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Abstracts 

Polymyxins include polymyxin B and colistin, antibiotics which have played a crucial role 

as last resorts in the treatment of drug-resistant Gram-negative bacterial infections. 

Nevertheless, the increasing emergence of strains resistant to polymyxins has posed 

considerable clinical treatment challenges that risk the world's public health. Such 

resistance mechanisms include
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lipid A modification, efflux pumps, and plasmid-mediated mcr genes. These mechanisms 

render the polymyxins less potent, thus complicating infection control in clinical settings, 

especially hospitals. The present strategies against resistance are combination therapies: 

polymyxin with β-lactams, EDTA adjuvants, non-antibiotic approaches-nanoparticles, and 

phage therapy. Better diagnostics together with antimicrobial stewardship programs will 

control the spreading of resistance. MALDI-TOF and Rapid Polymyxin NP test can rapidly 

diagnose the diseases that can treat quickly. The development of solutions like host-based 

therapies, immunotherapy, and safer polymyxin analogues will be useful to cope with this 

crucial challenge. It pays more attention toward research and development of the novel 

therapy for polymyxin-resistant infections by providing much emphasis on global 

cooperation as well as government policies on combating the problem of antimicrobial 

resistance. 

Keywords: Polymyxin resistance, Gram-negative bacteria, Combination therapy, 

Antimicrobial stewardship, Lipid A modification, Rapid diagnostics, Immunotherapy. 

 

 

1. Introduction 

Last-resort medicines called polymyxins are used to treat Gram-negative bacterial infections that 

are resistant to many drugs. (Yu et al., 2015). They belong to the polymyxins A-E and among 

these, there are two clinically used forms known as Colistin, commonly known as polymyxin B 

and polymyxin E, (Yu et al., 2015). The breakdown of the bacterial wall's outer membrane is the 

main way that polymyxins exert their antibacterial activity (Tran et al., 2015). The negatively 

charged phosphate groups of the lipid are electrostatically interacting with the cationic L-α, γ- 

diaminobutyric acid (Dab) side chains of polymyxins. One of the main constituents of the Gram- 

negative outer membrane is lipopolysaccharide (LPS) (Tran et al., 2015). This interaction 

displaces the divalent cations (Ca2+ and Mg2+) that typically bridge neighboring LPS molecules, 

resulting to disarray and increased permeability of the outer membrane (Tran et al., 2015). 

Although the exact mechanisms of polymyxin-mediated killing of bacteria are not well 

understood, it is thought that this outer membrane disruption is an important step (Tran et al., 

2015). 

There are several reasons why polymyxins are last-resort antibiotics. First, there is an emerging 

major problem of polymyxin resistance primarily due to mechanisms that involve specific 

modifications of the lipid A component of LPS (Qi et al., 2022; Moffatt et al., 2010). Even when 

this happens, the resistance occurs in the absence of previous exposure to polymyxin (Xu et al., 

2022). Second, the therapeutic index of polymyxins is narrow and they possess strong 

nephrotoxic and neurotoxic potentials; hence, their usage has been limited (Yu et al., 2015; 

Oliveira et al., 2020). Thirdly, the polymyxin class has been abandoned for more than half a 

century, especially after the discovery of less toxic antibiotics, which limited further drug 

development in the said class (Yu et al., 2015; Oliveira et al., 2020). 

The alarming rise in carbapenem-resistant Gram-negative infections has pushed the resurgence 

of polymyxins as a treatment option since these may be the last effective antibiotic for such 

infections (Perez et al., 2020). However, polymyxins have rapidly become the true last line of 

protection from MDR Gram-negative bacteria, often accompanied by high mortality rates 

(Oliveira et al., 2020; Xu et al., 2022). Polymyxin-resistant microbial strains are highly
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dangerous to the clinical environment as they can easily develop resistance against one of the 

last drugs available in the treatment of multidrug-resistant Gram-negative bacterial infections, 

Maifiah et al., 2016; Qian et al., 2012; Velkov et al., 2014. These strains developed resistance to 

the antimicrobial effects of polymyxins. These antibiotics target the cell membrane of bacteria 

(Arroyo et al., 2011;, Tsuji et al., 2016). 

One of the critical resistance mechanisms to polymyxin is the alteration of the lipid A moiety of 

the bacterial lipopolysaccharide (LPS) (Arroyo et al., 2011;, Moffatt et al., 2010).This changes 

in the form of added positive charges, such as phosphoethanolamine or 4-amino-4-deoxy-L- 

arabinose leads to a decreased binding of the polymyxins to the cell membrane of the bacteria, 

(Arroyo et al., 2011;, Moffatt et al., 2010). On the other hand, some polymyxin-resistant bacteria 

also lack LPS completely, such as in the case of Acinetobacter baumannii, which limits the use 

of the polymyxin. This third mechanism of polymyxin resistance is through the expression of 

efflux pumps at highly elevated levels. This pump expels the antibiotic outside the bacterial cell. 

Some two months ago, it has been shown that an efflux pump gene on a genomic island bestows 

resistance to polymyxin in Pandoraea pnomenusa (Gao et al., 2023). 

These polymyxin-resistant strains raise great concern in hospitals where these organisms cause 

serious and hard-to-treat infections (Zimmerman et al., 2020; Xiao et al., 2023). Polymyxins and 

colistin and polymyxin B are drugs used only to treat resistant Gram-negative bacteria infections, 

most of which include Pseudomonas aeruginosa, Klebsiella pneumoniae, Escherichia coli, and 

Acinetobacter baumannii, as reported by Qian et al., 2012; Xiao et al., 2023, where it has been 

noted that 2.6% resistant strains dominate the hospitals. and other health care set-ups of the nation 

(Xiao et al., 2023). These resistant strains normally tend to become cross-resistant against other 

drugs like carbapenems, so their use is now becoming difficult (Xiao et al., 2023). Further, using 

polymyxins has led to the development of resistance, an issue with the underlying fact about 

stewardship with research and developments on new antimicrobial measures (Tsuji et al., 2016). 

 

 

2. Understanding Polymyxin Resistance 

The primary mechanisms include modifications of the lipid A component of the bacterial outer 

membrane (Han et al., 2017; Velkov et al., 2014; Deris et al., 2014). Gram-negative bacteria 

achieve this by introducing cationic modifications, such as adding the L-Ara4N (4-amino-4- 

deoxy-L-arabinose) or pEtN (phosphoethanolamine) to lipid A phosphate groups (Velkov et al., 

2014; Deris et al., 2014; Han et al., 2017). This will repel the electrostatic attraction of the outer 

membrane from the positively charged polymyxin molecules, thus decreasing the net negative 

charge of the outer membrane (Han et al., 2017; Velkov et al., 2014; Deris et al., 2014).
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Figure 1. Resistance Mechanisms of Polymyxins 

The upregulation of the pmrAB two-component system and the arnBCDTEF-ugd operon, which 

add L-Ara4N to lipid A, has been reported in polymyxin-susceptible Pseudomonas aeruginosa 

strains when exposed to polymyxin B (Han et al., 2017). Furthermore, the deletion of the pagL 

gene, which is involved in lipid A deacylation, significantly increased the polymyxin 

susceptibility of the polymyxin-resistant P. aeruginosa strain (Han et al., 2017). These findings 

indicate that L-Ara4N-modified lipid A is the most critical resistance mechanism of polymyxins 

in P. aeruginosa (Han et al., 2017). Another mechanism in A. baumannii by pmrCAB operon 

leads to resistance through modifications of the lipid A by the addition of phosphoethanolamine 

to the molecule (Arroyo et al., 2011). This reduces the net negative charge of the outer membrane 

and helps prevent the permeabilizing activity of polymyxins. 

Another mechanism of resistance by polymyxin involves the action of efflux pumps. Although 

the role of efflux pumps in resisting polymyxin has not been studied in detail in these references, 

it is established that the action of efflux systems does allow for the extrusion of antimicrobial 

agents, like the polymyxins, out of the bacterial cell (Zimmerman et al., 2020). These other 

concerns also include increased plasmid-mediated polymyxin resistance, which includes 

resistance conferred by the mcr genes (Hussein et al., 2018; Vieira, 2024; Zamparette et al., 

2020). MCR genes express a phosphoethanolamine transferase that catalyses lipid A to be 

modified, giving rise to resistance against polymyxins (Hussein et al., 2018; Vieira, 2024; 

Zamparette et al., 2020). The spreading of such mobile genetic elements across various species 

of bacteria and environments gives a great threat to the clinical utility of polymyxins, as indicated 

by Vieira in 2024, and by Zamparette et al. in 2020. 

Table 1: Mechanisms of Polymyxin Resistance. 

Mechanism Description References 

Lipid A modification Addition of L-Ara4N or pEtN reduces binding affinity 
of polymyxins. 

Han et al., 2017; Deris et al., 
2014 

Efflux pumps Actively expel polymyxins out of bacterial cells. Gao et al., 2023 

Plasmid-mediated mcr 
genes 

Encode enzymes that modify lipid A, conferring 
resistance. 

Hussein et al., 2018; Vieira, 
2024 

Biofilm formation Increases bacterial resistance by reducing drug 
permeability. Field et al., 2016 

There are various mechanisms through which the hospital environment causes the emergence 

and spread of polymyxin-resistant strains. The high usage of polymyxins, including polymyxin 

B and colistin as a "last-resort" treatment for infections caused by multidrug-resistant Gram-
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negative pathogens, has led to the selection of polymyxin-resistant strains (Qian et al., 2012). 

Studies have been carried out and proved there is a correlation with polymyxin usage and 

resistance of carbapenem-resistant Klebsiella pneumoniae in the hospital setting; however, it has 

been conflicting at times (Xiao et al., 2022; Xiao et al., 2023). Other mechanisms of resistance 

that would be seen include β-lactamases production and efflux pumps, with the subsequent 

emergence of polymyxin resistance mechanisms (Gao et al., 2023). These can result from 

horizontal gene transfer or chromosomal mutation. These processes are enhanced by the high 

density of microorganisms and frequent antibiotic exposure in the hospital setting (Abraham & 

Kwon, 2009). 

The other reason for the emergence and spread of drug-resistant strains is said to be the lack of 

understanding and education of health personnel regarding antimicrobial resistance and 

stewardship (Abera et al., 2014). Poor infection control behaviors, including inadequate hand 

washing and disinfection of instruments, can further contribute to such cross-transmission in 

healthcare settings (Júnior et al., 2022). Apart from this, the hospital setting itself becomes a 

reservoir because resistant polymyxin-producing bacteria can easily reside on devices present 

within patient rooms, medical tools and equipment, and even the sewages of the hospital 

according to Ra (2023). Spread from the environment of the health care to the community 

contributes to the dissemination of resistant polymyxins. These factors may even worsen the 

situation by establishing an environment where polymyxin-resistant strains can be selected and 

transmitted when dealing with invasive medical devices and patients who are 

immunocompromised in a hospital where other multi-drug-resistant pathogens are abundant 

(Xiao et al., 2022; Xiao et al., 2023; Gao et al., 2023). 

 

 

3. Current Challenges in Treating Polymyxin-Resistant Infections 

First, the fast increase in enzymes, including extended-spectrum beta-lactamases and 

carbapenemases, has reversed the tide of success of most traditional therapies for severe Gram- 

negative infections. It therefore leaves the patients with fewer options, and there is an 

unprecedented level of resistance documented to last-line antibiotics, such as polymyxins 

(Oliveira et al., 2020). Mortality rates due to severe carbapenem-resistant and ESBL-producing 

Enterobacterales and Acinetobacter baumannii have also reached greater than 40% and 35%, 

respectively. There is a medical need not yet met by the development of new, safer polymyxin 

lipopeptide antibiotics to combat the increasing incidence of multidrug-resistant (MDR) 

pathogens, particularly in hospitals (Deris et al., 2014). The polymyxins have emerged as an 

essential part of the arsenal of antibiotics because they just so happen to be part of the very few, 

or sometimes only, antimicrobial drugs that are active against the multi-drug-resistant Gram- 

negative pathogens often giving rise to life-threatening infections among the most susceptible 

groups of patients (Field et al., 2016). However, clinical reports still abound in support of 

evidence that the Gram-negative bacteria also obtained resistance to the polymyxins (Field et al., 

2016). 

The development of polymyxin resistance is significant because the alternative effective 

antimicrobials are limited in supply (Li et al., 2022). It has been shown that the loss of
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lipopolysaccharide from the outer membrane of Acinetobacter baumannii alters the antibiotic 

resistance profile, increasing sensitivity to a range of other antibiotics but increasing resistance 

to colistin and polymyxin B (Moffatt et al., 2010). Additionally, their ability to form biofilms 

tips it towards resistance because most biofilms are impermeable and notoriously hard to treat 

(Field et al., 2016). Such combinations have been shown to achieve effective reductions of the 

MIC of polymyxin B against several polymyxin-resistant strains (Zimmerman et al., 2020). 

However, some of these combinations could not suppress all the tested polymyxin-resistant 

isolates, and new studies on treatment options must be conducted (Zimmerman et al., 2020). 

 

 

4. Synergistic Approaches in Combatting 

Resistance Combination Therapies: 

Synergistic drug interactions: Combination treatments can be made to leverage synergies among 

different antibiotic classes by augmenting the combined antihuman drug effect of drugs. As an 

illustration, the drug interaction involving daptomycin plus fosfomycin was synergistically 

bactericidal towards strains of gentamicin-resistant Enterococcus faecalis (Rice et al., 1989). As 

well, there has been observed synergy between β-lactam antibiotics and glycopeptide antibiotics 

against glycopeptide-resistant enterococci (Leclercq et al., 1991). These combinations are likely 

to better  exploit  combination  treatments  to  override  resistance  pathways. This reduces the 

formation of resistant cells and can even prevent or delay the onset of resistant cell production if 

the individual drugs do not add together synergistically. Some in vitro experiments reported that, 

conversely, drug interactions showing antagonistic or suppressive effects might even be stronger 

in blocking multi-drug resistance development than synergistic combinations are (Ankomah et 

al., 2013). Also, the rapid change in drug combinations that favour various resistance phenotypes 

would lead to greater virus repression as well as delaying the manifestation of resistant 

phenotypes (Balzarini & Clercq, 2001). 
 

Figure 2. Summary of Synergistic Treatment Approaches.
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Addressing heterogeneous populations: combination therapies target heterogeneous populations 

where resistant populations could be integrated due to drugs working on different mechanistic 

properties. It has a greater chance of killing all resistant cells, those with different resistance 

mechanisms, and decreases the chances of resistant strains (Mokhtari et al., 2017). Lowering 

drug concentrations: Combination therapies can sometimes permit a reduction in doses of 

individual drugs while still maintaining their efficacy, thereby reducing side effects associated 

with higher drug concentrations. This is very helpful in infections related to resistant strains 

where greater concentration levels of drugs are necessary (Mokhtari et al., 2017). Adjuvants: 

Adjuvants, such as EDTA, can be used to re-activate the action of polymyxin by disrupting the 

bacterial cell membrane. The synergistic antibacterial activity of polymyxin B and EDTA was 

shown against Pseudomonas aeruginosa and Staphylococcus aureus (Wu, 2023; Hale, 2024). 

EDTA is said to chelate calcium and magnesium ions from the lipopolysaccharide layer, which 

destabilizes the outer membrane and enhances the permeability of polymyxins (Komaniecka et 

al., 2016). A possible combination for enhancing the effectiveness of this antibiotic is through β-

lactamase inhibitors that help inhibit the action of those degradative enzymes implicated in 

conferring resistance to polymyxins. A clear case on that effect of that combination is where it 

had proven to be synergistic between fosfomycin and polymyxin B against KPC-2-producing 

Klebsiella pneumoniae isolates (Ribeiro et al., 2023). The reconstitution of effectiveness of that 

use of the β-lactamase inhibitor, fosfomycin, against antibiotic-resistant Gram-negative 

pathogens is also possible. 

Efflux pump inhibitors could revive the activities of polymyxins as the efflux mechanism that 

would expel them out of the bacterial cell would be inhibited. It has been reported that combining 

colistin with the efflux pump inhibitor otilonium bromide synergizes to significantly improve 

antimicrobial activity against persister Gram-negative bacterial pathogens (Chen et al., 2022). 

Some other adjuvants are known to rescue the anti-Staphylococcus activity against polymyxins 

(Wang et al., 2023). These most probably work through various mechanisms such as 

compromising cell membrane integrity or interference with resistance mechanisms. However, 

the species of bacteria and mechanisms of resistance may influence adjuvant selection and 

effectiveness. Adequate evaluation and adjuvant-polymyxin titration is essential for identifying 

effective treatment modalities against multidrug-resistant Gram-negative bacteria (Zimmerman 

et al., 2020; Yoshino et al., 2013; Esposito et al., 2017). 

Non-Antibiotic Strategies: 

There are still other approaches, like phage therapy, antimicrobial peptides, and nanoparticles, 

that might make it possible to use it in combination with polymyxin therapy for carbapenem- 

resistant organism infection treatment (Tang et al., 2022). Polymyxin therapy, for instance, has 

provided a cure for infections with several MDR Gram-negative bugs, such as Acinetobacter 

baumannii and Pseudomonas aeruginosa (Biagi et al., 2019). However, polymyxins were 

associated with significant toxicity, particularly nephrotoxicity and neurotoxicity (Biagi et al., 

2019). Using polymyxin therapy in combination with other antimicrobial approaches may limit 

such adverse effects while improving clinical outcomes.
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Phage therapy, with its promise as an adjunct to polymyxin therapy. In one experiment, addition 

of a specific phage, SA11, to polymyxin B displayed an additive antimicrobial activity against 

Staphylococcus aureus that comprises drug-resistant strains (Jo et al., 2016). The potential could 

be for increased effectiveness of polymyxins versus MDR Gram-negative bacteria. Another class 

of antimicrobials whose potential to complement polymyxin therapy includes another class of 

antimicrobials known as antimicrobial peptides (AMPs), which can interfere with a bacterial cell 

membrane by different means than polymyxins. A good example is where this research may be 

helpful in developing more novel AMPs by the exploration of the regulatory systems used by the 

bacteria to adapt to AMPs, for example, CprRS system in Pseudomonas aeruginosa (Fernández 

et al., 2012). 

Another nanoparticle-based approach which has been studied is that of cubosomes loaded with 

polymyxin. Cubosomes are nanoparticles of lipid nature like the structure of polymyxins, capable 

of causing harm to Gram-negative bacteria's outer membrane. It has been observed that when 

these polymyxin-loaded cubosomes are combined, significantly greater antimicrobial activity 

was exhibited towards MDR bacteria compared with polymyxin alone and when it was in 

combination with cubosomes (Lai et al., 2022). This multi-therapy could potentially solve the 

problem of resistance and might improve the treatment with polymyxin. 

Besides these antimicrobial strategies, the route of administration of polymyxins can also be 

optimized as an adjunct to its use. Inhaled or nebulized polymyxin therapy has been explored as 

a strategy for achieving high local concentrations in the lungs, which can be particularly useful 

in the treatment of VAP caused by MDR Gram-negative bacteria (Hasan et al., 2021; Wu, 2023). 

Other studies have demonstrated that supplementing aerosolized polymyxin B with intravenous 

polymyxin B helps improve clinical results for patients with low polymyxin exposure (Tang et 

al., 2022; Wu, 2023). 

Immunotherapy: 

Some works have been presented exploring how these approaches might strengthen the host's 

immune response and potentially overcome the problem posed by drug-resistant bacterial strains. 

An important key aspect is using mAbs that target specific epitopes or virulence factors from the 

pathogen. Xiong et al. 2017 had shown that a human biofilm-disrupting mAb was able to enhance 

the antibiotic efficacy in rodent models of infections due to Staphylococcus aureus and 

Acinetobacter baumannii. Such a mAb disrupted the biofilms produced by bacteria, the greatest 

factor responsible for resistance towards the antibiotics. Likewise, Pennini et al. Pennini et al. 

(2017) found that mAbs targeting the O-antigen of Klebsiella pneumoniae could provide 

protection and synergistic activity when used in combination with antibiotics, even against highly 

carbapenem-resistant strains. 

Immune modulators, including microRNAs, might also be involved in regulating host immune 

responses to bacterial pathogens. Mishra et al. Mishra et al. (2021) reviewed the role of miR- 

30e-5p in the regulation of SOCS1 and SOCS3; these are key negative regulators of cytokine 

signaling. Their results indicate that inhibiting these microRNAs may be a useful method for 

enhancing innate host defense against bacterial infections. The bispecific antibodies, as proven 

by Patel et al. (Patel et al., 2017), could be used to target bacterial infections with alternative



Saeed Saad Hammad Aloufi, Abdullah Rached Aljohani, Essa Rashed Awadh Alsuhaymi, Abdullah Ayidh Muidh Alrehaili, Abdulmajeed 
Mohammed Aali Alalawi, Faris Nasser Attallah Alahmdi, Hassan Readh Alhajuj, Hamed Mohammed Aali Alalawi, Ayman Mohammed Salem 
Al-Twaim, Yuosef Ahmed Sulmain Duwayriat, Maged Mohammad Saliem Al Salih, Mohammed Ahmed Abdullh Alkurdi, Mansour Abdullah F 
Alfuraydi, Bandar Mohammed Alharbi, Turki Mohammed Turki Alanzi 

1524 Evolutionary Studies in Imaginative Culture 

 

 

approaches. Their research found that a bispecific DNA encoded IgG antibody was protective 

against Pseudomonas aeruginosa in a pneumonia challenge model, indicating the possibility of 

the technology. 

Importantly, development of mAbs and immune modulators carries several benefits over 

traditional antibiotic therapies. According to Rossmann et al. (2015), mAbs can be administered 

prophylactically and provide immediate protection, while vaccines take some time before the 

host develops its protective antibodies. Moreover, the utilization of mAbs can help mitigate the 

detrimental effects of disruption in the beneficial microbiome as well as the spread of cross- 

resistance, which commonly accompany the use of antibiotics. 

Table 2: Current Treatment Strategies for Polymyxin-Resistant Infections. 

Strategy Description References 

Combination therapy Use of polymyxins with β-lactams, rifampin, or 
adjuvants like EDTA. 

Ribeiro et al., 2023; Quale et 
al., 2012 

Non-antibiotic 
approaches 

Nanoparticles, phage therapy, and host-based therapies to 
enhance efficacy. 

Lai et al., 2022; Tang et al., 
2022 

Rapid diagnostics MALDI-TOF, PCR, and Rapid Polymyxin NP for early 
detection and management. 

Nordmann et al., 2016; Fahim 
et al., 2023 

Immunotherapy Monoclonal antibodies targeting bacterial virulence 
factors. 

Xiong et al., 2017 

 

 

5. Role of Diagnostics and Genomics 

Modern swift detection methods, including MALDI-TOF mass spectrometry and molecular 

assays, have improved significantly the identification of polymyxin-resistant isolates (Nordmann 

et al., 2016; Fahim et al., 2023; Nordmann et al., 2016). MALDI-TOF mass spectrometry is one 

of the techniques, quite powerful in identifying the species of bacteria, as well as to identify quite 

quickly and readily specific mechanisms of resistance, among which, notably, polymyxin 

resistance was mentioned by Nordmann et al. (2016); Nordmann et al., 2016). It is based on the 

examination of protein profiles of bacterial isolates, leading to rapid identification and 

differentiation of polymyxin-resistant strains (Nordmann et al., 2016;, Nordmann et al., 2016). 

In addition to that, there are molecular tests, PCR-based tests included, developed to identify the 

presence of polymyxin resistance genes such as the mcr genes (Daly et al., 2017;, Sekyere, 2018). 

Results are within hours of several hours and so fast for identifying the isolates polymyxin- 

resistant. Compared to the regular susceptibility testing, like broth microdilution, which can take 

several days, the quick diagnostic tests, such as Rapid Polymyxin NP, results in 2 hours at 

minimum (Nordmann et al., 2016; Fahim et al. 2023). This test will determine the growth of 

bacteria in the presence of polymyxins; therefore, the strains could be identified rapidly as 

polymyxin-resistant (Nordmann et al., 2016; Fahim et al., 2023). 

The Rapid Polymyxin NP test has been shown to be highly sensitive (99-99.3%) and specific 

(82-95.4%) in detecting polymyxin resistance, thus becoming a reliable alternative to the gold
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standard broth microdilution method (Nordmann et al., 2016; Fahim et al., 2023;, Nordmann et 

al., 2016). This test would be very useful in resource-limited settings where access to more 

sophisticated susceptibility testing methods might be limited (Fahim et al., 2023). Apart from the 

rapid identification, incorporation of these diagnostic tools might also lead to prompt 

implementation of appropriate infection control practices, such as segregation of patients that 

harbor polymyxin-resistant isolates from other patients in order not to further disseminate such 

resistant organisms (Nordmann et al., 2016; Daly et al., 2017). In addition, the detection of rapid 

polymyxin resistance will help in choosing the appropriate antibiotic therapy and thus administer 

the patients with the most effective treatment as possible with reduced risk for treatment failure 

(Nordmann et al., 2016; Daly et al., 2017; Tsuji et al., 2016). 

 

 

6. Infection Control Measures in Hospital Settings 

Combination therapy that targets multiple resistance mechanisms: Combination therapy that 

targets heterogeneous resistance mechanisms in Gram-negative bacteria has been found to be 

more effective than monotherapy as reported by Zimmerman et al. 2020; Combining polymyxins 

with other antibiotics such as amikacin is known to reduce mortality compared to polymyxin 

monotherapy as reported by Xia & Jiang 2021. 

Table 3: Clinical Outcomes of Combination Therapies. 

Combination Outcome References 

Polymyxin B + fosfomycin Synergistic effects against KPC-2-producing Klebsiella 
pneumoniae. 

Ribeiro et al., 2023 

Polymyxin B + EDTA Enhanced permeability and antibacterial activity. Hale, 2024 

Polymyxin B + resveratrol Reduced MICs and improved anti-biofilm activity. Liu et al., 2020 

Polymyxin B + rifampin Potentially improved outcomes in animal models. Quale et al., 2012 

Polymyxin B + 
nanoparticles Significant antimicrobial activity against MDR strains. Lai et al., 2022 

Decolonization of skin by chlorhexidine: Chlorhexidine bathing would also reduce catheter 

colonization and the incidence of catheter-associated bloodstream infections because of 

polymyxin-resistant strains. The MIC of polymyxin-resistant isolates of Acinetobacter 

baumannii was reported to be less than that contained in the bathing solution of chlorhexidine 

(Carrasco et al., 2021). 

Monitoring of polymyxin resistance: Since the emergence of polymyxin resistance is time- 

dependent, the incidence of polymyxin resistance needs to be monitored and tracked in hospitals. 

An increasing trend occurs with an increase in time since infection with polymyxin-resistant 

Enterobacterales, Pseudomonas aeruginosa, and Acinetobacter baumannii (Xiao et al., 2023; 

Xiao et al., 2022; Roy et al., 2018). Trends may be useful in making the management decisions. 

Antimicrobial stewardship: Use of polymyxins and other last-resort antibiotics will be done 

properly if the programs of antimicrobial stewardship are implemented. The programs would
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prevent further development and spread of resistance (Qian et al., 2012). Monotherapy with 

polymyxins must be limited by giving alternative antimicrobial options as well as combination 

therapy. 

Infection Prevention and Control: Standard precautions: hygiene, contact precautions, cleaning 

the environment, proper devices, all of these with a goal of preventing nosocomial spread of 

polymyxin-resistant strains in the health institution (Deris et al., 2014; Tran et al., 2015). 

 

 

7. Case Studies and Clinical Outcomes 

One such example is the co-administration of polymyxin B with the antineoplastic drug mitotane, 

which has been proved to cause synergistic bacterial killing and inhibit regrowth in the 

multidrug-resistant Acinetobacter baumannii strains (Tran et al., 2018). In this study, it was 

demonstrated that both polymyxin-susceptible and -resistant isolates of A. baumannii were 

affected. The other important combination is the polymyxin B with anthelmintic drug closantel. 

It has proved that it was actually a viable combination as it showed an improved bactericidal 

activity of polymyxin B on multidrug-resistant A. baumannii (Tran et al., 2015). It was also 

proved in this experiment that closantel fully inhibited the regrowth seen when administered 

alone with polymyxin B. 

Another was the polyphenolic compound resveratrol, which was seen to augment the 

antimicrobial activity of polymyxin B against Klebsiella pneumoniae and Escherichia coli 

isolates resistant to polymyxin B. The combination resulted in an appreciable decrease in MIC 

of polymyxin B (Liu et al., 2020). Another synergistic agent identified was the combination of 

polymyxin B and the antibiotic fusidic acid, which showed potent effects against isolates of K. 

pneumoniae and E. coli, especially those resistant to polymyxin B (Chen, 2023). It was more 

effective than the use of either agent alone in treating such infections. 

In addition, the ionophore PBT2 was demonstrated to increase the disruption of polymyxin 

resistance in polymyxin-resistant K. pneumoniae, E. coli, A. baumannii, and Pseudomonas 

aeruginosa (Oliveira et al., 2020). This repurposed drug provides a potential alternative to de 

novo drug discovery to combat antimicrobial resistance. Although animal models seem to 

demonstrate improved outcomes with polymyxin B combined with rifampin, controlled studies 

in humans are still limited (Quale et al., 2012). The combination of polymyxins with other 

antibiotics is seriously plagued with regrowth, which is often a very troublesome issue with 

monotherapy with any of the polymyxins. 

 

8. Prospects in Fighting Polymyxin Resistance 

AMS Programs: The development of adequate AMS programs would complement new 

antimicrobials. AMS programs would reserve the potency of currently prescribed therapies and, 

therefore, the highest clinical outcomes for the patients. AMS strategies range from prudent use 

of antimicrobials, developing expedited diagnostics to enable more targeted utilization of
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antibiotics based on causative agents, and restriction in usage of broad-spectrum antibiotics 

(Matsumoto et al., 2022). 

Exploration of New Mechanisms of Antimicrobic Activity: There is also a need for more study 

and discovery of new antimicrobic medications and other treatments, based on multitarget 

mechanisms (Vaishampayan & Grohmann, 2021; Lázár et al., 2018). These might be ROS- 

generating antimicrobics, antimicrobial peptides, and peptidomimetic drugs which are less likely 

to confer resistance (Vaishampayan & Grohmann, 2021; Lázár et al., 2018). 

Biofilm-Related Infections: New antimicrobial agents and treatment strategies are required to be 

developed against infections by antibiotic-resistant and biofilm-forming bacteria (Vizzarro & 

Jacquier, 2022). Biofilms are challenging because they show higher antibiotic tolerance than 

planktonic bacteria (Vizzarro & Jacquier, 2022). 

Host-based Therapies: With the development of host-based therapies, which rely on activating 

microbicidal responses in macrophages and neutrophils, a new paradigm is growing as an 

alternative to fight antimicrobial resistance (Watson et al., 2020). The strategy in such 

approaches would be to increase the host's immune response against infections. 

Government Policy Interventions: The information-oriented strategies used in the interventions 

are public awareness campaigns and antimicrobial guidelines (Katwyk et al., 2019). The 

objectives of such government policy interventions are to raise awareness of health care 

professionals and the community about the resistance to antibiotics and its proper use of 

antibiotics (Katwyk et al., 2019). 

Natural Resource Discovery: Filamentous ascomycetes such as Penicillium chrysogenum can be 

a very good source of antimicrobial biomolecules that may find more use in medical and 

agricultural applications (Huber et al., 2018). Similarly, anurans, or frogs, have also been very 

remarkable sources of biologically active compounds, which are mainly in the form of 

antimicrobial peptides and might find use in drug development (Freitas et al., 2023). 

 

9. Global and Policy Implications 

Various international policies and guidelines cover the management of polymyxin-resistant 

infections. World Health Organization's Global Action Plan on Antimicrobial Resistance aids 

countries in addressing this problem, which is faced around the world, by devising strategies to 

maintain the potency of polymyxins: "Global Action Plan on Antimicrobial Resistance", 2015. 

The use of polymyxin-based combinations is very common because of the increasing resistance 

to polymyxins, thereby improving the antimicrobial activity and reducing resistance 

development. However, evidence-based treatment guidelines for these combinations are lacking, 

indicating the need for optimization (Wickremasinghe et al., 2021). 

Many tests have been developed and assessed for detecting polymyxin resistance. Some of the 

tested methods include Etest, elution, agar dilution, polymyxin NP, and automated systems; all 

have very important limitations. BMD is the gold standard method for establishing polymyxin 

susceptibility; however, it is cumbersome and time-consuming (Perez et al., 2020). Polymyxins, 

such as polymyxin B or colistin, are also known to cause the enrichment of polymyxin-resistant
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subpopulations during monotherapy. Thus, there is a warning for the use of these drugs in treating 

Acinetobacter baumannii infections. Combination therapies, such as the combination of 

polymyxin B and the anthelmintic closantel, resulted in improved bacterial killing of multidrug- 

resistant A. baumannii (Tran et al., 2015). 

The mechanisms of resistance to polymyxin B in Pseudomonas aeruginosa are not well 

understood, though the most common mechanism has been reported to be the alteration of the 

lipid A component of the outer membrane lipopolysaccharide, the initial target of polymyxin B. 

Combination therapies, like polymyxin B and resveratrol, were recently shown to have 

synergistic antibacterial and anti-biofilm activities against multidrug-resistant P. aeruginosa (Qi 

et al., 2022). The Swedish policies in relation to the containment of antibiotic resistance are 

aligned with the resolution of the World Health Assembly and the Global Action Plan on 

Antimicrobial Resistance. The challenge of antibiotic resistance is a complex global issue that 

requires international collaboration. Coordination and synergies among innovators, researchers, 

funders, and policymakers are necessary to handle the issue of antibiotic resistance (Eriksen et 

al., 2021). 

This hike in antibiotic consumption around the world and geographical convergence of 

consumption between the year 2000 and 2015 has contributed to the surge in antibiotic resistance. 

The global response to nearly untreatable infections that emerged and spread remains slow and 

inadequate (Klein et al., 2018). Other international efforts include the development of several 

initiatives aimed at combating antibiotic resistance. Among them are TATFAR, GARP, GHSA, 

the high-level United Nations meeting regarding AMR, the One Health Approach, and AMR 

Challenge 2018-2019. Each effort was established to create ideas of policy propositions, enhance 

health standards in the community, and unite global interventions toward halting the increase of 

antibiotics resistant strains (Domı́nguez et al., 2021). 

Polymyxins have become one of the most important last-line therapies against multidrug- 

resistant Gram-negative pathogens due to their resistance to most or all other antibiotic classes. 

However, the use of polymyxins is limited by nephrotoxicity and emergence of resistance, thus 

forming the basis for the development of polymyxin analogues with reduced toxicity and 

approaches to minimize emergence of polymyxin resistance (Quale et al., 2012). Though 

polymyxins like polymyxin B and colistin have resurfaced as treatments for infections of 

multidrug-resistant Gram-negative bacteria, including carbapenem-resistant pathogens, a 

significant concern is the rising rate of polymyxin resistance. Combination therapies, among 

others, which include the administration of polymyxin and vancomycin, have displayed 

synergistic effects against carbapenem- and polymyxin-resistant Klebsiella pneumoniae 

(Nwabor, 2023). 

 

 

10. Conclusion 

The main challenge in fighting infections by Mult resistant Gram-negative bacteria is resistance 

to polymyxins. Advanced resistance mechanisms require multifaceted solutions: novel 

antimicrobials, combination therapies, and advanced diagnostics. A new wave of adjuvants and
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non-antibiotic strategies, including nanoparticles and phage therapy, promises to increase 

polymyxin efficacy while minimizing resistance. Proper and comprehensive antimicrobial 

stewardship programs along with strong infection control practices will help to halt the horizontal 

spread of resistant strains in healthcare settings. Also, more rapid diagnostic tools like MALDI- 

TOF and molecular assays would help its detection in time with effective treatment. Host-based 

therapies like monoclonal antibodies also offer an armament against such infections. The urgent 

call is to continue research and cooperative worldwide support, with proper government policy 

backing, for combat against this growing polymyxin resistance crisis so as not to lose such 

extremely useful last alternatives to treat these high-risk patients with proper antimicrobial 

coverages. 
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