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Abstract

The World Health Organization (WHO) has issued a warning that antibiotic resistance is a problem
that must be effectively addressed and controlled that it poses serious challenges to the existing healthcare
system. Pan-drug-resistant (PDR) infections are caused by microbes that have evolved methods to withstand
all forms of antimicrobial treatment, such as those that impede drug absorption, alter drug targets, inactivate
drugs, or utilize efflux pumps. The importance of treating this sort of medication resistance is underscored
by the fact that the development of new therapies to treat it pushes clinicians to take action. Only a few
numbers of antibiotics, particularly when used in combination, are successful against PDR Gram-negative
bacteria such Pseudomonas aeruginosa, Acinetobacter baumannii, Klebsiella pneumoniae, and Escherichia
coli. Treatment of PDR A. baumannii is best accomplished using tigecycline in collaboration with
colestimethate, imipenem, or amikacin. The use of B-lactamase antagonists, including ceftolozane-
tazobactam or imipenem-cilastatin-relebactam, is the greatest effective method of treating PDR P.
aeruginosa. Nitrofurantoin, fosfomycin, and pivmecillinam appear to be the best successful medication for
the treatment of PDR E. coli, whereas tigecycline and colistin have been used to treat PDR K. pneumoniae
throughout the last several decades. Despite the fact that these medications fight PDR infections quite well,
there is a pressing need for the development of new substances and techniques of countering resistance since
antibiotic resistance is increasing every day in microbial species throughout the globe.

Keywords: Antibiotic resistance, antimicrobial drugs.

Introduction

Bacterial resistance (figure 1) to existing antimicrobials is a global health threat. This problem has
arisen since there are no effective antimicrobials to combat the bacterium. All Gram-positive and Gram-
negative microorganisms may develop resistance to antibiotics, and this issue has prompted a number of
new scientific nomenclature to describe the phenomenon (1). The concept of multidrug-resistant organisms
(MDR) is a microorganism that is resistant to more than one antimicrobial drugs, rendering therapy
unsuccessful towards the illness or delaying therapy and putting the patient's health at risk (2). Pathogens
that fall into the "extensively drug-resistant” (XDR) category are not only resistant to many antibacterial
agents but also have the ominous capability of becoming resistant to practically all permitted antimicrobials,
producing them to be epidemiologically significant. Mycobacterium tuberculosis (MTB) strains that are
resistant to all four first-line substances (rifampicin and amikacin, or capreomycin) and one of the second-
line substances (amikacin or capreomycin) were originally referred to as an XDR (3,4).
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Resistance to all antimicrobial substances is known as PDR. Overuse of broad-spectrum antibiotics
in medicine has led to bacteria becoming resistant to several antibiotics, creating a major public health risk
known as PDR infections. Since these microorganisms are becoming more resistant to all currently
employed antibacterial drugs or are only responsive to older, possibly more toxic medicines like polymyxins
and tigecycline, treatment options for infections are becoming increasingly constrained and suboptimal.
Some of the most important bacteria are Gram-negative PDR strains include P. aeruginosa, A. baumannii,
K. pneumoniae, and E. coli, and they are only susceptible to a small subset of antibiotics (5,6). Due to their
high stability, high infection occurrence, and resistance to antimicrobial agents, PDR bacteria are
extensively spread in the health care facilities (7,8).

There is also controversy around the effectiveness and sensitivity of resistant pathogens while using
antibiotics in clinical settings, since PDR microorganisms rapidly develop resistance strategies.
Consequently, describing a universal treatment protocol for treating PDR illnesses in sick patients is
challenging (9,10). In this scoping review, we'll discuss the most current developments in antibiotic therapy
for PDR diseases and the strategies that have been most successful in managing them.

Antimicrobial resistance

The incidence of antibiotic resistance is a complex problem with several aspects. The World Health
Organization (WHO) has issued a warning that antibiotic resistance is a problem that must be effectively
addressed and controlled that it poses serious challenges to the existing healthcare system. Even before
penicillin was widely produced, in 1943, bacteria belonging to the genus Staphylococcus were found to be
resistant to it; this suggests that the bacteria likely have a genetic predisposition for resistance, which has
been increasing over time (11). Therefore, bacteria may develop resistance to drugs by processes that need
no input from humans. Even so, since penicillin was introduced as an intervention for pathogenic bacteria,
the accomplishment of bacterial species to obtain such opposition has been speeded up. This, merged with
the widely misuse of antibiotics across human, animal, and agricultural settings, has quickly amplified this
concept (12).

The issue of what is driving the alarming rise in antibiotic resistance is an important one. A major
contributor to the worldwide spread of antibiotic-resistant infections is the careless use of existing
medicines. This is compounded by the slow pace at which new, effective antibiotics are being developed.
The present stagnation in antibiotic development and study is a multifaceted issue with several potential
causes. Antibiotic pipeline departments of many major pharmaceutical companies have been cut down or
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eliminated recently because to low profitability. A negative risk-reward ratio is the result of the
pharmaceuticals' limited use and short shelf life, rising regulatory costs, rising generic competition, and
eventual resistance leading to larger decreases in drug usage (13).

Treatment of pan-drug-resistant bacterial species
Anti-Pseudomonas aeruginosa compounds

P. aeruginosa is a very adaptable bacteria, able to thrive in a wide range of conditions. In addition to
wreaking havoc on plants and animals, it may have devastating effects on people with impaired immune
systems, such as cancer patients, burn victims, and those with cystic fibrosis (CF). This bacterium is a major
factor for biofilms and pneumonia in intensive care units (ICUs), and it is also a major source of drug-
resistant nosocomial infectious diseases. Individuals with cystic fibrosis were the first to report MDR-P.
aeruginosa, and this strain has subsequently been reported to be circulating across hospitalized individuals
(14-18).

Nosocomial infections (NCIs) and the incidence of P. aeruginosa strains insensitive to carbapenems

or all antimicrobial drugs available for medical use are linked to individuals in ICUs and burn units.
Carbapenems, ceftazidime, fourth-generation cephalosporins, ciprofloxacin, and aztreonam are all
traditional anti-pseudomonal compounds that P. aeruginosa rapidly develops opposition to after being used
for an elongated period of time in hospital admissions, particularly in ICU patients (19,20).
Cefepime, ceftazidime, carbapenems, and piperacillin-tazobactam are often used for the treatment of PDR P.
aeruginosa illness, often in conjunction with an additional antibiotic from a different family, like
from aminoglycosides, fluoroquinolones, or polymyxins (21). The use of a single recently identified or
developed B-lactamase antagonist, including ceftolozane-tazobactam, imipenem-cilastatin-relebactam,
or ceftazidime-avibactam is advisable to combine treatment with traditional drugs when the use of
traditional B-lactams for the fighting of P. aeruginosa PDR-illnesses (22,23). Cefiderocol, over the
utilization of combination of standard antibiotic agents, is the preferred treatment for acute PDR caused
by P. aeruginosa if B-lactamase antagonists are unavailable (22,24,25).

Anti-Klebsiella pneumoniae compounds

Among the most primary triggers of NCls in inpatients is K. pneumoniae, a major bacterial infection.
Over the last years, K. pneumoniae has seen an increase in the frequency with which it is recovered in the
treatment center, and in many regions, it has surpassed E. coli as the highest often identified Gram-negative
bacillus. Occurrence of carbapenem-resistant K. pneumoniae poses a serious threat to community health
since there are now no good treatment alternatives for this kind of illness. One of the most important
carbapenemases identified in K. pneumoniae is called kpc, and its possession has resulted in resistance to all
beta-lactams in this microbe, making treatment of diseases generated by it difficult to achieve (26,27).

Infections caused by carbapenem-resistant K. pneumoniae are difficult to treat because the bacteria
are resistant to antibiotics including tigecycline and colistin, a class of bacteria called as PDR bacteria or
super bacteria (28). In several hospitals across many countries, PDR K. pneumoniae has been detected.
Resistance to Beta -Lactams, aminoglycosides, fosfomycins, and quinolones is all common features among
KPC-possessing K. pneumoniae isolates. Infections caused by KPC-causing PDR K. pneumoniae may be
effectively treated with tigecycline or colistin (29). At the time of its first clinical use, tigecycline proved
effective against the vast majority of KPC-possessing K. pneumoniae; now, colistin is recognized as the
final option for the treatment of illnesses caused by carbapenem-resistant K. pneumoniae strains (30-32).

Anti-Escherichia coli compounds

The species Escherichia coli (E. coli) is the classic member of the family Enterobacteriaceae and the
most common facultative anaerobe bacterium in the human intestines. Some strains may now affect the
digestive tract, the urinary tract (UT), and even the brain and spinal cord. Since effective treatments are not
currently available, UT infections (UTIs) associated with antimicrobial agent resistance of E. coli,
particularly PDR UTIs, are becoming more alarming. It is crucial to understand the regional vulnerability
profiles of the most frequent uropathogens in order to choose the best antimicrobial treatment for UTIs
(33,34).
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For healthful, nonpregnant women with acute, uncomplicated cystitis, a term of nitrofurantoin,
pivmecillinam, or fosfomycin tromethamine is advised. Patients who have lately used these substances or
who are dealing with an infection caused by extended-spectrum -lactamases (ESBLs)-generating E. coli are
at increased risk of developing resistance to these and other antibiotics, limiting their utility as treatments for
UTlIs in various nations. Oral cephalosporins like cephalexin and cefixime generations, fluoroquinolone
substances, and beta-lactams like amoxicillin-clavulanate are all options for secondary treatment (35,36).

Fosfomycin, pivmecillinam, nitrofurantoin, fluoroquinolones, piperacillin-tazobactam, cefepime, and
carbapenems are all viable options for treating UTIs caused by E. coli that may develop AmpC—Ilactamase.
Treatment options for ESBLs-E. coli-related UTIs involve the use of nitrofurantoin, fosfomycin,
pivmecillinam, finafloxacin, amoxicillin-clavulanate, and sitafloxacin, whereas pivmecillinam, finafloxacin,
ffosfomycin, and sitafloxacin are also viable oral treatment options. In order to combat the spread of drug-
resistant strains and the loss of effective treatments, it is crucial to use novel antimicrobials in the treatment
of illnesses brought on by such germs (37,38).

Anti- Acinetobacter baumannii compounds

the aerobic Gram-negative coccobacillus A. baumannii is a significant NCI pathogen due to its
several drug-resistance pathways, and it may be a challenging germ for specialists to treat. Infections in
certain conditions and body locations like pneumonia, wounds, UTI, and intra-abdomen are only few of the
diseases it might lead to. There has been an upsurge in the incidence of A. baumannii with carbapenem-
resistant phenotypes during the last two years. High death rates and challenging eradication have resulted
from the development and spread of the PDR A. baumannii isolates in healthcare facilities (39,40).

Antibiotics like carbapenems formerly had a great deal of success in treating patients, but now a
growing number of pathogens are becoming resistant to them. Individuals with PDR A. baumannii are often
treated with unconventional compounds such polymyxin E and polymyxin B, regardless the toxicity of these
drugs. Some isolates have also developed resistance to certain antimicrobial agents while being treated with
them (39,40).

The use of pharmacological strategies, such as the introduction of novel antibacterial medications or
the strategic deployment of antimicrobial synergistically combined treatments, has become more important
in the fight against these illnesses (41). Tigecycline has also been approved for the treatment of digestive
tract and dermatological infections induced by vulnerable bacteria. Infections caused by PDR bacteria
respond well to tigecycline therapy, either when used alone or in combination with additional antibacterial
drugs such imipenem, amikacin, colestimethate, and ampicillin-sulbactam (42). Mixtures of imipenem-
colestimethate and tigecycline-imipenem were also very efficient (43). These findings highlight the value of
synergistic intake to enhance the efficacy of certain antibacterial drug combinations towards PDR
Acinetobacter baumannii based infections.
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