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A B S T R A C T 

Background: Bacteriophages are viruses that are used to destroy bacteria without 

harming host cells. As a result, it is thought that they can be used to treat bacterial 

infections alone or in conjunction with antibiotics. Pseudomonas aeruginosa, a 

multidrug-resistant bacterial pathogen, is one of the most prevalent infections in 

diabetic foot ulcers and has a high fatality rate. This bacterium produces a biofilm that 

causes recurring infections that are antibiotic-resistant and causes severe tissue 

damage with varying levels of severity. In this review, the role of bacteriophage 

therapy in diabetic foot ulcers, their advantages, limitation, and future perspectives 

will be discussed. The bacteriophage therapy to combat antibiotic-resistant bacteria is 

quite appealing, and some study data suggests that it could be a reasonable solution to 

overcome severe bacterial infections which cannot be treated by antibiotics. Some 

studies revealed that bacteriophage can be combined with antibiotics and used for 

effective treatment. However, phage therapy application in human treatment is scanty 

because the concurrent and underlying mechanism of this strategy is ambiguous 

among clinicians.  Additionally, there are still problems with how to create formulas 

for standardized and therapeutic use in bacterial control. More study that is specifically 

devoted to resolving these problems is necessary before bacteriophages can be used in 

humans. Bacteriophage therapy will be a better choice for treating diabetic foot ulcers 

once everything has been cleaned up, and the incidence of amputation can be 

decreased by bacteriophage therapy. 
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Introduction 

Diabetic foot ulcers are one of the most common 

consequences for those with poorly managed 

diabetes mellitus. The most frequent reasons include 

poor foot care, inadequate diabetic control, 

underlying neuropathy, and peripheral vascular 

disease[1]. Worldwide diabetes has reached 

epidemic proportions. According to the 

International Diabetes Federation (IDF), 425 

million people globally had diabetes in 2017, there 

would be 536.6 million adults with diabetes in 215 

nations and territories in 2021 with that number 

expected to climb to 783.2 million by 2045[2,3]. 

According to a comprehensive report that was 

released in 2017 found that 3% to 13% of people 

with diabetes globally had foot ulcers[1,4]. 

Compared to non-diabetic individuals, patients with 

diabetic foot ulcers are more likely to lose their legs, 

and also people with diabetes are more prone than 

non-diabetic patients to sustain foot injuries [5]. 

Several factors, including poor glycemic 

control, foot deformities, improper foot care, poorly 

fitting footwear, underlying peripheral neuropathy, 

poor circulation, dry skin, etc., are common 

underlying causes of diabetic foot ulcers. An 

ulcerated foot eventually develops in about 60% of 

diabetics who have neuropathy. Individuals with a 

flat foot are more likely to develop a foot ulcer 

because they experience excessive stress across the 

foot, which causes tissue inflammation in high-risk 

areas [1]. 

A diabetic ulcer normally progresses in 

three phases. The formation of a callus is the first 

step. Neuropathy is the cause of the callus. Sensory 

neuropathy produces sensory loss, which leads to 

continuing trauma, whereas motor neuropathy 

causes physical deformities of the foot. Another 

significant reason is skin drying caused by 

autonomic neuropathy. Finally, repeated stress to 

the callus causes subcutaneous bleeding, which 

leads to the callus eroding and becoming an ulcer 

[6]. 

There have been 12 indications of diabetic 

foot ulcers clinically reported. Inflammation causes 

heat, erythema, edema, and pain. Inflammation and 

purulent discharge are recognized as classic 

indicators of infection, which have historically been 

linked to wound infection. Seriously delayed 

healing, exudate, discolored granulation tissue, 

friable granulation tissue, bad odor, pocketing of the 

wound base, and disintegration are all considered 

signs of diabetic foot ulcer [7]. 

The following are some of the diabetic foot 

ulcer risk factors: Peripheral vascular disease, 

diabetic nephropathy in patients receiving dialysis, 

history of a foot ulcer, anatomic foot deformity, poor 

glycemic control, smoking, and previous lower 

extremity amputation [8]. 

Those with foot ulcers had a 2.5-fold 

increased chance of passing away within five years 

than those without foot ulcers [9]. 

Diabetes patients who develop foot ulcers 

will have a severe problems because there aren't any 

new medicines being created due to the rise in 

antimicrobial resistance. This could result in 

mortality or catastrophic morbidity like an 

amputation. To overcome this issue, we need a new 

antibiotic or any other therapy [10]. Due to 

antimicrobial resistance, some researchers suggest 

bacteriophage therapy to treat diabetic foot ulcers 

[11]. Phage therapy can be utilized to prevent the 

biofilm formation of Pseudomonas aeruginosa (P. 

aeruginosa( in diabetic foot ulcers [12]. The 

prevalence of P. aeruginosa in diabetic foot ulcers 

according to two studies is 18.79% [4,13]. 

A virus known as a bacteriophage or phage 

infects and reproduces within bacteria and archaea. 

Bacteriophages are among the biosphere’s most 

abundant and varied organisms [14,15]. 

In former Central Europe, the Soviet 

Union, and France, phages have been employed as 

an alternative to antibiotics since the late twentieth 

century [16]. 

Phage therapy is used first for the treatment 

of bacterial dysentery by Felix d herelle, but he did 

not publish his results. For this achievement, he is 

known as the father of bacteriophage [17]. The first 

published application of phage therapy by Richard 

Bruynoghe and Joseph Maison for treating 

Staphylococcal skin disease [18]. With the success 

of bacteriophage, preclinical studies in animals 

[19,21] researchers are prompted to investigate 

bacteriophage therapy on antimicrobial-resistant 

bacteria [22]. 

In addition, various new non-antibiotic 

treatment techniques for killing antibiotic-resistant 

P. aeruginosa strains have been identified in recent 

investigations. Some of the methods include quorum 

sensing inhibition, bacterial lectin treatment, phage 

therapy, nanoparticles, immunization approach, iron 

chelation, antimicrobial peptides, and 
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electrochemical scaffolds. These therapeutic 

techniques can be employed as a stand-alone 

treatment or in conjunction with traditional 

antibiotics [23]. 

The resistance of bacteria in diabetic foot 

ulcers increasing day by day due to genetic changes 

and improper treatment. Many people with diabetes 

develop diabetic foot ulcers with MDR or PDR 

infections and are unable to be treated with 

antibiotics, these sores can become serious and 

necessitate amputation. I am writing this review in 

the sense aware patients and clinicians improperly 

treating DFU (Diabetic foot ulcer) and the bacterio- 

phage therapy importance in diabetic foot ulcers. 

There are lots of microorganisms that play a major 

role in diabetic foot ulcers. Pseudomonas 

aeruginosa is one of the pathogens included in the 

ESKAPE group, so  I have chosen it for this review. 

The bacteriophage treatment for P. aeruginosa in 

diabetic foot ulcers is the main theme of this review. 

Role of Pseudomonas aeruginosa in diabetic foot 

ulcer 

Over the last 25 years, several research has 

been published on the bacteriology of diabetic foot 

infection, but the results have been mixed and often 

contradictory [24]. In the last few years, the 

prevalence of ESBL (Extended-spectrum beta-

lactamase) and carbapenems-producing bacteria are 

increased in diabetic foot ulcers [25].  

Pseudomons aeruginosa causes frequent 

tissue damage in diabetic foot ulcers and it may lead 

to severe infections because of is highly resistant to 

broad-spectrum antibiotics and its resistance leads to 

severe infections. The pathogenicity of 

Pseudomonas aeruginosa is identified by toxins that 

produce an ability to resist phagocytosis [26]. 

In one of the studies, researchers said that 

the gram-negative organism P. aeruginosa (22%) is 

highly prevalent in diabetic foot ulcers compared to 

other organisms [9]. 

Another study revealed that the common 

isolate was P. aeruginosa (16%) [27]. 

In 2017 study revealed that 19% of P. 

aeruginosa prevalent in diabetic foot ulcer patients 

[28]. There is also another study conducted in 2017, 

in this study the prevalence of Pseudomonas they 

reported as 11.3% [29]. 

Antibiotic resistance of Pseudomonas aeruginosa 

Many antibiotics are ineffective against P. 

aeruginosa, although meropenem, ceftazidime, 

imipenem, amikacin, gentamicin, ciprofloxacin, 

piperacillin coupled with tazobactam and 

tobramycin are effective. Resistance patterns for 

important antimicrobial drugs remained largely 

unchanged between 2015 and 2016, with slight 

declines in resistance to gentamycin (4 percent to 3 

percent) and tobramycin (4 percent to 3 percent). 

Over the same period, resistance to imipenem (9 

percent to 11 percent), amikacin (1 percent to 2 

percent), and piperacillin-tazobactam (6 percent to 7 

percent) increased [5,13,30]. 

The three main ways that P. aeruginosa 

evades antibiotic attack are acquired, intrinsic, and 

adaptive resistance. Pseudomonas aeruginosa’s 

intrinsic resistance is characterized by low outer 

membrane permeability, the evolution of efflux 

pumps that expel drugs from the cell, and the 

creation of enzymes that inhibit antibiotic action. 

Resistance genes can be transferred horizontally or 

mutationally to create P. aeruginosa-acquired 

resistance [31]. Pseudomonas aeruginosa adaptive 

resistance includes the production of biofilm in the 

lungs of infected people, which acts as a diffusion 

barrier, limiting antibiotic access to the bacterial 

cells [32]. As a result, biofilms play an important 

role in antibiotic resistance of P.aeruginosa. 

Intrinsic and acquired antibiotic resistance 

mechanisms have elevated the frequency of MDR 

(Multi-drug resistant) strains in recent years, 

although there are no completely effective 

medicines available to combat this bacterium. The 

researchers are seeking innovative strategies to stop 

P. aeruginosa biofilms from growing on diabetic 

feet. One of the most important approaches for 

inhibiting P. aeruginosa biofilm formation is phage 

therapy [33]. 

Biofilm formation by Pseudomonas aeruginosa 

Pseudomonas aeruginosa is one of the 

crucial pathogens which can produce biofilm. 

Biofilm formation aids microorganisms in evading 

the immune system of the patient and increases drug 

resistance. A biofilm is a group of microorganisms 

established on a biotic or abiotic surface that 

consists of bacterial cells in an extracellular 

polymeric substance (EPS) comprised of teichoic 

acids, polysaccharides, extracellular DNA, and 

proteins [20]. Extracellular polymeric substance 

creates a thick, tissue-like substance that is 

challenging to remove from wounds within a 

biofilm. Biofilm-producing bacteria are 

considerably more resistant to antibiotics than 

planktonic bacteria3 complicating the treatment of 

biofilm-associated illnesses [34,35]. 
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The bacterial biofilm produces resistance 

to antibiotic therapy and is a significant barrier to 

treating biofilm-associated infections, which can 

hamper wound healing and result in chronic wounds 

that can lead to amputation or death. Because 

biofilm formation makes treating wound infections 

more difficult, numerous methods for controlling 

biofilm formation have been developed. These 

techniques render the biofilm-bound planktonic 

bacteria more susceptible to antibiotic treatment 

rather than killing the bacteria within the biofilm. 

One strategy for combating antibiotic-resistant 

biofilm-associated infections like those brought on 

by P. aeruginosa is the use of lytic phages, which 

have been demonstrated to efficiently infect and lyse 

both planktonic and biofilm forms of host bacteria 

[36]. 

Structure of phage 

Phages differ in size, intricacy, genetic 

material, and shape [37]. DNA that is either single 

or double-stranded makes up the genome. RNA 

organized in a circular or linear pattern and of 

extremely varying lengths. In G phage, the biggest 

phage sequenced to date, its size ranges from a few 

thousand base pairs to 498 kilobases (Kb) pairs 

[38,39]. 

The majority of bacteriophages consist of a 

protein tail with helical symmetry and an 

icosahedral head [39]. The capsid, which is made up 

of repetitive structural protein components and 

encloses the nucleic acid, forms the head. The 

nucleic acid is shielded by the capsid, which also has 

proteins that give identity to particular bacterial 

organisms [40]. The heterooligomer that links the 

head and tail and ensures genome release when the 

virion is attached to the recipient cell is called the 

neck. 

There is a basal plate at the distal end of the 

tail, to which tail fibers and spicules with proteins 

that can adhere to the membrane receptors of 

specific bacteria are connected [39]. The tail may 

display accessory structures like spicules, collars, 

lipid envelopes, or even a lack of an envelope, 

depending on its contractility and proportions [39]. 

Interactions between the host and the phage 

Through the process of adhesion, phages 

cling to the bacterium’s surface. Bacteria have 

defense systems that prevent the phage from 

adhering to the surface; however, phages can modify 

their binding proteins to conform to the receptor 

[41]. 

Due to a variety of polysaccharides, 

extracellular components, and other biofilm-

forming elements, Pseudomonas species have a high 

potential for biofilm development. Phages can 

control the expression of cell receptors to avoid 

superinfection with other phages after an infection. 

Phages adhere to their target and then transfer their 

DNA into the recipient cell. Many bacteria do, 

however, produce restriction endonucleases to sever 

foreign DNA and stop phage invasion. To protect 

their DNA from breakage by restriction 

endonucleases, the phages in turn evolved anti-

restriction methods [42]. 

The CRISPR-Cas System, which functions 

as an adaptive bacterial defense system, is an 

alternative antiviral mechanism that defends the host 

by degrading alien DNA. 

When a virus infects a bacteria, the 

CRISPR-Cas system is triggered. Enzymes (Cas) 

recognise the exogenous DNA and break up parts of 

it to introduce into a particular genomic area of the 

organism known as the CRISPR locus. The bacteria 

that have these fragments of virus DNA introduced 

into the CRISPR locus produce an RNA from this 

sequence during subsequent viral infections. This 

RNA will join the Cas enzyme and travel to the viral 

DNA, where it will break and inactivate the virus 

[43]. 

Isolation of bacteriophage 

The bacteriophage preparation was done 

by taking three sewer samples from waste water and 

examined for phage prevalence. After the samples 

were centrifuged and cleaned, they were put into a 

conical flask filled with nutrient broth and 

contaminated with the test bacteria, which included 

Staphylococcus aureus, P.aeruginosa, Klebsiella 

variicola, Escherichia coli, and Proteus mirabilis 

(OD600=0.4-0.6). Flasks were kept for 24 hours at 

37 °C with 100 rpm stirring before being centrifuged 

at 6000 g for 10 minutes. To eliminate any potential 

bacterial organisms, the supernatant of each sample 

was filtered through a 0.45-m cellulose acetate 

syringe filter and kept at 4 °C. The phages' obtained 

crude lysate was assessed subjectively by spot test 

and numerically by plaque assay and represented as 

plaque-forming units (PFU/ml). Transmission 

microscopy will be done to test the morphological 

properties of the phage at 80KV [44]. 

The therapeutic ability of phage towards 

MDR pathogens was done by using treat the infected 

foot of mice with the prepared phage [44]. 
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Bacteriophage therapy on diabetic foot ulcer 

Bacteriophage (phage) treatment has 

recently been proposed as a possible alternative to 

antibiotics against MDR and has fewer adverse 

effects [45]. Phages will act to prevent the 

production of biofilms in addition to lysing bacterial 

pathogens. Furthermore, phages can infiltrate the 

deeper levels of the biofilm and disintegrate it by 

inducing or generating polysaccharide 

depolymerase [46]. Because phage has a preventive 

effect against biofilm, we can use antibiotics in 

combination with phage treatment when biofilm 

development prevents phage, an antibiotic can enter 

the infected location readily. 

Bacteriophages are under two categories 

temperate and lytic [47]. The phages attached to the 

targeted host in the case of lytic phages release their 

genetic material into the host and it along replicates 

with the host DNA and subsequently disseminates 

through host lysis to infect more hosts, repeating the 

infection cycle. Mostly lytic bacteriophages are used 

for therapeutical purpose because it leads to killing 

more rapidly than temperate phage[48].  

A combination of two or more 

bacteriophages can successfully treat the MDR 

Pseudomonas spp and these types of combinations 

of bacteriophages are termed bacteriophage 

cocktails. In one research, they used various 

mixtures of phages either concurrently or 

consecutively to test single- and multiphage therapy 

against P. aeruginosa PAO1 in vitro. In terms of 

lowering bacterial population density, simultaneous 

application reliably outperformed sequential 

application across a range of phage combinations, 

and there was no significant difference (on average) 

in terms of decreasing resistance. In all experimental 

conditions, phage-resistant bacteria developed and 

suffered substantial fitness costs, as shown by their 

slower growth rate in the lack of phages. Finally, 

phage therapy prolonged the lives of P. aeruginosa-

infected wax moth caterpillars, with a phage cocktail 

being the most successful short-term remedy. 

Throughout the study, 96-well microplates 

containing P. aeruginosa PAO1 were maintained at 

37°C in 200 l of liquid King's medium B (KB). 

Using a set amount of phages each time, they added 

14/1, KZ, PNM, and PT7 phages to bacterial 

cultures. By growing wild-type PAO1 from frozen 

stock for an entire night in liquid KB medium, phage 

stock solutions were created. Phages were then 

chloroformed, centrifuged, and stored at 4°C after 

being purified from bacteria. Because of this, phage 

stock solutions were roughly at the same abundance 

as they would be in a stationary-phase culture of 

ancestor bacteria. By dilution and plating three 

separate stock solutions of each phage onto lawns of 

PAO1, the following PFU per ml amounts for each 

phage were calculated (means ± standard deviations 

[SE]): 14/1, 5.9 × 108 ± 1.8 × 107; ΦKZ, 3.1 × 108 ± 

9 × 106; PNM, 2.1 × 108 ± 7.1 × 107; and PT7, 1.1 × 

109 ± 1.5 × 108 [49]. 

By promoting the creation of enzymes such 

as polysaccharide depolymerase, bacteriophage 

cocktails may readily infiltrate the P. aeruginosa 

biofilm and disrupt its structure[50,51] 

Polysaccharide depolymerase, a bacteriophage-

encoded polysaccharide hydrolase, may specifically 

destroy the host bacterial envelopes of 

macromolecule carbohydrates. This enzyme aids 

bacteriophage adsorption, invasion, and 

disintegration of the host bacterium [52]. At the end 

of the lytic cycle, bacteriophages produce 

endolysins a peptidoglycan hydrolases enzyme. 

They help to create new offspring phages to release 

from the cell by decomposing peptidoglycan from 

inside [53]. Because of their significant antibacterial 

activity, endolysins are frequently recommended as 

antibacterial agents. Specific antibacterial activity 

and a one-of-a-kind method of action of endolysin 

activity are unaffected by antibiotic susceptibility 

patterns [54,55]. 

According to one study, bacteriophages 

can genetically modify cells to produce quorum 

quenching (QQ) lactonase, which prevents P. 

aeruginosa from forming biofilms by hydrolyzing 

acyl-homoserine lactones (AHL) and suppressing 

quorum sensing (QS) activity [56]. This will aid in 

the avoidance of antimicrobial resistance and 

appropriate treatment. 

Bacteriophage therapy on medical importance 

Several papers on phage treatment in 

humans have been published in the worldwide 

literature, with the bulk of recent publications 

coming from researchers in the former Soviet Union 

and eastern Europe, and only a few reports [57,58] 

coming from other nations. 

Researchers looked at a group of virulent 

Staphylococcal phages that attacked practically all 

strains of Staphylococcus aureus, including the 

majority of Methicillin-resistant Staphylococcus 

aureus (MRSA) strains. They provide a case series 

evaluating the efficacy of utilizing topically applied 

Staphylococcus aureus- specific phage to treat 
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infected and poorly vascularized toe ulcers with 

exposed bone following the failure of conventional 

antibiotic treatment. As a result of this study the 

infected bone debridement, all infections responded 

to the phage treatments, and the ulcers healed in an 

average of seven weeks. Finally, they concluded 

their study as poor vascularity and antibiotic failure, 

topical administration of a staph mono-phage 

preparation can be used effectively to treat infected 

toe ulcers with bone involvement [59]. 

One of the studies showed how well phages 

(anti-k1) could treat mice with E. coli infections in 

an experimental setting. In vivo and in vitro 

experiments with E. coli, anti-K1 phages are more 

active. A single anti-k 1 phage dosage has been 

demonstrated to be more effective than many 

intramuscular doses of tetracycline, ampicillin, 

chloramphenicol, or trimethoprim with 

sulphafurazole. All animals are given phage therapy 

to recover from the bacterial infection, and the 

treatment also stopped the associated fluid loss [60]. 

Bacteriophage therapy against P.aeruginosa 

Recent in vitro research has evaluated the 

effectiveness of phages against P. aeruginosa, 

including multiresistant isolates [61]. 

Because of the microorganism's significant 

role in employing bacteriophages to suppress 

Pseudomonas aeruginosa in nosocomial infections 

with great antibiotic resistance, bacteriophages that 

target the Pseudomonas species were first 

discovered in the middle of the 20th century [62,63]. 

The majority of the 137 sequenced phages 

that have been found to target P. aeruginosa are 

members of the class Caudovirales [64]. 

The outcome of the first clinical trial of P. 

aeruginosa-specific phage treatment was 

announced at the start of 2019. In this research, burn 

victims were treated with a cocktail of anti-P. 

aeruginosa phages. The results of the test suggested 

that using pre-selected stutterers might not be the 

best option. Some P. aeruginosa strains won't be 

vulnerable to the phages used or will develop 

resistance to them very rapidly. Phage cocktail 

formulation must be personalized in order for phage 

treatment to be successful [65]. 

In one trail, nine patients with severe burns 

colonised by multidrug-resistant P.aeruginosa and 

Staphylococcus aureus were treated with a BFC-1 

phage cocktail and get cured [66] . 

In mice and Guinea pigs infected with P. 

aeruginosa and Acinetobacter, several 

investigations revealed that phages were successful 

in preventing and treating experimental disease. 

They also suggested that phages may help to prevent 

infections of skin grafts used to heal burn patients. 

A scaled-up version of Adam’s enrichment 

approach was used to extract phages in -vitro 

activity and was measured in shaken broth cultures 

using a technique developed by smiths [67.69]. 

Staphylococcal lung infections [70]  P. 

aeruginosa infections in cystic fibrosis patients [71] 

eye infections [72] newborn sepsis [73] urinary tract 

infections [74] and surgical site infections [75] have 

all been reported to be treated successfully using 

phages.   

Engineered bacteriophages are useful tools 

for diagnosing, controlling, and treating pathogens. 

Synthetic genome rebooting enables quick, non-

selection-based phage engineering and manufacture. 

This method allows for comprehensive and 

unlimited genome creation and editing, including 

large rearrangements, hybrid phages, and even 

completely customized genomes. Rev2L L-forms 

are used to reactivate viruses infecting Bacillus, 

Staphylococcus, and presumably other Gram-

positive hosts in addition to rebooting Listeria phage 

genomes. As a result, the synthetic platform is 

universally applicable and does not necessitate the 

use of any extra specialist strains for the creation of 

recombinant phages[76,77]. 

This study showed that the combination of 

bacteriophages and antibiotics helped to limit MDR 

P. aeruginosa biofilm in individuals with type 2 

diabetes mellitus who were also diagnosed with 

recurrent right knee periprosthetic joint infection 

and chronic osteomyelitis. In this patient, 

bacteriophage was given locally after surgery and 

then applied once for eight hours for five days. 

According to findings from isothermal 

microcalorimetry, bacteriophages can help destroy 

biofilm. Pre-treating P. aeruginosa with phages 

eight hours before being exposed to colistin showed 

the most notable reduction of biofilm biomass. The 

sickness in question was effectively treated in this 

case by combining the use of phage, surgery, and 

conventional antibiotics[78]. 

Studies have demonstrated that the use of 

bacteriophages like M-1, which were isolated from 

wastewater to remove biofilms formed by MDR 

isolates of P. aeruginosa, is a potential method for 

617



Sasi A et al. / Microbes and Infectious Diseases 2024; 5(2): 612-624

removing biofilms. After 6 hours of treatment, the 

findings demonstrated that the bacteriophage MA-1 

lowered biofilms and slowed P. aeruginosa 

development. The fact that bacteriophage may break 

down alginate polymers through an enzymatic 

process and even remove the 20-day biofilm created 

by P.aeruginosa [79]. 

Another investigation examined how the 

phages PB1. PhiKZ and LUZ24 impacted MDR P. 

aeruginosa under various growth conditions. The 

findings showed that each phage could suppress 

both the planktonic and biofilm forms of MDR 

isolates. The most effective phages at suppressing 

planktonic form were those that resembled phiKZ 

viruses. Additionally, the LUZ24-like phage was the 

most successful phage in destroying the biofilm of 

isolates that were resistant to antibiotics. 

Additionally, the combined effect of the three 

phages or cocktails was stronger than the effects of 

the individual phages. However, a high-volume 

phiKZ-like phage had the least detrimental effects 

on the biofilm. The LUZ24-like phage, on the other 

hand, had a considerable impact on biofilm 

disintegration. Additionally, it has been suggested 

that phages may not have a significant effect on 

high-density biofilms. However, they can prevent 

the accumulation and subsequent spread of biofilms 

by inhibiting migratory microorganisms [80]. 

In one study, P. aeruginosa biofilms from 

patients with chronic rhinosinusitis were removed 

using the bacteriophage Pa193, Pa204, Pa222, and 

Pa223. After 24 and 48 hours of treatment, they 

found that a single dosage of these phages, both by 

themselves and in cocktail form, greatly decreased 

the rate of biofilm development. The biofilms of the 

isolates were decreased by individual phages by 

53%-73%, however the phage cocktail boosted its 

effectiveness on the biofilms by 89%. They also 

suggested that the use of cocktail phages increased 

activity by broadening the host range and prevented 

the emergence of mutant bacteria that were resistant 

to bacteriophages [81]. 

In a 2017 study, they saw the isolation of 

bacteriophage AZ1 and testing of its anti-biofilm 

functionality against MDR P. aeruginosa. The 

outcomes supported the suppressive and damaging 

activity of phage AZ1 against planktonic and 

biofilm cells of P. aeruginosa. Researchers 

hypothesized that natural phages' mode of action 

was to pierce the biofilm; however, full elimination 

might call for a mix of phages [82]. 

Another research looked into how 

bacteriophages vB-Pa4 and vB-Pa5 affected MDR 

P. aeruginosa biofilm development. The findings 

indicated that bacteriophages almost completely 

stopped biofilm formation and also partly destroyed 

pre-formed biofilms. In an in vitro research, 

Ahiwale et al. looked into the use of native BVPaP-

3 phage to manage biofilm generated by antibiotic-

resistant P. aeruginosa. It was discovered that the 

T7-like lytic phage (BVPaP-3) could prevent P. 

aeruginosa hospital strains from forming biofilms. 

Additionally, it was successful in dispersing all 

isolates' pre-made biofilms after 24 hours [83]. 

Acinetobacter baumanni, Klebsiella 

pneumoniae, P. aeruginosa, and E.coli were among 

the MDR gram-negative bacteria that were 

significantly affected by the phage endolysin, 

LysPA26 in another study that tested it against 

planktonic form and P. aeruginosa biofilm. The 

phages also successfully eliminated P.aeruginosa 

biofilm. Interestingly, the results demonstrated that 

LysPA26, by altering the outer membrane under 

100°Cheat treatment, has strong antibacterial 

activity against isolates of P. aeruginosa. LysPA26 

degrades biofilms in a concentration-dependent 

way, although the mechanism by which it does so is 

yet unknown [84]. 

Based on the aforementioned findings, it 

can be said that discovering novel phages can be a 

great antimicrobial agent substitute for treating 

MDR P.aeruginosa biofilm and may even 

completely remove infections brought on by 

P.aeruginosa. The results of invitro studies can help 

phages be used more frequently to treat nosocomial 

MDR P. aeruginosa infections. The use of 

bacteriophage mixtures or cocktails can improve 

antibiofilm effectiveness and reduce bacteriophage 

resistance [85]. 

Bacteriophage and antibiotics combination 

therapy  

There has been a lot of interest in 

combining other compounds with antibiotics to 

improve their efficiency against MDR bacteria[85]. 

In order to increase the permeability of the biofilm 

and eliminate the EPS, several chemicals can be 

used. Additionally, bacteriophages have been shown 

in earlier research to improve antibiotic performance 

in biofilms [78]. 

In a study, P. aeruginosa biofilms isolated 

from wounds and cystic fibrosis patients were 

inhibited using phage PEV20 and ciprofloxacin. In 
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comparison to a single dose of ciprofloxacin, the 

results demonstrated that a combination of 

antibiotics and phage therapy improved biofilm 

eradication. Because they have little metabolic 

activity and little of this antibiotic penetrates the 

biofilm, the bacteria on the inner layers of the 

biofilm may be the source of this phenomenon. 

When bacteriophages break down the extracellular 

matrix, the bacteria in the inner layers of the biofilm 

become subjected to nutrients and oxygen and are 

metabolically active. The antibacterial properties of 

ciprofloxacin and phage may result from this [86]. 

In a similar investigation, the biofilm of 

several isolates of P. aeruginosa was eliminated 

with a combination of ciprofloxacin and the 

bacteriophages 175-B1 (Pa1),  ATCC 14, 203-

B1(Pa2), ATCC 12, and 205- B1(Pa11),ATCC 14. 

The findings demonstrated that bacteriophages 

functioned better when combined with antibiotics 

than when used alone because they had a more 

inhibitory effect on biofilm. Because it appears that 

phages can proliferate to a higher extent in the vast 

bacterial population when added before antibiotic 

therapy than when added after, using phages before 

antibiotics has the best inhibitory impact on the 

biofilm [87]. 

Advantages and limitations of bacteriophage 

therapy 

Antibiotics are substantially less effective 

than bacteriophages because, while certain 

antimicrobial medications have a broad spectrum of 

activity and kill all bacterial species. The most 

appealing feature of bacteriophages is the specificity 

of action or their ability to destroy the suspected 

pathogens that they identify and it will multiply only 

in the target bacteria and cannot infect mammalian 

cells; bacteriophages are much safer and better 

tolerated [88,89]. 

Furthermore, the administration is simpler 

since bacteriophages do not require many doses over 

several days, as is customary with antibiotics, 

because they may stay in the human body for quite 

extended periods, up to several times [90]. 

Limitations of antibiotic treatment can be 

overcome by engineered bacteriophages. The 

evidence is that bacteriophages can disperse biofilm, 

an extracellular polymeric substance that makes 

infections difficult to remove with normal antibiotic 

therapy even when bacteria are responsive to the 

delivered medicine. Lu and Collins designed a 

bacteriophage against an E. coli-generating biofilm 

to express a biofilm-degrading enzyme in in-vitro 

research [91]. 

There are very little data on the use of 

bacteriophages to treat bacterial illness in humans. It 

is extremely difficult to find a therapeutic 

bacteriophage. The first is to isolate bacteriophages, 

which are usually done from wastewater or sewage. 

This is a reasonably simple process, but there are 

some variances between the various bacterial 

pathogens [92]. 

Furthermore, the bacteriophage genome 

must be sequenced and must not contain integrase 

genes, antibiotic-resistant genes, genes for phage-

encoded toxins, or other bacterial virulence factors, 

as in the lysogenic type. Finally, issues relating to 

the formulation and stability of pharmacological 

formulations for clinical use are still a work in 

progress. In this regard, investigations appear to 

imply that the stability of therapeutic preparations is 

strictly bacteriophage dependent, and stabilization 

procedures should be tailored for each 

bacteriophage independently. This might result in 

expensive and time-consuming clinical studies, 

discouraging the pharmaceutical sector from 

beginning research and development of human-use 

medicines [12,93]. 

Future perspectives 

Phages can be used for a variety of 

purposes including disease diagnosis through phage 

typing, prevention by phage vaccination, and 

treatment by phage therapy. Humans also get benefit 

from phages in a variety of ways. It would be simple 

to cure a wide range of bacterial diseases that are 

resistant to all-generation antibiotics by creating a 

cocktail of phages. 

In a time of rising multidrug resistance and 

a declining supply of new chemical antibiotics, 

bacteriophage therapy is a rapidly developing field 

with unproven potential for treating infections 

caused by resistant bacteria. To properly assess the 

potential of phage medications, the scientific 

community’s discoveries, as well as long-term 

experience with phage treatment in some areas of 

the world, must be used to develop and test novel 

phage therapies that best answer for the treatment of 

antibiotic-resistant diabetic foot ulcers. Through this 

proper and better treatment can give to patients and 

can avoid disastrous morbidity like amputation. 

Conclusion 

Biofilm formation in the infected location 

is the primary source of antimicrobial resistance. 
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Antibiotics cannot reach the affected region because 

of the biofilm. Bacteriophages can be utilized to get 

rid of the biofilm, making therapy more successful. 

In diabetic foot ulcers, P. aeruginosa is an invasive 

bacterium that commonly causes serious tissue 

damage and severe infections. Due to the emergence 

of multi-drug-resistant P. aeruginosa, foot ulcer 

treatment became tough. In recent research, they 

identified as bacteriophage treatment can destruct 

P.aeruginosa. The use of bacteriophages to combat 

antibiotic resistance is appealing, and some study 

data suggests that it could be a reasonable solution. 

However, current information does not appear to be 

adequate to permit the use of bacteriophages for the 

treatment of diabetic foot ulcers in humans. To 

present, there are just a few well-designed clinical 

trials particularly designed to test bacteriophages’ 

effectiveness. Furthermore, the issues of how to 

develop formulations for standardized and clinical 

usage in bacterial control remain unsolved. Before 

bacteriophages may be utilized in people, more 

research especially committed to solving these 

issues is required. 

Once the shortcomings of the therapeutic 

uses of bacteriophage have been successfully 

addressed, MDR, XDR, or PDR pathogens can be 

readily eliminated through bacteriophage therapy in 

diabetic foot ulcer patients. 

Conflicts of interest: Nil. 

Financial disclosure: None 

References 

1. Zhang P, Lu J, Jing Y, Tang S, Zhu D, Bi Y. Global

epidemiology of diabetic foot ulceration: a

systematic review and meta-analysis†. Ann Med.

2017;49(2):106-116.

doi:10.1080/07853890.2016.1231932

2. Cho NH, Shaw JE, Karuranga S, et al. IDF

Diabetes Atlas: Global estimates of diabetes

prevalence for 2017 and projections for 2045.

Diabetes Res Clin Pract. 2018;138:271-281.

doi:10.1016/j.diabres.2018.02.023

3. Sun H, Saeedi P, Karuranga S, et al. IDF Diabetes

Atlas: Global, regional and country-level diabetes

prevalence estimates for 2021 and projections for

2045. Diabetes Res Clin Pract. 2022;183.

doi:10.1016/j.diabres.2021.109119

4. Mariam TG, Alemayehu A, Tesfaye E, et al.

Prevalence of Diabetic Foot Ulcer and Associated

Factors among Adult Diabetic Patients Who Attend

the Diabetic Follow-Up Clinic at the University of

Gondar Referral Hospital, North West Ethiopia,

2016: Institutional-Based Cross-Sectional Study. J 

Diabetes Res. 2017;2017. 

doi:10.1155/2017/2879249 

5. Shahi SK, Kumar A. Isolation and genetic analysis

of multidrug resistant bacteria from diabetic foot

ulcers. Front Microbiol. 2016;6(JAN).

doi:10.3389/fmicb.2015.01464

6. Armstrong DG, Boulton AJM, Bus SA. Diabetic

Foot Ulcers and Their Recurrence. New England

Journal of Medicine. 2017;376(24):2367-2375.

doi:10.1056/nejmra1615439

7. Criteria for Identifying Wound Infection.

8. Lipsky BA, Berendt AR, Cornia PB, et al. 2012

infectious diseases society of America clinical

practice guideline for the diagnosis and treatment

of diabetic foot infections. Clinical Infectious

Diseases. 2012;54(12). doi:10.1093/cid/cis346

9. Ouyang W, Jia Y, Lingli J. Risk Factors of Diabetic

Foot Ulcer in Patients with Type 2 Diabetes: A

Retrospective Cohort Study. Vol 13.; 2021.

www.ajtr.org.

10. Furfaro LL, Payne MS, Chang BJ. Bacteriophage

Therapy: Clinical Trials and Regulatory Hurdles.

Front Cell Infect Microbiol. 2018;8.

doi:10.3389/fcimb.2018.00376

11. Patel DR, Bhartiya SK, Kumar R, Shukla VK, Nath

G. Use of Customized Bacteriophages in the

Treatment of Chronic Nonhealing Wounds: A

Prospective Study. International Journal of Lower

Extremity Wounds. 2021;20(1):37-46.

doi:10.1177/1534734619881076

12. Flemming HC, Wingender J. The biofilm matrix.

Nat Rev Microbiol. 2010;8(9):623-633.

doi:10.1038/nrmicro2415

13. Bansal E, Garg A, Bhatia S, Attri AK, Chander J. I

N D I A N J O U R N A L O F P A T H O L O G Y

A N D M I C R O B I O L O G Y-5 1 ( 2 ) , A P R

I L-J U N E 2 0 0 8 Spectrum of Microbial Flora in

Diabetic Foot Ulcers. http://www.ijpmonline.org.

14. Laura M. Kasman; La Donna Porter. 

Bacteriophages. Statpearls. September 2021.

15. McGrath S; SD van. Bacteriophage: Genetics and

Molecular Biology. (McGrath S, Sinderen D van,

eds.). Caister Academic Press; 2007.

16. Sundaram S. Prospects of Bacteriophage Therapy

in Modern Medicine.; 2009. 

https://www.researchgate.net/publication/2818883

51.

17. Adesanya O, Oduselu T, Akin-Ajani O, Adewumi

OM, Ademowo OG. An exegesis of bacteriophage

therapy: An emerging player in the fight against

anti-microbial resistance. AIMS Microbiol.

2020;6(3):204-230.

doi:10.3934/microbiol.2020014

18. william c. summers. Felix d’ Herelle and the

Orgins of Molecular Biology . (william c.

620



Sasi A et al. / Microbes and Infectious Diseases 2024; 5(2): 612-624

summers, ed.). London : Yale university press; 

1999. 

19. Effectiveness of Phages in Treating Experimental

Escherichia Coli Diarrhoea in Calves, Piglets and

Lambs. Vol 129.; 1983.

20. Smith HW, Shaw NM. Factors Influencing the

Survival and Mu1 Tiplica Tion of Bacteriophages

in Calves and in Their Environment. Vol 133.;

1987. 

21. Abdelkader K, Gerstmans H, Saafan A, Dishisha T,

Briers Y. The preclinical and clinical progress of

bacteriophages and their lytic enzymes: The parts

are easier than the whole. Viruses. 2019;11(2).

doi:10.3390/v11020096

22. Sulakvelidze A, Alavidze Z, Morris J.

Bacteriophage therapy. Antimicrob Agents

Chemother. 2001;45(3):649-659.

doi:10.1128/AAC.45.3.649-659.2001

23. Chatterjee M, Anju CP, Biswas L, Anil Kumar V,

Gopi Mohan C, Biswas R. Antibiotic resistance in

Pseudomonas aeruginosa and alternative

therapeutic options. International Journal of

Medical Microbiology. 2016;306(1):48-58.

doi:10.1016/j.ijmm.2015.11.004

24. Citron DM, Goldstein EJC, Merriam CV, Lipsky

BA, Abramson MA. Bacteriology of moderate-to-

severe diabetic foot infections and in vitro activity

of antimicrobial agents. J Clin Microbiol.

2007;45(9):2819-2828. doi:10.1128/JCM.00551-

07 

25. Colosi IA, Baciu AM, Opriș RV, et al. Prevalence

of esbl, ampc and carbapenemase-producing

enterobacterales isolated from raw vegetables

retailed in romania. Foods. 2020;9(12).

doi:10.3390/foods9121726

26. Sivanmaliappan TS, Sevanan M. Antimicrobial

susceptibility patterns of pseudomonas aeruginosa

from diabetes patients with foot ulcers. Int J

Microbiol. 2011. doi:10.1155/2011/605195

27. Zubair M, Malik A, Ahmad J. Clinico-Bacteriology

and Risk Factors for the Diabetic Foot Infection

with Multidrug Resistant Microorganisms in North

India. Vol 2.; 2010. www.biolmedonline.com.

28. Kalshetti VT, Wadile R, Bothikar S, Ambade V,

Bhate V, Professor A. Study of fungal infections in

diabetic foot Ulcer. Indian J Microbiol Res.

2017;4(1):87-89. doi:10.18231/2394-5478

29. Malepati S, Vakamudi P, Kandati J, Satish S.

Bacteriological study of diabetic foot ulcer

according to Wagner’s classification: a one-year

study. International Surgery Journal.

2017;5(1):98. doi:10.18203/2349-

2902.isj20175534

30. Ciofu O, Tolker-Nielsen T. Tolerance and

resistance of pseudomonas aeruginosabiofilms to

antimicrobial agents-how P. aeruginosaCan escape

antibiotics. Front Microbiol. 2019;10(MAY). 

doi:10.3389/fmicb.2019.00913 

31. Braz VS, Furlan JPR, Fernandes AFT, Stehling

EG. Mutations in NalC induce MexAB-OprM

overexpression resulting in high level of aztreonam

resistance in environmental isolates of

Pseudomonas aeruginosa. FEMS Microbiol Lett.

2016;363(16). doi:10.1093/femsle/fnw166

32. Drenkard E. Antimicrobial resistance of

Pseudomonas aeruginosa biofilms. Microbes

Infect. 2003;5(13):1213-1219.

doi:10.1016/j.micinf.2003.08.009

33. Ma L, Conover M, Lu H, Parsek MR, Bayles K,

Wozniak DJ. Assembly and development of the

Pseudomonas aeruginosa biofilm matrix. PLoS

Pathog. 2009;5(3).

doi:10.1371/journal.ppat.1000354

34. Savage VJ, Chopra I, O’Neill AJ. Staphylococcus

aureus biofilms promote horizontal transfer of

antibiotic resistance. Antimicrob Agents

Chemother. 2013;57(4):1968-1970.

doi:10.1128/AAC.02008-12

35. Nikolich MP, Filippov AA. Bacteriophage therapy:

Developments and directions. Antibiotics.

2020;9(3). doi:10.3390/antibiotics9030135

36. Donlan RM. Preventing biofilms of clinically

relevant organisms using bacteriophage. Trends

Microbiol. 2009;17(2):66-72.

doi:10.1016/j.tim.2008.11.002

37. Keen EC. A century of phage research:

Bacteriophages and the shaping of modern biology.

BioEssays. 2015;37(1):6-9.

doi:10.1002/bies.201400152

38. Ganeshan, Hosseinidoust. Phage Therapy with a

focus on the Human Microbiota. Antibiotics.

2019;8(3):131. doi:10.3390/antibiotics8030131

39. White HE, Orlova E V. BIROn-Birkbeck

Institutional Research Online Bacteriophages:

Their Structural Organisation and Function.

40. Adriaenssens E, Brister JR. How to Name and

Classify Your Phage: An Informal Guide. Viruses.

2017;9(4):70. doi:10.3390/v9040070

41. Weigele P, Raleigh EA. Biosynthesis and Function

of Modified Bases in Bacteria and Their Viruses.

Chem Rev. 2016;116(20):12655-12687.

doi:10.1021/acs.chemrev.6b00114

42. Garneau JE, Dupuis MÈ, Villion M, et al. The

CRISPR/Cas bacterial immune system cleaves

bacteriophage and plasmid DNA. Nature.

2010;468(7320):67-71. doi:10.1038/nature09523

43. Bondy-Denomy J, Pawluk A, Maxwell KL,

Davidson AR. Bacteriophage genes that inactivate

the CRISPR/Cas bacterial immune system. Nature.

2013;493(7432):429-432.

doi:10.1038/nature11723

621



Sasi A et al. / Microbes and Infectious Diseases 2024; 5(2): 612-624

44. Ghanaim AM, Foaad MA, Gomaa EZ, et al.

Bacteriophage therapy as an alternative technique

for treatment of multidrug-resistant bacteria

causing diabetic foot infection. International

Microbiology. 2022. doi:10.1007/s10123-022-

00293-2

45. Chegini Z, Khoshbayan A, Taati Moghadam M,

Farahani I, Jazireian P, Shariati A. Bacteriophage

therapy against Pseudomonas aeruginosa biofilms:

A review. Ann Clin Microbiol Antimicrob.

2020;19(1). doi:10.1186/s12941-020-00389-5

46. Tan CAZ, Antypas H, Kline KA. Overcoming the

challenge of establishing biofilms in vivo: a

roadmap for Enterococci. Curr Opin Microbiol.

2020;53:9-18. doi:10.1016/j.mib.2020.01.013

47. Twort FW, Lond LRCP. PAPELES Y

DOCUMENTOS PARA LA HISTORIA DE LA

MICROBIOLOGIA AN INVESTIGATION ON

THE NATURE OF ULTRA-MICROSCOPIC

VIRUSES (1).

48. Kutter E, Raya R, Coffey A, Sulakvelidze A.

Bacteriophages: Biology and Applications.

49. Hall AR, De Vos D, Friman VP, Pirnay JP,

Buckling A. Effects of sequential and simultaneous

applications of bacteriophages on populations of

Pseudomonas aeruginosa in vitro and in wax moth

larvae. Appl Environ Microbiol.

2012;78(16):5646-5652.

doi:10.1128/AEM.00757-12

50. Hanlon GW. Bacteriophages: an appraisal of their

role in the treatment of bacterial infections. Int J

Antimicrob Agents. 2007;30(2):118-128.

doi:10.1016/j.ijantimicag.2007.04.006

51. Hughes KA, Sutherland2 IW, Jones3 M V. Biof Ilm

Susceptibility to Bacteriophage Attack : The Role

of Phage-Borne Polysaccharide Depol Yrnerase.

52. Yan J, Mao J, Xie J. Bacteriophage polysaccharide

depolymerases and biomedical applications.

BioDrugs. 2014;28(3):265-274.

doi:10.1007/s40259-013-0081-y

53. Briers Y, Schmelcher M, Loessner MJ, et al. The

high-affinity peptidoglycan binding domain of

Pseudomonas phage endolysin KZ144. Biochem

Biophys Res Commun. 2009;383(2):187-191.

doi:10.1016/j.bbrc.2009.03.161

54. Loessner MJ. Bacteriophage endolysins - Current

state of research and applications. Curr Opin

Microbiol. 2005;8(4):480-487.

doi:10.1016/j.mib.2005.06.002

55. Jun SY, Jang IJ, Yoon S, et al. Pharmacokinetics

and Tolerance of the Phage endolysin-based

candidate drug SAL200 after a single intravenous

administration among healthy volunteers.

Antimicrob Agents Chemother. 2017;61(6).

doi:10.1128/AAC.02629-16

56. Pei R, Lamas-Samanamud GR. Inhibition of

biofilm formation by T7 bacteriophages producing

quorum-quenching enzymes. Appl Environ

Microbiol. 2014;80(17):5340-5348.

doi:10.1128/AEM.01434-14

57. VIEU JF; GUILLERMET F; MINCK R;

NICOLLE P. Current data on therapeutic

applications of bacteriophages . 1979;163:61-66.

58. Lang G KPMHCJSPJPS articles by ’J PPJ.

Bacteriophage therapy of septic complications of

orthopaedic surgery. Europe PMC. January 1979.

59. fish2016.

60. Successful Treatment of Experimental Eschen’chia

Coli Infections in Mice Using Phage: Its General

Superiority over Antibiotics. Vol 128.; 1982.

61. Pires DP, Vilas Boas D, Sillankorva S, Azeredo J.

Phage Therapy: a Step Forward in the Treatment of

Pseudomonas aeruginosa Infections. J Virol.

2015;89(15):7449-7456. doi:10.1128/JVI.00385-

15 

62. Kelleiyberger C, Kellenberger E. Electron

Microscopical Studies of Phage Multiplication III.

Observation of Single Cell Bursts’. Vol 3.; 1957.

63. HOLLOWAY BW, EGAN JB, MONK M.

Lysogeny in Pseudomonas aeruginosa. Aust J Exp

Biol Med Sci. 1960;38:321-329.

doi:10.1038/icb.1960.34

64. Fu W, Forster T, Mayer O, Curtin JJ, Lehman SM,

Donlan RM. Bacteriophage Cocktail for the

Prevention of Biofilm Formation by Pseudomonas

aeruginosa on Catheters in an In Vitro Model

System. Antimicrob Agents Chemother.

2010;54(1):397-404. doi:10.1128/AAC.00669-09

65. Ghanaim AM, Foaad MA, Gomaa EZ, et al.

Bacteriophage therapy as an alternative technique

for treatment of multidrug-resistant bacteria

causing diabetic foot infection. International

Microbiology. 2022. doi:10.1007/s10123-022-

00293-2

66. Markwitz P, Olszak T, Gula G, Kowalska M,

Arabski M, Drulis-Kawa Z. Emerging Phage

Resistance in Pseudomonas aeruginosa PAO1 Is

Accompanied by an Enhanced Heterogeneity and

Reduced Virulence. Viruses. 2021;13(7):1332.

doi:10.3390/v13071332

67. Soothill JS. Bacteriophage Prevents Destruction of

Skin Grafts by Pseudomonas Aeruginosa. Vol 20.;

1994. 

68. JS Soothill JLGA. The efficacy of phages in the

prevention of the destruction of pig skin in vitro by

Pseudomonas aeruginosa. International journal of

medical sciences . 1988.

69. HS Abdul-Hassan EETBMRG. Bacteriophage

therapy of Pseudomonas burn wound sepsis.

Mediterranean burns club . 1990.

622



Sasi A et al. / Microbes and Infectious Diseases 2024; 5(2): 612-624

70. G D Ioseliani GDMNSCMGMNIK. Use of

bacteriophage and antibiotics for prevention of

acute postoperative empyema in chronic

suppurative lung diseases. Grudnaia khirurgiia.

November 1980.

71. Shabalova IA KNKVSTAV. Proceedings of IX

International Cystic Fibrosis Congress. 1995.

72. V A Proskurov. Use of staphylococcal

bacteriophage for therapeutic and preventive

purposes. Journal of Microbiology Epidemiology

and Immunobiology. February 1970.

73. Perepanova TS DOKGKEMLMVBFGN. The

efficacy of bacteriophage preparations in treating

inflammatory urologic diseases. Europe PMC.

September 1995.

74. Peremitina LD BEKA. Experience in the

therapeutic use of bacteriophage preparations in

suppurative surgical infections. Europe PMC.

September 1981.

75. Robins-Browne RM, Holt KE, Ingle DJ, Hocking

DM, Yang J, Tauschek M. Are Escherichia coli

pathotypes still relevant in the era of whole-

genome sequencing? Front Cell Infect Microbiol.

2016;6(NOV). doi:10.3389/fcimb.2016.00141

76. Dell’Era S, Buchrieser C, Couvé E, et al. Listeria

monocytogenes l-forms respond to cell wall

deficiency by modifying gene expression and the

mode of division. Mol Microbiol. 2009;73(2):306-

322. doi:10.1111/j.1365-2958.2009.06774.x

77. Studer P, Staubli T, Wieser N, Wolf P, Schuppler

M, Loessner MJ. Proliferation of Listeria

monocytogenes L-form cells by formation of

internal and external vesicles. Nat Commun.

2016;7. doi:10.1038/ncomms13631

78. Tkhilaishvili T, Winkler T, Müller M, Perka C,

Trampuz A. Bacteriophages as Adjuvant to

Antibiotics for the Treatment of Periprosthetic

Joint Infection Caused by Multidrug-Resistant

Pseudomonas aeruginosa. Antimicrob Agents

Chemother. 2020;64(1). doi:10.1128/AAC.00924-

19 

79. Adnan M, Ali Shah MR, Jamal M, et al. Isolation

and characterization of bacteriophage to control

multidrug-resistant Pseudomonas aeruginosa

planktonic cells and biofilm. Biologicals.

2020;63:89-96.

doi:10.1016/j.biologicals.2019.10.003

80. Latz S, Krüttgen A, Häfner H, Buhl EM, Ritter K,

Horz HP. Differential effect of newly isolated

phages belonging to PB1-like, phiKZ-like and

LUZ24-like viruses against multi-drug resistant

Pseudomonas aeruginosa under varying growth

conditions. Viruses. 2017;9(11).

doi:10.3390/v9110315

81. Fong SA, Drilling A, Morales S, et al. Activity of

bacteriophages in removing biofilms of

pseudomonas aeruginosa isolates from chronic 

rhinosinusitis patients. Front Cell Infect Microbiol. 

2017;7(SEP). doi:10.3389/fcimb.2017.00418 

82. Jamal M, Andleeb S, Jalil F, et al. Isolation and

characterization of a bacteriophage and its

utilization against multi-drug resistant 

Pseudomonas aeruginosa-2995. Life Sci.

2017;190:21-28. doi:10.1016/j.lfs.2017.09.034

83. Ahiwale S, Tamboli N, Thorat K, Kulkarni R,

Ackermann H, Kapadnis B. In Vitro Management

of Hospital Pseudomonas aeruginosa Biofilm

Using Indigenous T7-Like Lytic Phage. Curr

Microbiol. 2011;62(2):335-340.

doi:10.1007/s00284-010-9710-6

84. Guo M, Feng C, Ren J, et al. A novel antimicrobial

endolysin, LysPA26, against Pseudomonas

aeruginosa. Front Microbiol. 2017;8(FEB).

doi:10.3389/fmicb.2017.00293

85. Yasbolaghi Sharahi J, Aliakbar Ahovan Z,

Taghizadeh Maleki D, et al. In Vitro Antibacterial

Activity of Curcumin-Meropenem Combination

against Extensively Drug-Resistant (XDR)

Bacteria Isolated from Burn Wound Infections. Vol

10.

86. Chang RYK, Das T, Manos J, Kutter E, Morales S,

Chan HK. Bacteriophage PEV20 and

Ciprofloxacin Combination Treatment Enhances

Removal of Pseudomonas aeruginosa Biofilm

Isolated from Cystic Fibrosis and Wound Patients.

AAPS Journal. 2019;21(3). doi:10.1208/s12248-

019-0315-0

87. Henriksen K, Rørbo N, Rybtke ML, et al. P.

Aeruginosa flow-cell biofilms are enhanced by

repeated phage treatments but can be eradicated by

phage–ciprofloxacin combination —monitoring

the phage–P. Aeruginosa biofilms interactions.

Pathog Dis. 2019;77(2).

doi:10.1093/femspd/ftz011

88. Domingo-Calap P, Delgado-Martínez J.

Bacteriophages: Protagonists of a post-antibiotic

era. Antibiotics. 2018;7(3).

doi:10.3390/antibiotics7030066

89. Bogovazova GG VNBV. The efficacy of Klebsiella

pneumoniae bacteriophage in the therapy of

experimental Klebsiella infection. Europe PMC.

April 1991.

90. Born Y, Fieseler L, Thöny V, Leimer N, Duffy B,

Loessner MJ. Engineering of bacteriophages

Y2::dpoL1-C and Y2::luxAB for efficient control

and rapid detection of the fire blight pathogen,

Erwinia amylovora. Appl Environ Microbiol.

2017;83(12). doi:10.1128/AEM.00341-17

91. Mattila S, Ruotsalainen P, Jalasvuori M. On-

demand isolation of bacteriophages against drug-

resistant bacteria for personalized phage therapy.

623



Sasi A et al. / Microbes and Infectious Diseases 2024; 5(2): 612-624

Front Microbiol. 2015;6(NOV). 

doi:10.3389/fmicb.2015.01271 

92. Albert MJ, Faruque ASG, Faruque SM, Sack RB,

Mahalanabis D. Case-Control Study of

Enteropathogens Associated with Childhood 

Diarrhea in Dhaka, Bangladesh. Vol 37.; 1999. 

93. Clark WA. Comparison of Several Methods for

Preserving Bacteriophages

Aravind C Sasi, Kavitha Kannaiyan , Thiyagarjan Sanjeevi , Ravikumar Sambandam , Aarthi Manoharan , 

Aboobacker P A, Latha R. Bacteriophage therapy in diabetic foot ulcer caused by Pseudomonas aeruginosa. 

Microbes Infect Dis 2024; 5(2): 612-624. 

624


