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Abstract 

Catheter use in debilitated patients often precedes a number of nosocomial infections by bacterial strains that show multidrug resistance or 

total drug resistance, particularly through biofilm formation.  Common etiological agents include Staphylococcus aureus (MRSA), 

Pseudomonas aeruginosa, Escherichia coli, Salmonella spp., Klebsiella spp., Acinetobacter baumannii, and Burkholderia cepacia.  As 

catheters provide exposure to typically sterile environments, fomites and aerosols are able to transfer severe infection to the affected 

patients, particularly due to their immunocompromised states.  The catheters may be coated using a hydrogel layer containing immobilized 

bacteriophages, yet different approaches may be used, including stratification, serial activation of strata, liquid nanocoatings, diffusible 

membranes, multi-receptor bacteriophages, and the use of lytic and lysogenic phages should be distinguished.  The multifaceted growth 

requirements of the bacteria additionally allow for factors such as pH and temperature to be utilized in the hydrogel layer through 

absorptive action once bacterial attachment to the layer occurs.  Moreover, nanocoating is aimed at preventing the colonization of numerous 

bacterial cells, thus inhibiting quorum sensing ability of the bacteria and biofilm formation. 
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INTRODUCTION 

Antibiotic resistance is a growing trend in the biomedical 

field that is becoming more crucial as time continues.  

Although a number of new antibiotics are synthesized in the 

laboratory, the development of resistance to the compounds 

is growing rapidly as well.  Antibiotic resistance often takes 

root at the genetic level, where exposure to microbicidal 

agents provide selective pressure that promotes mutations in 

bacterial cells, which undergo rapid multiplication.  The 

onset of evolution is thus expedited over the generations of 

bacterial growth, where an organism such as Escherchia coli 

has a doubling time of 20 minutes.  The most notable 

examples of multidrug resistant (MDR) bacteria of concern 

are Staphylococcus aureus (MRSA), Pseudomonas 

aeruginosa, Escherichia coli, Salmonella spp., Klebsiella 

spp., Acinetobacter baumannii, and Burkholderia cepacia 

[1]. 

Microorganisms are known to cause infections by two 

mechanisms, either encrustation or biofilm formation.  

Biofilm formation is a known mechanism by which 

organisms produce extracellular polysaccharides that 

facilitate adherence to the catheter and thus colonization 

occurs, where antimicrobial substances are reduced in 

diffusion ability.  The biofilms increase resistance of the 

microorganisms by allowing them to grow slowly and 

making them hard to kill.  Encrustations are especially 

observed in cases of urinary catheters, particularly in relation 

to urease-producing microorganisms, such as Proteus 

mirabilis. These opportunistic pathogens convert urea from 

urine to ammonia and organic compounds, producing them in 

the form of crystals which cause occlusion of the catheter. 

Both routes of pathogenesis are accelerated by lesions caused 

by frictional movement of the catheter within the mucosal 

tracts [2][3].  

Patients most severely affected by such MDR strains are 

frequently immunocompromised and immunosuppressed 

individuals, especially those who receive in-patient treatment 

at hospitals and care homes.  Nosocomial infections are 

hospital-acquired infections that are often caused by 

opportunistic pathogens, which are microorganisms normally 

living as commensals but become highly pathogenic when 

they gain entry to normally sterile parts of the human body.  

Routes of entry include post-surgical wounds, infected 

dressings, intravenous catheter use, and aerosol transmission 

from hospital personnel.  The focus is now shifting to the 

development of nanocoatings on catheter surfaces that 

incorporate antimicrobial substances or particles such as 

viruses or enzymes.  Bacteriophages are viruses that kill 

bacteria and are specific to their targets, allowing for the 

human cells to remain intact.  Such phages can be employed 

to either kill the bacterial cells by infection or an apoptotic 

gene which causes cell death once inserted successfully 

[4][3]. 
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TYPES OF COATING MATERIALS 

Biomaterials may be specifically designed for coating 

peripheral IV catheters for use within the narrow parameters 

of the veins or urethra.  Engineered hydrogels have been 

shown to reduce biofilm formation by nearly five-fold [5].  

General types of coatings include: 

Metal Nanocoatings 

They are convenient, where a simple layer can be coated 

onto the surface of the catheter.  They exhibit fair levels of 

antimicrobial activity based on their ionic activity and 

simultaneous oxidation and reduction reactions at the cell 

wall.  However, the possibility of metal poisoning, such as in 

the case of copper coatings, deters their use, while iron based 

materials may affect the hemoglobin levels upon availability, 

as well as provide the content required for fungal iron 

sequestration, thus enhancing fungal growth and infection 

into deep tissue.  Most importantly, the issue of chemical 

reactions between tissue or other biological fluids is a major 

risk.  Silver coatings are looked at for efficacy and have been 

claimed to show no cytotoxicity in the host [6]. 

Hydrogel Nanocoatings 

They can be made thin and are often suitable for biological 

uses.  They also contain micropores for interchange of 

microorganisms and particles.  Pores should be adjusted to 

ensure that the phages do not detach from the medium.  The 

gel is hydrated, allowing for water particle pockets that allow 

for permeation to greater extents compared to other materials 

[7].  It allows for the movement of bacteria and viruses at 

once; injectables can be produced easily due to the 

biodegradability and distribution properties of the 

alginate-based biomaterials.  Examples are agar, agarose, 

alginate, etc. 

Diffusible Membranes 

They are also thin and can be made with uniform structure 

and pore distribution.  Concentration gradients can be used to 

make such a structure functional, yet the advantage is that 

nanopores will not allow entrapment of bacteria from the 

biological fluids.  Cellulose-based membranes may be used 

since they do have virus-retention properties. 

Liquid Coatings with a Solid Interface 

They allow for interaction with phage particles; attachment 

by specific binding or adsorption is taken care of while fluid 

components are able to be used for either pH or temperature 

regulation.  It takes on a one-sided arrangement of thickness 

since hydrogel coatings are those with even distribution of air 

and water bubbles, unlike these, which resemble double 

layered beds [8]. 

Liquid Coatings 

They are easily applied but may be easily worn off by the 

flow of biological fluids or absorbed into the body itself, 

making it short-lasting.  The viscosity of the coating may 

differ, yet the exposure of the virus particles to the 

microenvironment fluids is a shortcoming.  

PHAGES FOR ATTACHMENT: METHODS FOR 

BACTERIAL LYSIS 

 
Figure 1. Schematic diagram of catheter with serial 

activation feature 

Bacteriophages are specific to the bacteria they attack, thus 

being able to be used as either direct lysis agents or a way for 

bacterial attachment which pulls them in for the nanocoating 

to cause lysis through either direct toxicity or unfavorable 

conditions.  The activation of the bacteriophage release can 

be induced using different factors which include. 

pH 

The concentration of hydrogen ions comprises pH, a 

measure of alkalinity or acidity.  The coating can be 

specialized in such a way that the material changes pH when 

bacteria are in contact or close proximity, perhaps releasing 

bacteriophages by partial dissolution of the coating. 

Formation of crusts and blocks in urinary catheters have been 

avoided by the use of bacteriophages which were released by 

pH activation [9]. 

Stratification 

The breaking of the catheter into segments will allow for 

serial activation of the coating in different regions of the 

human body, where one region experiencing bacterial lysis 

due to contact can offset the release of phages in the next 

segment. 

Phages adhere to bacterial cells with specificity and cause 

lysis when the bacterium produces more phage particles.  

When lysis occurs, bacterial cells burst open, allowing for 

release of different factors, peptides, and enzymes that can 

thus activate the next segment of the coating by either 

changing the pH or other conditions of the coating to entrap 
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or lyse the bacterium.  The lysis of the bacteria in one part of 

the coating shall cause a change in that segment that can 

spread to adjacent segments as a diffused effect [3]. 

Temperature 

The intrinsic properties of the nanocoating can be adjusted 

easily, particularly if a hydrogel coating, where components 

can be used to cause micro-heating or micro-cooling that 

destroys MDR strains located in that specific region of the 

body.  The bacteria can be reacted with using miniscule 

electrical pulses or ultrasound that destroys the cells.  A 

majority of these treatments will destroy the cell wall and 

denature proteins simultaneously.  It has been observed that 

some bacteriophages were able to tolerate 70℃, allowing for 

temperature to be a supplementary factor [2]. 

Inert Coating 

Bacteriophages can be made to project from the coating of 

the catheter and thus lyze the bacteria they come in contact 

with.  Limiting factors include the number of phages.  Either 

low numbers of phages can be used or replication-controlled 

viruses should be utilized in order to control their generation 

when infecting bacterial hosts and multiplying.  The phages 

can also carry genes that are inserted into the bacterial 

genome and lyse the cells or cause major metabolic failure, as 

is applied in gene therapy [3]. 

Redox Reactions 

Once bacteria are absorbed into the coating, they can be 

lysed by oxidation and reduction reactions, using substances 

such as pyocyanin which prevents the growth of bacteria 

besides P. aeruginosa due to its generation of reactive 

oxygen species which destroys the cells immediately.  There 

are already existing catheters with redox coatings that are 

designed by aligning a series of electrodes with a sensing 

region, such as that credited to the University of Hull 

(US20100016699A1). 

Enzymes  

They can be incorporated into the coating to ensure lytic 

functions, such as cell wall lysis or destruction of the genetic 

material in the nucleoid, inhibiting bacterial replication.  

Examples are lysozyme analogues which are preferably 

bacterium-specific, including acylase and alpha-amylase.  

However, care should be taken not to allow enzymes that lyse 

the viruses that are incorporated as well [10]. 

Antibacterial Substances 

Antibiotics have been incorporated by impregnation of the 

catheters for decades, yet development of resistance to 

rifampin and minocycline has been a constant concern.  They 

show a decreased colonization rate around the catheter in 

ICU patients with leukemia, trauma, and other illnesses [8]. 

BIOSENSORS 

There have already been bilayer models of catheter 

coatings in which the upper layer reacts with pH-altered urine 

to dissolve the polymer coating and react with the underlying 

layer which contains a dye.  This mechanism leads to 

advanced warning of the catheter blockage by urine crystals, 

developed for Proteus mirabilis infections of the catheters 

[5].   

Biosensors convert signals from biochemical reactions 

into information for analysis.  In this case, nanosensors that 

detect ammonia crystals may be adequate to indicate early 

blockage by passing on the signal to an external monitor. If a 

segmented approach is used, one segment can be used to pass 

on the signal to adjacent segments, leading to activation of 

various mechanisms, including changes in pH or redox 

potential. Display of phages on a solid interface may also be 

an activation-based response of serial activation [9]. 

CHALLENGES AND POTENTIAL SOLUTIONS 

The effective nature of phages for different medical 

purposes, such as phage therapy, depends partly on the proper 

incorporation of phages into the biomaterial since they are 

sensitive to surrounding conditions over time and reduced 

phage titre renders them less effective, requiring planned 

stimuli response systems for inducible release [11].  

Catheter-associated urinary tract infections involving 

multiple antibiotic-resistant pathogens may require phage 

cocktails for effective response and preventing biofilm 

formation leading to sepsis.  For this, a phage cocktail was 

prepared with a broad range of target pathogens and cell 

viability was measured as a measure of the effect [12].  A 

clear model was established for such pathogens through a 

phage cocktail prepared against biofilm-forming Proteus 

mirabilis and the pathogenic quorum sensing mechanism, 

effectively quenching surface colonization [13] and proving 

effective against more than one biofilm-forming species [14], 

as well as in cases of opportunistic infections or excessive 

growth of certain microorganisms [15]. 

Greater focus on modes of delivery and concentration of 

phages in vivo could be greatly beneficial to targeted 

organisms in the human body, particularly at different sites in 

the digestive system and at other organs [16].  Overall, 

metal-coated catheters have shown inconsistency in clinical 

trials and alternatives, such as bacterial interference, microbe 

responsive coatings, and combination therapies are being 

explored as newer options for reducing UTIs [17].  When 

biosafety is considered, the same biomaterials containing 

stabilized phages can be injected directly into a patient for 

therapeutic purposes, such as alginate hydrogel injectables 

which show good biodegradability properties and local 

distribution [18].  Based on synergistic effects of the phages 

and antibiotics toward biofilm-forming Klebsiella sp., 

bacteriophage-based therapies are one of the most feasible 

options to counter multi-drug resistance and provide a last 

resort to cases where antibiotics do not prove effective [19].  

Catheters have also been coupled with biosensors for 

pathogenic infections in urinary tracts which could signal 

microbial invasion and colonization before they advance into 

septic conditions [20]. 
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CONCLUSION 

For the future prevention of MDR bacterial infections due 

to catheter use, the designing of new coatings is an ideal 

solution, granted that the ideal material is determined based 

on the biological conditions which the coating will make 

contact with.  Replication-controlled phages or low numbers 

can also minimize the effect on the microbiota, unlike the 

non-specific effect that antibiotics show in the human 

microbiome. 
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