiotic from a 

marine-derived actinomycete. Angew Chem Int Ed Engl. 2013;52(30):7822-4. DOI: 10.1002/anie.201302749 

[88] Hensler ME, Jang KH, Thienphrapa W, Vuong L, Tran DN, Soubih E, et al. Anthracimycin activity against contemporary 

methicillin-resistant Staphylococcus aureus. J Antibiot (Tokyo). 2014 Aug;67(8):549-53. DOI: 10.1038/ja.2014.36 

[89] Graziani EI, Ritacco FV. Phaeochromycins A-E, anti-inflammatory polyketides isolated from the soil Actinomycete 

Streptomyces phaeochromogenes LL-P018. J Nat Prod. 2005;68(8):1262-5. DOI: 10.1021/np0500629 

[90] Djinni I, Defant A, Kecha M, Mancini I. Antibacterial polyketides from the marine alga-derived endophitic Streptomyces 

sundarbansensis: a study on hydroxypyrone tautomerism. Mar Drugs. 2013;11(1):124-35. DOI: 10.3390/md11010124 

[91] Singh SB, Phillips JW, Wang J. Highly sensitive target-based whole-cell antibacterial discovery strategy by antisense RNA 

silencing. Curr Opin Drug Discov Devel. 2007;10(2):160-6. 

[92] Hentzer M, Givskov M. Pharmacological inhibition of quorum sensing for the treatment of chronic bacterial infections. 

J Clin Invest. 2003;112(9):1300-7. DOI: 10.1172/JCI20074 

[93] Zhao X, Yu Z, Ding T. Quorum-sensing regulation of antimicrobial resistance in bacteria. Microorganisms. 2020;8(3):425. 

DOI: 10.3390/microorganisms8030425 

[94] Munir S, Shah AA, Shahid M, Manzoor I, Aslam B, Rasool MH, et al. Quorum sensing interfering strategies and their 

implications in the management of biofilm-associated bacterial infections. Braz Arch Biol Technol. 2020;63:e20190555. 

DOI: 10.1590/1678-4324-2020190555 

[95] Chakraborty AK. Enzybiotics, a new class of enzyme antimicrobials targeted against multidrug-resistant superbugs. Nov Appro 

Drug Des Dev. 2017;2(4):555592. DOI: 10.19080/NAPDD.2017.02.555592 

[96] Tiwari R, Dhama K, Chakraborty S, Kapoor S. Enzybiotics: new weapon in the army of antimicrobials: A review. Asian J 

Anim Veterin Adv. 2014;9(3):144-63. DOI: 10.3923/ajava.2014.144.163 

[97] Lazarenko LM, Babenko LP, Bubnov RV, Demchenko OM, Zotsenko VM, Boyko NV, et al. Imunobiotics are the novel bio-

tech drugs with antibacterial and immunomodulatory properties. Microbiol J. 2017;79(1):66-75. DOI: 10.15407/microbiolj79.01.066 

[98] São-José C. Engineering of phage-derived lytic enzymes: Improving their potential as antimicrobials antibiotics. Antibiotics 

(Basel). 2018;7(2):29. DOI: 10.3390/antibiotics7020029 

[99] Xu G, Zhao Y, Du L. Hfq regulates antibacterial antibiotic biosynthesis and extracellular lytic-enzyme production in 

Lysobacter enzymogenes OH11. Microb Biotechnol. 2015;8(3):499-509. DOI: 10.1111/1751-7915.12246 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20Y%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Du%20L%5Bauth%5D


Innov Biosyst Bioeng, 2021, vol. 5, no. 2                                                                                                                                                   83 

                                                                                                                                        83  

[100] Rios Colombo NS, Chalon MC, Navarro SA, Bellomio A. Pediocin-like bacteriocins: new perspectives on mechanism of 

action and immunity. Curr Genet. 2018;64(2):345-51. DOI: 10.1007/s00294-017-0757-9 

[101] Manoharadas S, Wittle A, Blasi U. Antimicrobial activity of a chimeric enzybiotic towards Staphylococcus aureus. 

J Biotechnol. 2009;139(1):118-23. DOI: 10.1016/j.jbiotec.2008.09.003 

[102] Gupta PV, Nagarsenker MS. Antimicrobial and antibiofilm activity of enzybiotic against Staphylococcus aureus. In: Méndez-

Vilas A, editor. The battle against microbial pathogens: Basic science, technological advances and educational programs. 

Formatex Research Center; 2015. p. 364-72. 

[103] Zhang J, Li Z, Cao Z, Wang L, Li X, Li S, et al. Bacteriophages as antimicrobial agents against major pathogens in swine: a 

review. J Anim Sci Biotechnol. 2015;6(1):39. DOI: 10.1186/s40104-015-0039-7  

[104] Patil A, Banerji R, Kanojiya P, Koratkar S, Saroj S. Bacteriophages for ESKAPE: role in pathogenicity and measures of 

control. Expert Rev Anti Infect Ther. 2021;8:1-21. DOI: 10.1080/14787210.2021.1858800 

Л. Ву
1,2

, Чж. Ву
1
, T.С. Toдосійчук

2
, О.М. Koрнєва

2
 

1
Хaйнаньський медичний університет, Хайкоу, Китай 

2
КПІ ім. Ігоря Сікорського, Kиїв, Україна 

НОЗОКОМІАЛЬНІ ІНФЕКЦІЇ: ПАТОГЕННІСТЬ, СТІЙКІСТЬ І НОВІТНІ АНТИСЕПТИКИ 

Проблематика. Боротьба з поширенням інфекційних захворювань породжує проблему резистентності патогенів, а найбільш 
стійкі з них – збудники нозокоміальних інфекцій – формуються в лікарнях унаслідок низки причин. Проблема вирішується в 
різних площинах, але актуальним лишається пошук нових ефективних засобів для лікування таких захворювань уже сьогодні. 
Найкоротший шлях до цього – знайти “больові точки” самих збудників, тобто фактори їх патогенності та резистентності, на які й 
має бути спрямована дія новітніх антисептиків.  
Мета. Аналіз та оцінка основних факторів патогенності та стійкості збудників нозокоміальних інфекцій для визначення сучасних 
підходів до розробки новітніх антимікробних засобів. 
Методика реалізації. Пошук і систематизація нових наукових даних і результатів щодо факторів патогенності мікробних збуд-
ників, що можуть бути використані як цілі для дії лікувальних препаратів.  
Результати. Упродовж останніх 10–20 років унаслідок появи нових методів досліджень у біології стало можливим з’ясування 
особливостей і додаткових умов вияву факторів патогенності збудників нозокоміальних інфекцій. Показані додаткові механізми 
вияву стійкості, адгезивності, інвазивності, трансмісії ознак, секреції токсинів патогенами, що визначає загальне підвищення їх 
резистентності до дії використовуваних нині засобів. Загальна ідея створення антисептиків, які не сприятимуть підвищенню 
стійкості патогенів, наразі може бути реалізована з використанням субстанцій із різноспрямованими або опосередкованими ме-
ханізмами дії, що мінімально впливають на метаболізм самої клітини та суттєво знижують її стійкість і патогенність. 
Висновки. Фактори патогенності збудників нозокоміальних інфекцій та механізми їх реалізації можуть розглядатися як основні 
мішені для дії новітніх антисептиків, що будуть гальмувати поширення патогенів, не підвищуючи їх резистентність. Серед перс-
пективних субстанцій для таких засобів – бактеріофаги та їх модифікації, ензибіотики, імунобіотики, інгібітори аутоіндукторів, 

інгібітори quorum sensing-системи, інгібітори -лактамаз та інші. Частина з цих речовин у комбінації з антибіотиками нового по-
коління значно підсилює їх ефективність, і разом вони здатні долати опір навіть полірезистентних патогенів. 

Ключові слова: мікробні збудники; фактори стійкості; патогенні фактори; механізми патогенності; антибіотикорезистентність; 
новітні антимікробні речовини. 
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НОЗОКОМИАЛЬНЫЕ ИНФЕКЦИИ: ПАТОГЕННОСТЬ, СТОЙКОСТЬ И НОВЕЙШИЕ АНТИСЕПТИКИ 

Проблематика. Борьба с распространением инфекционных заболеваний порождает проблему резистентности патогенов, а 
наиболее стойкие из них – возбудители нозокомиальных инфекций – формируются в больницах в результате ряда причин. 
Решение проблемы находится в разных плоскостях, но актуальным остается поиск новых эффективных средств для лечения 
таких заболеваний уже сегодня. Наиболее короткий путь к этому – найти “болевые точки” самих возбудителей, то есть факторы 
их патогенности и резистентности, на которые и должно быть направлено действие новейших антисептиков. 
Цель. Анализ и оценка основных факторов патогенности и стойкости возбудителей нозокомиальных инфекций для опреде-
ления современных подходов к разработке новейших антимикробных средств. 
Методика реализации. Поиск и систематизация новых научных данных и результатов относительно факторов патогенности 
микробных возбудителей, которые могут быть использованы как цели для действия лекарственных препаратов. 
Результаты. В течение последних 10–20 лет в результате появления новых методов исследований в биологии стало возмож-
ным выяснение особенностей и дополнительных условий проявления факторов патогенности возбудителей нозокомиальных 
инфекций. Показаны дополнительные механизмы проявления устойчивости, адгезивности, инвазивности, трансмиссии при-
знаков, секреции токсинов патогенами, определяющие общее повышение их резистентности к действию используемых ныне 
средств. Общая идея создания антисептиков, которые не будут способствовать повышению устойчивости патогенов, сейчас 
может быть реализована с использованием субстанций с разнонаправленными или опосредованными механизмами действия, 
минимально влияющими на метаболизм самой клетки и существенно снижающими ее стойкость и патогенность. 
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Выводы. Факторы патогенности возбудителей нозокомиальных инфекций и механизмы их реализации могут рассматриваться 
как основные мишени для действия новейших антисептиков, которые будут приостанавливать распространение патогенов, не 
повышая их резистентность. Среди перспективных субстанций для таких средств – бактериофаги и их модификации, энзибио-

тики, иммунобиотики, ингибиторы аутоиндукторов, ингибиторы quorum sensing-системы, ингибиторы -лактамаз и другие. Часть 
из этих веществ в комбинации с антибиотиками нового поколения значительно усиливает их эффективность, и вместе они спо-
собны преодолевать сопротивление даже полирезистентных патогенов. 

Ключевые слова: микробные возбудители; факторы стойкости; механизмы патогенности; антибиотикорезистентность; новейшие 
антимикробные вещества. 
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