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Silver coating of urinary catheters prevents adherence and growth 
of Pseudomonas aeruginosa 
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Summary. Discs of u r ina ry  catheter mater ial  were 
exposed to the flow of artificial ur ine  conta in ing  cells of  
Pseudomonas  aeruginosa.  Wi th in  lOh an adherent  
biofi lm composed of the bacteria  and  of their exopoly- 
saccharide products  had developed on the uncoa ted  
catheter material .  On the silver-coated catheter mate-  
rial no biofi lm of Pseudomonas  aeruginosa  had devel- 
oped. 
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Introduction 

Previous studies have shown that  Pseudomonas  aeru- 
ginosa may grow on catheter mater ial  as a biofi lm [4, 
5]. Growth  within adherent  biofilms appears to confer 
u p o n  Pseudomonas  aeruginosa  a measure of protec- 
t ion  f rom env i ronmen ta l  ant ibacter ia l  factors [3, 10] 
and  biocides [11]. 

In  previous studies it has been shown that  silver- 
coated catheters prevent  catheter-associated bacteriu-  
ria [1, 6]. It was therefore of interest  to see if silver- 
coated u r ina ry  catheter mater ial  could prevent  growth 
of Pseudomonas  aeruginosa.  

Material and methods 

To measure adherent sessile bacteria an artificial catheter was 
constructed according to the technique described by Nickel and 
associates [10]. The artificial catheter device was connected to a 2 
liter reservoir, functioning as an in vitro bladder held in 37°C water 
bath. Medium containing bacteria was pumped from the reservoir 
through the artificial catheter by a pump set to deliver 50ml/h. 
10 cm 2 of the midsection of the catheter was tested before and after 
exposure to Pseudomonas aeruginosa. 

The strain of Pseudomonas aeruginosa used in these experiments 
was isolated from a patient with catheter associated urinary tract 
infection. The medium used was artificial urine supplemented with 
0.4% nutrient broth [8]. The bacteria were stored on a sloping agar in 
a test tube (slants) at --70°C and serially cultured at 10 h intervals. 
Bacterial growth within the in vitro bladder was monitored by using 
standardized turbidity as a growth parameter with a spectrophoto- 
meter at 600 nm. 

Artificial urine containing Pseudomonas aeruginosa was passed 
through the artificial catheter for 10h and the development of 
bacterial biofilm was monitored by sampling of catheter material 
surfaces. Sample discs bearing sessile bacteria were aseptically 
removed for scanning electron microscopy (SEM). Quantitative 
counts of viable adherent bacteria were obtained by low-output 
ultrasonication of surface scraping of the catheter disc in a sterile 
phosphate-buffered saline solution. Dilution series were made up to 
10 - 4  and spread on nutrient agar from which quantitative plate 
counts were obtained. The cathether specimens designated for SEM 
were removed from the artificial catheter and placed in fixative 
solution consisting of 5 % glutaraldehyde in cacodylate buffer (0.1 M, 
pH7.2) for lh at 22°C, followed by dehydration in a series of 
aqueous ethanol solutions (20-100% and Freon 113-ethanol solu- 
tions (30-100%) and then air dried. Samples were coated with gold in 
a sputter coater and examinded by using a scanning electron 
microscope. 

Results 

Examina t ion  by SEM showed that  the discs of catheter 
latex and  silver-coated latex used in this s tudy did no t  
bear significant numbers  of e thanol-ki l led bacterial  
cells. Ten minutes  after exposure to cells of Pseudomo-  
nas aeruginosa  in artificial urine,  significant numbers  
of adherent  bacterial  cells were seen on the latex discs 
whereas there was no colonizat ion on the silvercoated 
latex discs. After  10 h of colonizat ion,  the characteri-  
stic plate-like surface of the latex discs was completely 
occluded by a large n u m b e r  of adherent  bacteria,  
which were embedded  in large amoun t s  of their own 
amorphous  exopolysaccarides to form a thick adherent  
biofi lm (Fig. 1). On the silver-coated catheter discs no 
biofi lm of Pseudomonas  aeruginosa  had developed. 
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Fig. la and b. SEM of the surface of a disc of latex catheter with a 
biofilm (a) and a silver-coated latex (b) 10h after contact with 
artifical urine containing 3.0 X 10 6 cells per ml of Pseudomonas 
aeruginosa 

Discussion 

Catheter -acquired  u r ina ry  tract  infections account  for 
as much  as 35 % of all nosocomia l  infections a nd  are 
often refractory with respect to ant ibiot ic  therapy.  The 
direct examina t ion  of the catheter  surfaces removed 
f rom pat ients  in whom they had become loci of  
infect ion has shown extensive bacterial  biof i lm deve- 
l opmen t  [7, 9]. Also, in vitro studies have described the 
fo rma t ion  of extensive bacterial  biofi lms on the surfa- 
ces of b iomater ia l  used in  the catheters [2]. In  a s tudy 
by Nickel and  associates [10] it has been shown that  the 
biofi lms that  develop in situ on  the surfaces of catheters 
are very similar to those that  developed on  latex 

catheter surfaces. These numerous  biofi lm bacteria  are 
embedded  very extensively on an amorphous  matr ix  
which occludes the surface even after considerable  
condensa t ion  which follows the dehydra t ion  required 
in p repa ra t ion  for electron microscopy. The an ionic  
alginate exopolysaccharide produced  by cells of  Pseu- 
domona s  aeruginosa  is composed of uronic  acid mole- 
cules and  is highly hydrated  (99% water) [12]. In  this 
s tudy we have shown that  cells of a s train of Pseudomo-  
nas aeruginosa  grow as a biofi lm on the surface of 
catheter latex. However,  there was no growth or 
adherence of Pseudomonas  aeruginosa  on  the silver- 
coated latex material .  The mechanism of this effective 
protec t ion  against  bacteria  of the silver-coated catheter 
mater ial  is u n k n o w n .  It  is likely that  silver has an 
ant ibacter ia l  effect on  the catheter and  thereby inhibi ts  
the adherence of bacteria  [13]. 
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