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Abstract 

Antibiotic resistant bacteria and resistance genes have become more prevalent in the 

environment due to unchecked use, despite the fact that antibiotics are widely used to 

prevent and treat infections in both humans and animals. Multidrug-resistant (MDR) 
bacteria can survive in harsh environments and are found in reservoirs created by 

wastewater and untreated sewage from hospitals, industries, and agricultural operations. 

Drinking water, soil, wastewater, groundwater, and surface water have all been found to 

contain resistant bacteria. Mycobacterium tuberculosis, Enterococcus faecium, 
Klebsiella pneumoniae, Staphylococcus aureus, Acinetobacter baumannii, and 

Pseudomonas aeruginosa are MDR pathogens that are significant worldwide. 

Salmonella, Vibrio cholerae, and Shigella are examples of MDR enteric pathogens that 

present additional risks to public health in developing nations. Because of the 
production of carbapenemase, resistance to carbapenems, which are frequently the last 

line of treatment for MDR Gram-negative bacteria like K. pneumoniae and E. coli, has 

become especially concerning. MDR bacteria use a variety of strategies, such as efflux 

pumps, antibiotic degradation or modification, target site mutation, decreased 
membrane permeability, biofilm formation, and horizontal gene transfer through 

conjugation, transduction, and transformation. Hospital-acquired resistance has gotten 

worse due to the spread of β-lactamases, ESBLs, and carbapenemases via plasmids. 

According to clinical research, infections brought on by MDR organisms are associated 
with longer hospital stays, higher treatment expenses, and higher mortality rates, 

especially in intensive care units and patients with compromised immune systems. 

Synergistic antibiotic combinations, efflux pump inhibitors, engineered endolysins 

(artilysins), and tactics aimed at outer membrane permeability are among the novel 
approaches being investigated to treat MDR infections. Control efforts are made more 

difficult by the spread of resistance genes via clonal outbreaks and mobile genetic 

elements. MDR bacteria continue to be a significant global clinical and public health 

concern because no single antibiotic is effective against all pathogens. 
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Introduction: 

Antibiotics are widely used to 

prevent or treat microbial infections in 

humans and animals; however, 

uncontrolled and excessive antibiotic use 

by humans and animals leads to an 

increase in antibiotic resistance and the 

spread of resistance genes in 

environmental samples [1]. This method 

has the potential to create a reservoir of 

multidrug-resistant microbes in water 
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bodies. These organisms may have 

transmissible genes and can survive in 

harsh environmental conditions for 

extended periods [2]. Antibiotic-resistant 

species have been reported in a variety of 

environments, including surface waters, 

treated wastewater, groundwater, 

sediments, soils, and drinking water [3,4]. 

Untreated sewage from municipal services, 

hospitals, industries, agriculture, and 

veterinary operations is the primary source 

of contamination [4, 5]. 

This is especially true for 

developing countries. Global examples of 

MDR strains include Mycobacterium 

tuberculosis, Enterococcus faecium, 

Enterobacter cloacae, Klebsiella 

Pneumoniae, Staphylococcus aureus, 

Acinetobacter baumanii and Pseudomonas 

aeruginosa. In developing countries, MDR 

enteric disease agents like Salmonella 

Enteritidis, Shigella flexneri, and Vibrio 

cholera pose a threat to public health 

measures [6,7]. In the US and UK, 40-60% 

of nosocomial S. aureus strains are 

methicillin-resistant (MRSA) or 

multidrug-resistant (MDR). Bacteria such 

as Bacillus, Staphylococcus, and 

Streptococcus species, P. aeruginosa and 

Candida albicans have been reported to be 

resistant to commonly used antibiotics, 

resulting in outbreaks of several infections 

[8].  

Bacteria, including E. coli and K.  

pneumoniae, can develop resistance to 

various antibiotics. Carbapenem antibiotics 

are now recommended as the last line of 

treatment for MDR strains of K. 

pneumoniae and E. coli infections [9,10]. 

However, resistance to carbapenems has 

complicated treatment and resulted in 

untreatable infections [11]. 

Enterobacteriaceae's resistance to 

carbapenems is primarily caused by the 

production of carbapenem-hydrolysing 

enzymes (carbapenemases), particularly in 

K. pneumoniae [12,13]. 

Drug-resistant strains first appeared 

in hospitals, where antibiotics were 

commonly used. Sulfonamide-resistant 

Streptococcus pyogenes first appeared in 

military hospitals in the 1930s. Penicillin-

resistant. S. aureus emerged in London 

civilian hospitals shortly after the 

introduction of penicillin in 1940. M. 

tuberculosis developed resistance to 

streptomycin shortly after its discovery 

[14,15].  

The pathogens, known as 

"superbugs," include Enterococcus 

faecium, S. aureus, K.pneumoniae, 

A.baumannii, P.aeruginosa, and 

Enterobacter spp. (ESKAPE). 

Enterobacteriaceae, a family of Gram-

negative bacteria, produce carbapenemase 

and are resistant to most antibiotics. 

http://www.thebioscan.com/
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Enterobacteriaceae, including E. coli and 

K. pneumoniae, can develop resistance to 

various antibiotics. Carbapenem antibiotics 

are now recommended as the last line of 

treatment for MDR K. pneumoniae and E. 

coli infections. Antimicrobials are 

ineffective against certain pathogens due to 

resistance mechanisms like drug 

inactivation, modification of binding 

sites/targets, changes in cell permeability, 

and mutation [9,10, 16-20]. 

 

Mechanism of Multidrug Resistance 

Bacteria: 

Efflux pumps, unlike other 

resistance determinants, are typically 

intrinsic. Genes for these transporters are 

found in both susceptible and resistant 

bacteria, and these genes are typically part 

of an operon with transcriptional 

regulation. Mutations in regulatory 

proteins or promoters lead to 

overexpression of efflux pumps, resulting 

in drug resistance [23]. The bacterial efflux 

system can be either specific, extruding 

only one class, or a single class. TetA and 

AbaF are antibiotics that selectively 

exclude specific antibiotics like 

tetracycline and fosfomycin, respectively 

[24]. 

MDR efflux pumps are capable of 

releasing multiple antibiotic classes, 

including MexAB-OprM, NorA, and 

BmrA, as well as disinfectants, dyes, and 

detergents. Most MDR efflux pumps, such 

as NorA, NorB, MepA, and MdeA in S. 

aureus, are chromosomally encoded and 

contribute to bacteria's intrinsic resistance 

to antibiotics. Some pumps are encoded on 

plasmids (QacA/B of S. aureus) or 

transposons (MefA and MefB of 

Streptococcus spp.), allowing for 

transferable resistance [25,26]. Exposure 

to a single agent from a pump's substrate 

profile can cause over-expression and 

cross-resistance to other substrates. These 

could include clinically relevant 

antibiotics. P. aeruginosa mutants that 

over-produce MexAB are resistant to 

various antibiotics, including 

fluoroquinolones, β-lactams, 

chloramphenicol, and trimethoprim, as 

well as triclosan, a common household 

biocide [27]. Recently, the efflux pump 

inhibitors have been studied to enhance the 

efficacy of exported antibiotics. Inhibitors 

that reduce efflux pumps' impact on 

fluoroquinolone activity have been 

developed using this strategy [28]. 

Horizontal gene transfer (HGT) 

enables microbial species to acquire 

genetic material from outside their clonal 

lineages. Microbes can use HGT to sample 

and share a large gene pool, which may 

encode traits useful in their local 

environment [29]. When bacteria are 

http://www.thebioscan.com/
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exposed to strong selective pressures, such 

as the presence of antimicrobials, 

horizontal acquisition of antibiotic 

resistance genes (ARG) allows for genome 

diversification and the possibility of rapid 

fitness increases. Indeed, HGT can be 

faster than spontaneous mutations in 

providing genes required for survival [30]. 

Three major HGT mechanisms in 

bacteria, conjugation, transduction, and 

natural transformation, may contribute to 

the spread of MDR in clinical settings. 

Conjugation necessitates physical contact 

between two cells in the same 

environment, followed by the formation of 

a bridge that allows plasmid transfer from 

a donor to a recipient cell [31]. β-Lactam 

resistance genes are often found on 

plasmids and spread through inter- and 

intraspecies conjugation in 

Enterobacteriaceae, Pseudomonas, and 

Acinetobacter. Plasmid-mediated 

resistance to β-lactam antibiotics 

highlights how HGT worsens AR 

challenges in hospitals. ESBLs and 

carbapenemases are enzymes that break 

down β-lactam antibiotics like penicillin, 

carbapenems, and cephalosporins, leading 

to resistance [32-35]. 

Transduction occurs when viral 

particles transmit bacterial genes. Bacterial 

DNA may be accidentally packaged in a 

bacteriophage capsid following 

bacteriophage infection. A capsid 

containing bacterial DNA can fully bind to 

a recipient cell and inject foreign DNA. 

Transduction occurs when bacterial DNA 

is transferred and recombined into the 

recipient cell's genome [36]. Transduction 

in Gram-negative bacteria has been 

observed to transfer multiple ARGs 

(Antibiotic Resistance Genes), including 

ESBL genes, from Pseudomonas strains 

[37]. 

Natural transformation happens 

when naturally competent bacteria take up 

extracellular DNA and recombine an 

imported gene(s) into the host genome. 

Acinetobacter, Haemophilus, Neisseria, 

Pseudomonas, Staphylococcus, and 

Streptococcus are among the clinically 

relevant antibiotic-resistant pathogens that 

can take up DNA and transform naturally 

[38,39]. 

Antimicrobial resistance in bacteria 

is caused by the alteration of target sites. 

Most bacterial groups of clinical origin 

have several mechanisms of resistance, 

including A. baumannii [40]. Target site 

changes are generally caused by 

mutational processes in the bacterial 

genome; these mutations happen 

spontaneously in the genes coding for the 

target sites and frequently occur due to 

selective pressure phenomena in the 

presence of the antimicrobial [41,42]. 

http://www.thebioscan.com/
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Mutations in the RNA polymerase and 

DNA gyrase genes are the most common 

changes, making the bacterium resistant to 

rifampicin and quinolones, respectively 

[43]. 

Resistance mechanisms mediated 

by a change in the target site can be 

divided into four major groups. The first 

mechanism of antimicrobial inactivation is 

mediated by modifying enzymes, which 

are responsible for irreversibly destroying 

the antimicrobial target site [40]. The 

second group refers to the modification of 

the target site structure that decreases its 

affinity for the antimicrobial, preventing 

binding at the cell surface; the typical 

mechanisms are Lipopolysacchride 

modification, Protein binding peptide2 

protein modification, and peptidoglycan 

modification [44-46]. 

The third category includes the 

phenomenon in which bacteria prevent 

antimicrobials from accumulating inside 

the cell; this is due to the mutation or 

complete loss of the outer membrane 

channels, the CarO type in A. baumannii, 

as well as the efflux systems of RND, 

MFS, ABC, and others. The fourth and 

final group discusses the persistence 

process and biofilm formation. In the first, 

the bacteria become tolerant of the 

presence of the antimicrobial when 

phenotypic changes, such as a quiescent 

metabolism, occur in small subpopulations 

[40]. 

Bacteria can prevent antibacterial 

molecules from accumulating on their 

targets by either reducing absorption, 

increasing discharge, or using both 

mechanisms simultaneously. Antibiotics 

typically penetrate bacteria's outer 

membrane to reach their targets. Gram-

negative bacteria's outer membrane 

consists of lipid bilayers and porins [47]. 

Hydrophobic antibiotics (quinolones and 

macrolides) penetrate the lipid bilayer, 

while hydrophilic antibiotics (beta-

lactams) pass through porins. [47,48] 

Porins are selective molecules for 

the transfer of molecules from the outside 

to the inside of the cells, limiting the entry 

of certain antimicrobials when a mutation 

occurs in the porin protein. Bacteria can 

reduce permeability in their membranes to 

prevent antimicrobials from entering the 

cells when the chemical nature of the 

bacterial membranes intervenes, such as 

the nature of lipopolysaccharides. This 

mechanism reduces the concentration of 

antibiotics within the bacterial cytoplasm, 

and the minimum inhibitory concentration 

of antibiotics required for it to take effect 

is not reached [49-52]. 

Natural antibiotics like 

aminoglycosides (kanamycin, tobramycin, 

and amikacin) are often resistant due to 

http://www.thebioscan.com/
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enzymatic phosphorylation by 

aminoglycoside phosphoryl transferase 

(APH), Aminoglycoside acetyltransferase 

(AAC), aminoglycoside adenyltransferase 

or nucleotidyl transferase, and β-lactams 

(penicillins, cephalosporins, and 

carbapenems like imipenem) are 

inactivated by β-lactamases in the 

periplasm. Modifications reduce the net 

positive charge of aminoglycosides, 

rendering them inactive as polycationic 

antibiotics [53,54]. Resistance to 

aminoglycosides has emerged in bacteria, 

including Gram-negatives, Gram-positives, 

and Mycobacterium, due to the spread of 

aminoglycoside-modifying enzymes 

(AMEs) via mobile genetic elements [55]. 

Certain microorganisms naturally produce 

beta-lactam antibiotics. Even before 

humans, microorganisms produced beta-

lactamases to survive against antibiotics 

[56]. 

 

 Clinical Impact: 

Clinical research has consistently 

shown that patients with multidrug 

resistance organism infection have a higher 

risk of dying compared to those without 

the infection. The improper use of 

antibiotics during the empirical stage may 

be connected to this [57]. Because 

multidrug resistance organism appears to 

be more common in the ICU than other 

wards, patients there are more likely to 

contract it, which increases their risk of 

infection and longer hospital stays. 

Patients with a history of antibiotic 

exposure, organ transplant recipients, 

immunocompromised individuals, and 

central venous catheters [58,59]. 

The infections caused by ESBL-

producing Enterobacteriaceae are 

associated with increased hospital Length 

of stay and costs. Bloodstream infections 

brought on by ESBL-producing 

Enterobacteriaceae are linked to higher 

death rates. Increased hospital Length of 

stay and mortality are linked to MDR P. 

aeruginosa (resistance to four or more 

antipseudomonal agents). Bloodstream 

infections and nosocomial ICU infections 

brought on by carbapenem-resistant 

isolates of Acinetobacter spp. are linked to 

higher mortality rates. Although they are 

linked to higher Length of stay and 

hospital expenses, other infection types 

have not been conclusively linked to 

higher mortality rates. MDR gram-

negative bacteria have a significant and 

extremely concerning clinical and 

economic impact. A coordinated response 

against these pathogens might be made 

easier by an international agreement on the 

definitions of such bacteria [60]. 

A variety of bacteria are present in 

the surgical theatres' materials and 

http://www.thebioscan.com/
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equipment. Salmonella species (42.8%) is 

the most prevalent bacterium, followed by 

Escherichia coli (28.6%), Enterobacter sp. 

(14.3%), and Klebsiella sp. (14.3%). 

Nevertheless, this outcome  

demonstrated the multidrug resistance 

among three distinct bacterial isolates, 

demonstrating the widespread use of 

plasmids containing genes that code for 

multidrug resistance in this field of study. 

Therefore, in order to prevent the 

accumulation of these bacteria, especially 

multidrug-resistant bacteria, in theatres 

that could result in infections that are 

challenging to control or curtail, the 

government and healthcare providers must 

raise awareness about resistant bacteria 

[17]. 

MDR bacteria have a moderate 

clinical impact on older patients with 

community-acquired Urinary tract 

infections. While there is no increase in 

mortality, cases brought on by MDR 

bacteria have longer hospital stays and 

higher IEAT. Nearly half of the 

community-acquired urinary tract infection 

cases in our series are caused by MDR 

bacteria, with prior antimicrobial therapy 

and living in a nursing home serving as 

independent risk factors [19]. 

 

Alternative treatment to control MDR 

infection: 

To find a new substitute for colistin 

or carbapenem has been carried out. 

Despite obvious flaws, engineered 

endolysins (artilysins) are especially 

intriguing. Because of its distinct mode of 

action, a lytic enzyme that breaks down 

bacterial peptidoglycan is a promising new 

class of antimicrobial agents. Inhibition of 

peptidoglycan synthesis is a promising 

target for antimicrobial agents, much like 

β-lactam antibiotics, which are among the 

most effective antibiotics. The likelihood 

of a resistance mechanism developing is 

minimal since lytic enzymes directly break 

down peptidoglycans but not proteins. 

Furthermore, efflux pumps do not inhibit 

enzymes with comparatively high 

molecular weights.  

The enhanced artilysin may be a useful 

treatment option for A. baumannii 

infections that are resistant to carbapenems 

or colistin, if the short stability of artilysin 

in serum and its high production cost 

compared to small molecules can be 

addressed [40]. 

While last-line strategies combine 

colistin with rifampin or polymyxin B with 

tigecycline, MDR isolates are typically 

successfully treated with synergistic 

therapeutic combinations with either beta-

lactamase inhibitor sulbactam or colistin 

[45]. 

http://www.thebioscan.com/
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Gram-negative bacteria's sensitivity 

to a wide range of antibiotics is influenced 

by the function of the general diffusion 

porin channels found in the outer 

membrane. It is obvious that any 

weakening of the LPS bilayer by targeting 

LPS-synthesising enzymes will sensitize 

bacteria to hydrophobic and some 

hydrophilic antibiotics, opening the door to 

combinatorial drug therapy [46]. 

Numerous protein channels, known 

as porins, are found in the outer membrane 

and are involved in the influx of different 

substances, including several classes of 

antibiotics. Together with efflux systems, 

bacterial adaptation to decrease influx 

through porins is a growing global issue 

that aids in the development and spread of 

antibiotic resistance. Recent advances in 

molecular approaches are enhancing our 

understanding of the physicochemical 

parameters that govern bacterial responses 

to antibiotic stress, including altered 

membrane permeability [50].  

Combinations of curcumin and antibiotics 

may offer a different strategy for treating 

infections caused by extensively drug-

resistant (XDR) and multidrug-resistant 

(MDR) bacteria [19]. 

 

  

Challenges in drug development: 

In developing nations like ours, 

bacterial antibiotic resistance has grown to 

be a serious problem. This is due to a 

number of factors, such as widespread 

antibiotic use, easy access to antibiotics off 

the shelf, sometimes without a doctor's 

prescription, non-compliance—an 

incomplete course of antibiotic treatment, 

poor hygiene, which speeds up microbial 

growth and the spread of pathogens, poor 

water quality, and poor handling of human 

waste. As a result of all these factors, there 

is currently no antibiotic that works against 

every type of bacteria [3]. 

In epidemics of phenotypically 

identical organisms, the genes responsible 

for antibiotic resistance are easily 

transferred between cocirculating strains 

[32]. The spread of resistance to 

carbapenems, an antibiotic class of last 

resort, may result from plasmid transfer 

between Enterobacteriaceae species, 

making it nearly impossible to treat 

common infections linked to healthcare 

[33]. NDM enzymes are mostly found in 

Enterobacteriaceae, but they are also 

found in Vibrionaceae and non-fermenters. 

The blaNDM-1 gene is mostly spread 

through clonal outbreaks and promiscuous 

plasmids. Since NDM-1 bacteria are 

usually resistant to almost all antibiotics, 

accurate detection and monitoring are 

essential [12]. 

http://www.thebioscan.com/
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 The control of antibiotic transportation 

through bacterial membranes, modification 

of the antibiotic target site, and enzymatic 

changes leading to antibiotic neutralization 

are the primary mechanisms of 

antimicrobial resistance [45]. mutations in 

DNA gyrase and RNA polymerase that 

cause resistance to quinolones and 

rifamycins. Acquisition of resistance may 

entail genetic exchange (conjugation, 

transduction, or transformation) of 

resistance genes from other organisms. 

Acquisition of the different van genes in 

enterococci that encode resistance to 

glycopeptides and the mecA genes in 

Staphylococcus aureus that encode 

methicillin resistance [41]. 

Although no efflux pump inhibitors 

have reached clinical practice, this area of 

drug development holds significant 

promise for reintroducing previously 

underutilised antimicrobial drugs [21]. 

Gram-negative bacteria have many efflux 

pumps. These pumps can transport 

different types of molecules, including 

antibiotics, out of the bacterial cell. This 

process reduces the amount of antibiotics 

inside the cell, helping bacteria survive 

even in high antibiotic levels. When some 

efflux pumps are overproduced, they can 

lead to significant antibiotic resistance in 

Gram-negative pathogens [22]. 

Colistin, a cationic peptide, disrupts 

Gram-negative bacteria's outer membrane. 

Colistin resistance is primarily caused by 

post-translational modification or loss of 

the lipopolysaccharide molecules inserted 

into the outer leaflet of the outer 

membrane. Lipopolysaccharide 

modification prevents polymyxin from 

binding to the bacterial surface, which may 

affect bacterial virulence. Antimicrobial 

pressure drives the evolution of 

antimicrobial resistance, and resistance is 

frequently associated with lower bacterial 

fitness. Therefore, alterations in 

lipopolysaccharide may induce changes in 

the fitness of A. baumannii [43]. 

Multidrug-resistant bacteria use 

various molecular and cellular mechanisms 

to resist antimicrobials. Antimicrobial 

resistance mechanisms include reduced 

drug entry into pathogen cells, enzymatic 

metabolism to inactive products, biofilm 

formation, altered drug targets, and 

antimicrobial target protection [49]. 
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