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WITH BIOFILM FORMATION IN ESCHERICHIA COLI  
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Catheter-associated bacteriuria (CAB) and urinary tract infection (CAUTI) 

are important clinical problems in catheterized humans and dogs. A variety of 

methods to reduce CAB and CAUTI have been investigated, and in humans, 

silver coating of urinary catheters has been shown to reduce CAB and CAUTI in 

randomized prospective clinical trials. The objectives of the studies reported in 

this thesis are to evaluate adherence of clinical isolates of E. coli to a silver 

coated urinary catheter, evaluate the potential association of E. coli urovirulence 

factors to E. coli biofilm formation in vitro, and assess the efficacy of the silver 

coated urinary catheter in canine patients in a randomized clinical trial.  



	   	   	   	  

Clinical isolates of E. coli were incubated with silver coated and standard 

(uncoated) urinary catheters. Significantly fewer bacteria were adhered to the 

silver coated urinary catheter at 24, 48, and 72 hours of incubation, and following 

subjective analysis using SEM analysis. Clinical isolates of E. coli were 

investigated for the presence of urovirulence factors and the association between 

these urovirulence factors and biofilm formation in vitro. Prevalence of 

urovirulence factors were similar to what has been reported, and cnf1 was 

associated with biofilm formation. A prospective, randomized, controlled clinical 

trial was performed to assess the ability of silver coated urinary catheters to 

reduce CAB and CAUTI in hospitalized dogs requiring catheterization. 

Catheterized dogs were assessed for bacteriuria, positive culture, and urinary 

tract infections following catheterization. No significant differences were noted 

between groups in regard to CAB, CAUTI, and positive culture incidence in the 

two groups.  

 We have shown that clinical E. coli isolates adhered less to a silver coated 

urinary catheter compared to a non-silver coated urinary catheter in vitro, and 

that cnf1 is associated with in vitro biofilm formation. We were unable to detect a 

significant difference in CAUTI or CAB in hospitalized dogs, most likely due to 

low study numbers. Further clinical studies are required to determine the utility of 

these catheters in hospitalized patients.
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Chapter 1 – Introduction and Literature Review 
 

1.0 Introduction 
 Catheter associated urinary tract infections (CAUTIs) are a problem in 

both human (Hayley, 1981) (Leone, 2003) (Tissot, 2001) and veterinary medicine 

(Ruple-Czerniak, 2013) (Ogeer-Gyles, 2006) (Smarick, 2004). Catheterization in 

humans has been associated with a number of complications including bacterial 

infections, mechanical trauma to the urethra, encrustations and blockage, 

urethral stenosis and stricture, and urosepsis, with a mortality rate around 10% 

(Gould, 2009), rising in some instances to 60% (Dellimore, 2013). In humans, 

acquisition of a urinary tract infection has been associated with increased costs 

(Tambyah, 2002).  The most common organism identified in CAUTI in both 

humans (Rané, 2013) and dogs (Wooley, 1976) (Freshman, 1989) is Escherichia 

coli (E. coli). The risks of catheterization of the urinary tract, as well as 

pathogenic factors of E. coli and patient factors will be reviewed.  Colonization of 

the urinary catheter may lead to formation of a bacterial biofilm, a three-

dimensional layer of adhered bacteria with altered gene expression, embedded 

within an extracellular matrix (Trautner B1, 2004). The structure, function, and 

genetic alterations noted in biofilm-embedded bacteria will be reviewed.   

 Multiple efforts at reducing the rate of CAUTI acquisition include 

adjustments to caring for the catheter, adopting a closed collection system, and 

antimicrobial coating of the catheter (Stamm, 1991). Silver coating of urinary 

catheters, along with the mechanism of action of silver, the results of human 

clinical trials, and investigations into other coated catheters will be reviewed.   
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1.1 Definitions 
 Bacteriuria is defined as the presence of bacteria in urine (Weese, 2011), 

and in the absence of clinical signs, is referred to as covert or subclinical. A 

urinary tract infection (UTI) is defined as bacteriuria associated with clinical signs 

of urinary tract disease (dysuria, pollakiuria, increased urge to urinate), and 

bacteriuria is then deemed clinically significant (Warren, 1999) (Weese, 2011). 

Clinically significant bacteriuria (in conjunction with cytological analysis and 

bacterial culture results) warrants appropriate therapy with the use of systemic 

antimicrobials. In humans, significant bacteriuria is a numerical definition, with ≥ 

104 colony forming units/millilitre of fresh urine (Rané, 2013); however, similar 

data are unavailable for animals. Catheter associated bacteriuria (CAB) and 

catheter associated urinary tract infections (CAUTI) have been defined as the 

acquisition of bacteriuria or a UTI while a urinary catheter has been in place for 

more than 24 hours (Ogeer-Gyles, 2006).  

 Urinary tract infections have been differentiated into simple uncomplicated 

and complicated. Simple uncomplicated UTIs are defined as “sporadic bacterial 

infection of the bladder in an otherwise healthy individual with normal urinary 

tract anatomy and function” (Weese, 2011). Complicated, or recurrent UTIs, are 

those that occur in patients with comorbidities, anatomical, or functional 

abnormalities that predispose them to UTIs (Weese, 2011). 

 

1.2 Anatomy of Urinary Tract 
The canine urinary tract is composed of the kidneys, ureters, urinary 

bladder, and urethra (Evans, 1993). The kidneys are paired, and lie in the 

retroperitoneal space. The medial aspect of each kidney is concave, and houses 
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the insertion of the renal artery, vein, lymphatic vessels, nerves, and the ureter. 

Renal arteries and veins may be singular or paired. Each kidney has an 

associated ureter. The ureter is a hollow, thin walled, muscular tube that 

transmits urine from the kidney to the urinary bladder for storage until micturition. 

Ureters vary in size and length depending on the animal. The ureters enter the 

bladder at the dorsolateral surface, near the trigone (Evans, 1993).  

The urinary bladder is a muscular, hollow viscus where urine is stored. It is 

located in the caudal peritoneal cavity. The urinary bladder is divided into the 

body, the trigone, and the neck (Evans, 1993). The neck, which is located 

caudally, continues toward the urethral orifice and urethra.  Neurovascular supply 

to the bladder is located dorsally, and is both sympathetic and parasympathetic 

in origin (Evans, 1993). Parasympathetic preganglionic fibres originate from 

sacral spinal segments S2 (Purinton, 1979) and S1-Cd1 (Evans, 1993). These 

fibres join to form the pelvic nerve, and are responsible for detrusor muscle 

contraction (Nickel, 1999). Sympathetic supply to the urinary bladder is from the 

hypogastric nerves via the pelvic plexus (Evans, 1993). Hypogastric nerves 

originate in spinal cord segments L1-L4 (Purinton, 1979), and are responsible for 

inhibition of the detrusor muscle (Nickel, 1999). Somatic innervation, via the 

pudendal nerve from spinal segments S2-S4, is responsible for conscious 

constriction of the external urethral sphincter (Creed, 1998).  

 In the male, the urethra is divided into three portions, the preprostatic 

urethra, the prostatic urethra (pars prostatica), and the cavernous or 

membranous portion (pars spongiosa) (Evans, 1993). In the pars prostatica, the 

prostate gland encircles the urethra (Evans, 1993). The cavernous portion of the 
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urethra begins at the ischial arch, and ends at the urethral opening (Evans, 

1993). The male urethra is long and narrow compared to that of the female. The 

female urethra originates at the neck of the bladder at the symphysis pelvis, and 

extends caudally to the vagino-vestibular junction, where it enters the genital 

tract (Evans, 1993). 

 

1.3 Normal mechanisms of host defenses 
 The lower urinary tract of the dog is equipped with a number of different 

factors to prevent acquisition of urinary tract infections.  

 A population of bacteria (microbiota) is normally found in the lower urinary 

tract of dogs. In pups, urinary microbiota have been shown to somewhat 

correlate with resident population in the dam, supporting the idea of transfer from 

dam to pup (Munnich, 1999). This normal microbiota is theorized to prevent 

overgrowth of opportunistic bacteria by competing for essential nutrients 

(Greene, 2012) or producing antibacterial factors that inhibit growth of 

opportunistic bacteria (Delucchi, 2008). A prospective investigation has revealed 

the vaginal microbiota of spayed female dogs with recurrent UTIs to be similar to 

that of control dogs without a history of UTI, with both E. coli and S. 

pseudintermedius cultured from the vaginal cavity of both groups with similar 

frequency (Hutchins, 2014).    

 The two main factors conferring resistance to bacterial infection in the un-

catheterized human patient, as suggested by Trautner, et al (2004) are normal 

micturition and antimicrobial activity of the bladder wall. A study in mice has 

shown that subjects without Toll-like receptor 4 incite less inflammatory reaction, 
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and subsequently, display fewer clinical signs of UTI, indicating that the host-

bacterial interaction and systemic immunocompetence may play an important 

role in development and clearance of UTI (Svanborg, 2001). Other factors in 

humans include antimicrobial properties of urine (pH, osmolality, concentration, 

and presence of organic acid) (Schaeffer, 2001), voiding, surface 

glycosaminoglycans (Taganna, 2011), cell exfoliation (Mysorekar, 2006), Tamm-

Horsfall mucoprotein (Duncan, 1988), and the internal urethral sphincter (Donker, 

1972).  

 The internal urethral sphincter is not a distinct anatomical structure (Holt, 

1983), rather, urinary continence is supposedly maintained by a variety of 

urethral support structures, including tone in the urethral smooth and striated 

muscle, elastic resistance in the urethral wall, length and diameter of the urethra, 

and engorgement of the subendothelial venous plexuses (Holt, 1983). The 

contributions of each of these factors to canine urethral resistance have not been 

fully investigated. Urethral pressure profilometry has been used with some 

success to diagnose incontinence, however, not all incontinent dogs in one study 

had urethral pressure profiles consistent with incontinence (Gregory, 1996). 

Measuring the functional urethral length was less sensitive for diagnosis of 

incontinence (Gregory, 1996).   

 Normal host defenses are important in preventing acquired UTIs. In a 

retrospective analysis of dogs with recurrent or persistent UTIs, the following 

patient risk factors were associated with infection: <3 years of age, spayed 

females, and sporting breeds (Seguin, 2003). Multiple clinical conditions were 

associated with recurrent or persistent UTIs, including abnormal micturition 
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(paraparesis, prostatic cysts or abscesses, reflex dyssynergia), anatomic defects 

(urethral avulsion/rupture, ectopic ureters, incontinence, pelvic bladder with 

incontinence, vestibulovaginal stenosis, hooded vulva), alteration of 

uroepithelium (urolithiasis, neoplasia), altered urine composition 

(hypoadrenocorticism, diabetes mellitus), and impaired immunity 

(chemotherapy/corticosteroid administration, hyperadrenocorticism, systemic 

lupus erythematosus) (Seguin, 2003). This study was not able to document the 

relative effects of one type of disorder vs. another (Seguin 2003). Correction of 

the pre-existing disorder (when possible) resulted in an improved disease free 

interval (>24 weeks) in 41.7% of dogs compared with 5.4% of dogs where pre-

existing conditions were not corrected (Seguin, 2003).  Advanced age of the 

animal has historically been associated with increasing likelihood of UTI. In a 

retrospective study of dogs with UTIs, over 50% of males and females were over 

8 years of age at time of diagnosis (Ling, 2001). Seguin et al (2003) concluded 

that the significant proportion of younger dogs found in their study was a 

reflection of concomitant anatomical deformities. Urinary catheterization, 

administration of corticosteroids 60 days before sampling, vaginitis, vaginoscopy, 

and urinary incontinence have also been reported risk factors for the 

development of UTI (Freshman, 1989).  

1.4 Pathogens 

1.4.1 Common Pathogens in Humans 

In humans, E. coli is the most common pathogen causing both 

uncomplicated and complicated UTIs (Rané, 2013). Other gram-negative 

bacteria, including Proteus mirabilis, Klebsiella spp. Citrobacter spp. 
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Enterobacter spp., and Pseudomonas aeruginosa are implicated as causative 

agents (Rané, 2013). Gram-positive bacteria that have been found infecting the 

urinary tract of people include Staphylococcus spp., Enterococcus spp. and 

Group B Streptococcus (Rané, 2013). Malassezia pachydermatis (Chang, 2009) 

and Candida spp. (Singla, 2012) have been recovered from the urinary tract of 

intensive care unit patients, indicating not only bacteria are capable of infecting 

the lower urinary tract.  

1.4.2 Common Uropathogens in Canids 

In dogs, E. coli is well established as the most common pathogen isolated 

from the urinary tract of patient with community acquired lower urinary tract 

infections (Wooley, 1976) (Freshman, 1989). In patients with complicated UTIs, 

E. coli continues to be the most common bacterial isolate (Norris, 2000) (Seguin, 

2003). Results indicate between 33%-50% of isolates are E. coli (Freshman, 

1989)  (Norris, 2000) (Seguin, 2003) (Wooley, 1976).  

Other pathogens commonly reported in dog UTIs include Proteus spp. (Wooley, 

1976) (Freshman, 1989) (Norris, 2000), Staphylococcus aureus (Wooley, 1976), 

Streptococcus spp (Wooley, 1976) (Freshman, 1989) (Norris, 2000), 

Enterobacter spp. (Wooley, 1976) (Freshman, 1989) (Norris, 2000), Klebsiella 

spp. (Wooley, 1976) (Freshman, 1989)  (Norris, 2000), Pseudomonas 

aeruginosa (Wooley, 1976) (Freshman, 1989)  (Norris, 2000), Staphylococcus 

epidermidis (Wooley, 1976)  and Citrobacter spp. (Freshman, 1989). 

Nomenclature of bacterial species continues to evolve, and as such, some 

studies have classified all Staphylococcus isolates as Staphylococcus spp. rather 
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than differentiating individual species (Norris, 2000) (Freshman, 1989). The 

cause for predominance of E. coli isolated from UTIs in humans is thought to be 

from proximity of the urinary tract to the perineal region (Rané, 2013) (Diafuku, 

1984). This likely holds true for dogs as well. Pathogenic factors associated with 

UTIs are discussed below.  

 

1.5 E. coli Urovirulence Factors  
Pathogenic factors associated with acquisition of a urinary tract infection 

have been investigated, and these may involve a range of properties such as 

attachment, immune evasion, and biofilm formation (Kaper, 2004). Of particular 

interest with regard to E. coli UTIs is the presence of uropathogenic virulence 

factors, elements that enhance the ability of the bacterium to invade and colonize 

the lower urinary tract (Yuri, 1998) (Soto, 2007) (Andreu, 1997). These virulence 

factors take several forms, including those that facilitate adherence of the 

bacterium to the urinary epithelium, cytotoxic factors, and iron sequestering 

factors (Yuri, 1998). Escherichia coli that possess these virulence factors are 

termed uropathogenic E. coli (UPEC) (Kaper, 2004). 

The prevalence of urovirulence factors among dogs has been investigated by 

comparing the presence of urovirulence factors in E. coli isolated from the urinary 

tract to E. coli from the large intestine (Johnson, 2003) (Yuri, 1998). Among 

urinary tract isolates, frequency of urovirulence factors was 92% for type I pilus 

(pil), 54% for pilus associated with pyelonephritis (pap), 54% for S fimbriae (sfa), 

4% for afimbrial adhesion of the X adhesin group (afa), 54% for α-hemolysin, 4% 

for aerobactin, and 52% for cytotoxic necrotizing factor 1 (Yuri, 1998). These high 
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prevalences among urinary tract isolates suggest urovirulence factors may be 

important mechanisms in the development of urinary tract infections. The 

prevalence of urovirulence factors in canine urinary tract isolates was 

comparable to rectal isolates, suggesting the source of uropathogenic E. coli to 

be rectal (Johnson, 2003) (Yuri, 1998). Further, similar DNA sequences for pap, 

hly, and insertion sequence 5 (is5) were noted in strains of E. coli infecting the 

urinary tract of dogs and those isolated from humans with UTIs (Low, 1988). 

These studies provide support for the importance of urovirulence factors in 

promoting both canine and human UTIs.  

Several of these urovirulence factors have been shown to be associated 

with biofilm formation (Soto, 2007) (Naves, 2008). Human uropathogenic E. coli 

isolates were examined for an association between urovirulence factors and in 

vitro biofilm formation via microtitre plate assay; type I fimbriae (fim) and hly 

possession were associated with biofilm formation in one study (Soto, 2007), 

whereas papC and papG alleles, sfa/focDE, focG, hlyA and cnf1 were associated 

with in vitro biofilm formation in a separate investigation (Naves, 2008). Based on 

the studies above, the presence or absence of urovirulence factors may be 

important in developing biofilm. Similar investigations have not been performed in 

the dog.  

1.6 Urinary Catheterization  
 Urinary catheters are placed for a variety of reasons in canine patients, 

including diagnostic (collecting urine samples), therapeutic (relieving lower 

urinary tract obstructions, healing after urethral surgery), monitoring (hydration, 

kidney function, indirect monitoring of intra-abdominal pressure), and ease of 
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patient care (non-ambulatory status, moribund) purposes. Urinary catheters can 

be placed short term (intermittent) for bladder emptying, or they can be left in 

place for an extended period of time.   

 Catheterization of the lower urinary tract has been shown to be a risk 

factor for acquiring a UTI in humans (Hayley, 1981). Four factors have been 

shown to be repeatable risk factors for CAUTI; female gender, duration of 

catheterization, absence of systemic antimicrobials, and catheter care violations 

(Stamm, 1991). Recent data suggest an overall CAUTI frequency of 30.7% 

(42/137) in an ICU setting with duration of catheterization shown as a significant 

risk factor (OR 19.4; 95% CI 5.5-68.7) (Tissot, 2001). Female patients in this 

study were also at higher risk for suffering CAB (OR 5.1 (1.9–13.5) (Tissot, 

2001). These findings have been corroborated in a separate study (Leone, 

2003). Time of catheterization was a significant risk factor for the development of 

CAB in multivariate analysis (OR 1.07 (1.01–1.13), p<0.001) (Leone, 2003). As 

well, female patients were predisposed to CAUTI in this study (OR 3.48 (1.72–

7.06), p<0.001) (Leone, 2003). Increased risk in female patients is proposed to 

be the result of the close anatomical association between the catheter entry site 

and the perineal region (Diafuku, 1984) and a relatively short urethra (Leone, 

2003).  

 Urinary catheters are proposed to increase the risk of contamination and 

colonization of the lower urinary tract via two mechanisms: 1) Iatrogenic 

contamination of the urine collection system (contamination at time of emptying, 

breaks in closed collection system) and bacteria gaining access to the urinary 

tract via the luminal portion of the catheter (endoluminal), and 2) unavoidable 



	   	   	   	  11	  

catheter contact with the patient’s skin and perineal tissues that can allow 

bacteria to migrate up the lower urinary tract along the outside of the catheter 

(periluminal) (Thibon, 2000). In women, CAUTIs are predominantly from rectal 

isolates acquired periluminally, as opposed to men, where contamination of the 

collection system and subsequent endoluminal infection appears to be more 

common (Diafuku, 1984). This has been reduced significantly with the adoption 

of closed collection systems. 

 Long term (>30 days), or indwelling urinary catheters in humans have 

been shown to be a risk factor for acquiring a urinary tract infection while in 

hospital (hospital-associated UTI) (Hayley, 1981). Hospital-associated UTIs were 

the most common hospital acquired infection in one study, accounting for over 

half of all nosocomial infections (42% in surgical patients, and 79% in non-

surgical patients) (Hayley, 1981).  

 

1.7 Catheter Associated Urinary Tract Infections in Dogs   
  

 CAUTIs are a considerable source of morbidity in veterinary patients 

(Freshman, 1989)  (Smarick, 2004) (Ogeer-Gyles, 2006) (Table 1.1). 

Catheterization increases the rate of CAUTI by 15.7 times in female dogs 

(Freshman, 1989). Catheterization has been shown to be significantly associated 

with hospital acquired UTIs in dogs, and catheterized dogs were 104 times as 

likely to develop a UTI compared to control dogs in a syndromic surveillance 

study (Ruple-Czerniak, 2013). This investigation looked for the development of 

empirical evidence of urinary tract inflammation (pyuria, hematuria, stranguria, 
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pollakiuria, and urethritis). Attributing all syndromes to UTI likely overestimates 

the frequency of hospital acquired infection (Ruple-Czerniak, 2013). In one study 

performed in a veterinary referral hospital intensive care unit (ICU), the 

proportion of CAUTIs was 19% (26/137) (Ogeer-Gyles, 2006).  The proportion of 

UTIs increased to 79% (11/14) in patients that remained catheterized at 72 hours 

(Ogeer-Gyles, 2006). This study highlights the apparent association between 

length of catheterization and development of CAUTI (Ogeer-Gyles, 2006). In a 

separate study, the frequency of CAUTI was 10.3% (4/39), with a 63.3% 

probability of remaining free from a UTI after 4 days of catheterization, further 

strengthening the argument for time of catheterization as a factor for 

development of CAUTI (Smarick, 2004). In a study comparing closed urine 

collection systems vs. open urine collection systems, the combined frequency of 

CAB was 9.8% (5/51) (Sullivan, 2010). The overall prevalence of catheter 

associated positive culture results range from 19%-54.8% (Ogeer-Gyles, 2006) 

(Smarick, 2004) (Sullivan, 2010) (Bubenik, 2007). Lower UTIs can cause dysuria, 

pollakiuria, stranguria, hematuria, and inappropriate urination, and may ascend to 

the kidneys (Ettinger, 2010). Urinary tract infections can lead to increased cost of 

care, specifically cost of diagnostic testing (urinalyses, culture/susceptibility, 

rechecks), and therapeutics (Tambyah, 2002). Costs associated with CAUTIs in 

humans have been estimated at $589 per episode (Tambyah, 2002). This cost 

increases with fungal or resistant bacterial infections. The economic impact of 

CAUTIs have not been reported in dogs. 

Bubenik et al. (2007) retrospectively evaluated risk factors for 

development of UTIs in three groups of dogs. Group 1: those catheterized for 
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intervertebral disc disease (IVDD), group 2: those catheterized for other diseases 

requiring catheterization, and group 3: those with positive urinary tract cultures 

but without a catheter (Bubenik, 2007). Multiple risk factors were evaluated. 

Factors that increased the risk of developing CAUTI in groups 1 and 2 included: 

increasing age by 1 year increased the odds of UTI by 20% (OR, 1.20; 95% CI, 

1.03 to 1.28), lengthening the duration of catheterization by 1 day increased the 

odds of UTI by 27% (OR, 1.27; 95% CI, 1.05 to 1.55), and administering 

antimicrobials increased the odds of UTI by 454% (OR, 4.54; 95% CI, 1.83 to 

11.27) (Bubenik, 2007). The reason for increasing CAUTI with antimicrobial use 

in these patients was not determined. Antimicrobial use may cause disruption of 

the normal microbiota, which may have predisposed to CAUTI (Bubenik, 2007). 

This finding has been suggested in humans as well (Johnson, 1990). As well, 

antimicrobial use may have been initiated for patient factors that predispose to 

CAUTI (Bubenik, 2007), suggesting that these patients were inherently at a 

higher risk for CAUTI.  

 The overall prevalence of catheter associated positive culture results 

range from 19%-54.8% (Ogeer-Gyles, 2006) (Smarick, 2004) (Sullivan, 2010) 

(Bubenik, 2007). In dogs, young age, being a spayed female, having an 

anatomical abnormality of the lower urinary tract, or disruption of the 

uroepithelium all increased the risk of UTI (Seguin, 2003). As well, immune 

status, altered urine composition, and micturition disorders are thought to 

increase risk (Seguin, 2003). Increasing age, increasing duration of 

catheterization, and antimicrobial use have all been shown to increase the risk of 

CAB (Bubenik L, 2007). 
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Table 1 – Summary of CAUTI investigations in dogs 

Author Year Study Design Population Outcome 
measures 

Key results 

Freshman 1989 Case control 78 female 
dogs 

Culture 
positive 

Urinary 
catheterization 
15.7 times as 
likely to 
acquire UTI 

Smarick 2004 Prospective 39 
catheterized 
dogs 

UTI - Culture 
positive (>103 
organisms/mL 
urine) 

10.3% dogs 
developed UTI 
63.3% 
probability of 
remaining UTI 
free after 4 
days 

O’geer-
Gyles 

2006 Prospective 137  
catheterized 
dogs 

UTI – Culture 
positive >24 
hours post-
catheterization 
(Subjective 
scores of 1+-
4+) 

11/14 (79%) 
dogs 
catheterized at 
3 days 
developed UTI 

Ruple-
Czerniak 

2013 Multi-center 
prospective 
longitudinal 

1535 dogs  Risk factors 
for syndromes 
of nosocomial 
infections 

Urinary 
catheterization 
OR 1.6 (1.15-
2.22) 

Sullivan 2010 Randomized 
controlled 
trial 

51 
catheterized 
dogs with 
open vs 
closed 
collection 
systems 

Bacteriuria –  
Culture 
positive (>103 
organisms/mL 
urine) 

Open 
collection 
systems not 
significantly 
different than 
closed (11.1% 
and 8.3%) 
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Bubenik 2007 Retrospective 
cohort 

147 
catheterized 
dogs 

UTI - Culture 
positive (>103 
organisms/mL 
urine) 

44% UTI 
incidence. 
Odds of UTI 
increased with 
age, duration 
of 
catheterization, 
and 
antibmicrobial 
use 

 

 

1.8 Methods to reduce CAB/CAUTI 
 Frequent catheter care such as antiseptic cleaning of the catheter and the 

perineal region, duration of catheterization, closed collection systems, and 

maintaining the collection system reservoir below the patient are all methods 

employed to reduce the rate of CAUTI (Trautner B2, 2004), and are all 

recommendations made by the United States Center for Disease Control and 

Prevention (CDC) for prevention of CAUTI in humans (Gould, 2009). In humans, 

closed collection systems have been shown to reduce CAUTI rates after 14 days 

of continuous catheterization by 50% (Trautner B1, 2004). A study comparing 

closed urine collection systems vs. open urine collection systems reported a 

combined frequency of CAB was 9.8% (5/51) (Sullivan, 2010). This randomized 

controlled clinical trial failed to show a significant difference between groups  

(Sullivan, 2010). The incidence of nosocomial bacteriuria in dogs with open urine 

collection systems was 3/27 (11.1%), and in dogs with closed urine collection 

systems was 2/24 (8.3%) (Sullivan, 2010). Possible reasons for the lack of 

apparent difference between groups include small sample size (n=51), short 

duration of catheterization (2 days, range 1-7), and strict catheterization protocol. 
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Despite these findings, closed catheterization systems remain commonplace and 

recommended in veterinary patients to reduce contamination via the lumen of the 

catheter (Sullivan, 2010). Maintenance of a closed collection system is currently 

recommended in humans  (Gould, 2009). Antimicrobial impregnated urinary 

catheters have been placed in hospitalized human patients (Darouiche, 1999). 

Reduced rates of bacteriuria and longer time to onset of bacteriuria were noted 

(Darouiche, 1999). Silver coating of urinary catheters has also been investigated 

as a means to reduce the rate of CAUTIs (Lundeberg, 1986) (Liedberg H, 1990) 

(Johnson J. P., 1990) (Riley, 1995) (Karchmer, 2000). 

 

1.8.1 Coated Catheters in Humans 

 Coating of urinary catheters with a variety of substances has been 

investigated as a means of reducing the rate of CAB/CAUTI. Minocycline and 

rifampin coated catheters have been shown to reduce time to acquisition of CAB, 

overall rates of CAB, and to reduce gram-positive CAB in a 2-week randomized 

clinical trial following prostatectomy (Darouiche, 1999). In vitro comparison of 

nitrous oxide, nitrofurazone, and silver-alloy coated catheters to silicone control 

catheters has also been made (Regev-Shoshani, 2011), with reduction in 

planktonic and biofilm bacteria in both nitrofurazone and nitric-oxide coated 

catheters when compared to silicone catheters (Regev-Shoshani, 2011). A large-

scale randomized controlled clinical trial comparing nitrofurazone, silver-alloy, 

and silicone catheters found a reduction in symptomatic UTI following 

catheterization with nitrofurazone coated catheters (R Pickard, 2012). In light of 

these conflicting results and potential lack of cost-effectiveness in human 
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patients (R Pickard, 2012), recent publications regarding the treatment of 

CAB/CAUTI have not made strong recommendations for the routine use of 

antimicrobial coated urinary catheters (Trautner B2, 2004) (Tenke, 2014). 

1.8.2 Silver Coating of Implants 

 Silver coating of a subcutaneous cuff for intravenous jugular catheters has 

been assessed in multiple human clinical trials (Maki, 1988) (Babycos, 1993). 

The initial clinical trial found that the silver coated cuff reduced the rate of 

insertion site infection three fold, and bacteremia four fold (Maki, 1988). The 

subsequent trial found no difference in the ability of the silver cuff to reduce 

catheter site infections and bacteremia (Babycos, 1993). Silver coating of 

orthopedic implants has been assessed in human patients undergoing external 

skeletal fixation (ESF) for traumatic fractures of the femur or tibia (Massè, 2000). 

Patients were randomly assigned to receive silver-coated or uncoated stainless 

steel implants (Massè, 2000). A non-significant reduction in positive culture at 

time of screw extraction was noted for the silver-coated group compared to the 

uncoated group (30% vs 42.9%, p=0.243) (Massè, 2000). Significant increases in 

serum silver levels were noted in the treatment group, however no adverse 

effects were reported (Massè, 2000).  

 

1.8.3 Systemic Antimicrobial Use in Bacteriuria, UTI, CAB, 

CAUTI, and Biofilm 

 Recommendations have been made for the treatment of simple, 

uncomplicated UTIs (Weese, 2011). Therapy is typically initiated with systemic 
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beta-lactam antimicrobials while awaiting urine culture and susceptibility results 

collected from a cystocentesis sample, and is recommended for 7 days with 

monitoring of clinical response (Weese, 2011). For complicated UTIs, diagnosis 

is based on concurrent culture, susceptibility, and cytological evidence of UTI. 

Therapy is typically initiated under the guidance of susceptibility results, however, 

may be initiated sooner with beta-lactam or sulfa-based antimicrobials (Weese, 

2011).  

 Catheterized patients that have been diagnosed with UTIs can be 

challenging to diagnose and treat. The catheter itself both obscures the clinical 

signs of UTIs, and predisposes to both subclinical bacteriuria and UTI. In patients 

with clinical signs of CAUTI (fever, bacteremia, hematuria, or pyuria), therapy is 

ideally initiated based on culture results. As well, removal of the catheter is 

recommended (Weese, 2011). This recommendation is based on the idea that 

the urinary catheter may be colonized with bacteria and act as a nidus for 

continual re-infection (Trautner B2, 2004). As well, biofilm bacteria on the urinary 

catheter are undoubtedly more resistant to antimicrobials than their planktonic 

counterparts (Olson, 1989). Bacteria are usually present in biofilm form on the 

urinary catheter in patients with CAUTI (Stamm, 1991) (Morgan, 2009) (Stickler, 

2008). Systemic antimicrobial therapy in a rabbit model of urinary tract biofilm 

has been shown to be most effective against planktonic bacteria, followed by 

biofilm bacteria adhered to the bladder mucosa, and least effective against 

bacteria adhered to the surface of a urinary catheter (Olson, 1989). This 

reduction in susceptibility to systemic antimicrobials has led to the initial 

recommendation of increasing the dose of antimicrobial therapy to eradicate 
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biofilm bacteria from the catheter surface (Olson, 1989).  

 

1.8.4 Silver Coated Urinary Catheters in Human and Veterinary 

Medicine 

 Silver has been used in multiple scenarios as an antimicrobial agent, 

including intravenous catheters (Maki, 1977), orthopedic implants (Hardes, 2007) 

(Masse`, 2000), wound products (Furr, 1994), and urinary catheters.  One of the 

first clinical trials aimed at identifying the efficacy of these catheters was 

performed in 1986 by Lundeberg in human patients. Twelve percent of the silver-

coated group patients developed bacteriuria vs. 34% in the standard catheter 

group three days post-catheterization (p<0.001). A significant reduction in CAB 

was also noted by Liedberg et al. in 1990. In this study, 120 patients requiring 

urinary catheterization were randomly assigned to receive either a traditional 

latex urinary catheter, or a silver coated urinary catheter. A significant difference 

was found between the two groups with 10% (6/60) clinically significant 

bacteriuria in the silver catheter group, and 37% (22/60) in the latex catheter 

group (p<0.01) (Liedberg, 1990). It is important to note that bacterial counts > 105 

CFU/mL were considered clinically significant in this study. No comment was 

made in regard to clinical signs associated with the development of bacteriuria. 

The lack of cytological evaluation of urine sample makes determining clinically 

significant bacteriuria difficult.  

 In 1990, Johnson et al. published a clinical trial comparing a silver oxide 

catheter to a control catheter (Johnson, 1990). In this study, two consecutive 
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urine cultures demonstrating >102 CFU/mL were required for patients to be 

classified as having a UTI. A priori power analysis was performed and no overall 

effect of catheter type was seen on CAUTI (Johnson, 1990). When the data was 

stratified, fewer CAUTIs were seen in women who did not receive concurrent 

antimicrobials in the silver catheter group (0/19, 0%) when compared to the 

control group (5/26, 19%) (p= 0.04) (Johnson, 1990), ie, administration of 

antibotics was associated with CAUTIs. An increased prevalence of external 

urethral orifice colonization with gram negative bacteria has been noted in 

females (60%) compared to males (17%) (Larsen, 1986). Given the increased 

colonization rate noted, and the effect of antimicrobials, it is possible that 

systemic antimicrobial therapy selects for urovirulent strains of bacteria. 

Alternatively, antimicrobial therapy may eradicate commensal organisms and 

promote UTI from invading organisms. In contrast, in a large randomized clinical 

trial comparing 5% silver oxide coated silicone catheters to standard latex coated 

catheters, silver oxide urinary catheters were shown to significantly reduce the 

frequency of CAB (43/602, 7.1% compared to 48/447, 10.1%) (p=0.05; OR 0.64, 

95% CI 0.41 to 1.00) in patients concurrently receiving antimicrobials (Riley, 

1995). Significant reduction in CAB was noted in female patients, with a 12.4% 

CAB rate compared to 19.6% CAB rate in the control group (p=0.01) (Riley, 

1995). The combination of antimicrobial use and female patient status provided 

more evidence of efficacy of these catheters reducing catheter-associated 

bacteriuria, with 8.1% CAB in the silver group compared with 16.2% in the control 

groups (p=0.004) (Riley, 1995). In contrast to female patients where 

administration of antimicrobials was associated with significant differences 
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between the treatment groups, administration of antimicrobials in the male 

patient groups was not associated with different bacteriuria rates (Riley, 1995). 

Interestingly, in male patients that did not receive antimicrobials, control 

catheters were associated with less CAB (8.3% in the control group vs 29.4% in 

the treatment group, p= 0.02). It appears that, in this study, silver-coating of 

urinary catheters were able to reduce CAB in female patients receiving 

antimicrobials. This suggests a possible synergistic effect of the silver-coated 

catheter with systemic antimicrobials. This study also reported a significant 

reduction in time to onset of bacteriuria when patients with silver oxide coated 

catheters (4.5 days) were compared with the control group (6.1 days) (p=0.02). 

The authors concluded that this finding was due to males not receiving 

antimicrobials, and questioned the utility of silver-oxide catheters in males. 

Finally, when patients were stratified by sex, type of catheter used, and 

antimicrobial use, women with a silver coated catheter and antimicrobial 

administration had a longer bacteriuria free period than control catheter women 

receiving antimicrobials (p=0.02) (Riley, 1995). Based on these results, the 

authors’ overall conclusion was that silver oxide coating of catheters failed to 

reduce infection rates in this study (Riley, 1995). Similar to the previous study, 

the lack of cytological inspection of samples does not permit the diagnosis of 

infection versus bacteriuria. Despite this terminology, the study conclusions, and 

stratified data within the study, there is ample evidence presented to support the 

use of silver coated catheters in female patients. The evidence presented in male 

patients from this study remains controversial (Riley, 1995).  

One of the largest clinical trials performed in humans measured the rate of 
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CAUTI in hospitalized patients catheterized with silver-alloy hydrogel-coated 

latex Foley catheters and silicone-coated latex catheters (Karchmer, 2000). This 

was a randomized crossover clinical trial, in which the silver-alloy hydrogel-

coated latex catheter was compared with a silicone-coated catheter 

manufactured by the same company. Hospital wards were randomly assigned 

and stocked with either the treatment catheter or the control catheter. After a 6-

month period, the wards were stocked with only the control catheter for a month 

(to act as a ‘wash-out’ interval). Following the wash out, the opposite catheter 

was stocked in the ward. In this study 1.23 CAUTIs per 1000 patients were 

identified and the rate of infection per 1000 patient-days was significantly 

reduced with the use of silver alloy coated catheters (2.66) compared with 

uncoated catheters (3.35) (RR = 0.79; P = .04) (Karchmer, 2000). Interestingly, 

of the 343 patients with infections, 89 were in crossover catheters. A large 

proportion (70.8%) of patients initially had a silver coated catheter placed, but 

were in the crossover portion of the trial, and subsequently had a non-silver 

coated catheter in place at the time of infection (Karchmer, 2000). This 

discrepancy again suggests that silver alloy coating of the urinary catheter was 

beneficial in reducing CAUTI rates (Karchmer, 2000). In contrast to a previously 

mentioned study (Riley, 1995) no difference was noted between male or female 

patients in this study (Karchmer, 2000). Additionally, no assessment was made 

for the effect of antimicrobial use in this study (Karchmer, 2000). This 

investigation represents the highest level of study design and the strongest 

support for the use of silver-coated urinary catheters because of the clearly 

defined parameters for inclusion and exclusion, a priori power analysis, and 
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randomized crossover design. 

In contrast, a randomized multi-center clinical trial comparing silver-salt-

coated catheters and latex catheters was published in 2000 and revealed no 

significant difference in CAUTI between groups (silver group- 9/90, 10%, latex 

group- 13/109, 11.1%) (Thibon, 2000). This study included patients catheterized 

for at least 3 days but excluded patients receiving antimicrobial therapy. 

However, a meta-analysis of clinical trials and review articles comparing silver 

coated urinary catheters and standard latex catheters was supportive of a 

beneficial effect of silver coated urinary catheters at reducing the frequency of 

CAB (Beattie, 2011). 

Recently, coating of urinary catheters with a sustained release 1% 

chlorhexidine coating has been evaluated to reduce the risk of catheter-

associated biofilms in dogs (Segev, 2013). This trial took place in two parts; the 

first assessing the safety of catheterizing the lower urinary of dogs with a 

chlorhexidine coated urinary catheter. The second part of the trial was aimed at 

assessing the biofilm reducing capability of the coated catheter. Patients 

requiring urinary catheterization were randomly assigned to receive a standard 

catheter or a chlorhexidine-coated catheter (Segev, 2013). Following 

catheterization for a minimum of 24 hours, the catheter was removed and 

assessed for adhered bacteria using sonication techniques, confocal laser 

scanning microscopy, and scanning electron microscopy to further describe 

adhered bacteria. Numbers of adhered bacteria were significantly lower in the 

treatment group compared to the control group (P<0.001), and both confocal 

laser scanning microscopy and scanning electron microscopy determined 
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significantly less adhered bacteria on chlorhexidine treated catheters vs. control 

catheters (Segev, 2013). Both of these assessments were subjective in nature, 

but represent an initial investigation into coated catheters in veterinary medicine.   

Table 2 – Summary of silver-coated catheter clinical trials in humans  

Author Year Study 
Design 

Population Outcome 
measures 

Key results 

Lundeberg 1986 Prospective 
randomized 
clinical trial 

102 
catheterized 
patients 

CAB (>102 
CFU/mL 
urine) 

Significant 
difference in 
CAB at 3 days 
catheterization 
(12% silver, 
34% control, 
p<0.001) 

Leidberg 1990 Randomized 
clinical trial 

120 
catheterized 
patients 

CAB (>105 
CFU/mL 
urine) 

10% CAB in 
silver group vs. 
37% in control 
(p<0.01) at 6 
days 

Johnson 1990 Prospective 
clinical trial 

482 CAUTI (two 
consecutive 
positive 
cultures ≥ 102 
CFU/mL 
urine) 

Silver catheter 
reduced CAUTI 
in women not 
receiving 
antibiotics (0% 
vs 19% in 
control, p=0.04) 

Riley 1995 Randomized 
clinical trial 

1309 
hospitalized  
patients 

Bacteriuria 
(Positive 
culture >103 
CFU/mL 
urine) 

Women with 
silver catheter 
had longer 
bacteriuria free 
period 

Karchmer 2000 Randomized 
crossover 
trial 

27878 
hospitalized 
human 
patients (ward 
randomization) 

Urinalysis + 
symptomatic 
or 
asymptomatic 
positive urine 
culture 

Significantly 
lower relative 
risk of UTI in 
silver coated 
catheters (RR 
0.68, 0.54-0.85, 
p=0.01) 

 

1.8.5 Mechanism of Action of Silver 

 Silver can be present in multiple forms, including ionic, bound, and 
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recently, as nano-particles. An in-vitro study assessing silver impregnated 

dressings placed on a wound model (agar) inoculated with various strains of 

bacteria noted an antibacterial effect (Furr, 1994). This effect was reduced by 

combining silver and sodium thioglycolate, supporting a mechanism of action 

dependent on silver ions (Ag+) binding sulfhydryl groups (Furr, 1994). Jung et al 

(2007) also documented the antibacterial activity of Ag+ produced by a 

commercial laundry machine against Staphylococcus aureus and Escherichia 

coli strains. Transmission electron microscopic examination of E. coli and S. 

aureus revealed damage to the cell membrane, release of cell contents, and 

electron density abnormalities within the cytoplasm (Jung, 2007). Similar findings 

have been noted in a separate investigation, but silver particles were detected 

adjacent to a zone of condensed deoxyribonucleic acid (DNA) in the nucleus 

(Feng, 2000). These findings together suggest a pathologic interaction between 

silver ions and the bacterial cell wall, rendering the organism unable to take in 

important substrates for growth and division, which leads to bacterial death 

(Jung, 2008) (Feng, 2000).   

 Compounds generated from silver ions have been investigated. By 

supplying silver-zeolite compounds with dissolved oxygen and comparing them 

to de-oxygenated systems, bactericidal activity was initiated against E. coli 

organisms (Inouea, 2002). Complete cessation of E. coli growth was noted for 

the oxygenated form compared with 106-107 colony forming units for the non-

oxygenated system (Inouea, 2002). Concurrently, bactericidal concentration of 

silver ion was determined in this study, and revealed to be below detectable 

levels in this system (Inouea, 2002). These findings suggest that, for some forms 
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of silver, generation of reactive oxygen species (ROS) is necessary for efficacy, 

independent of ionization (Inouea, 2002).  

 Investigation has also begun on the antibacterial properties of atomic 

silver particles of minute scale. Silver nanoparticles are defined as existing 

between 1 and 100 nanometers (Anssi Auvinen, 2010). Scanning and 

transmission electron microscopy have been used to evaluate the mechanism of 

bactericidal action of silver nano-particles (Kora, 2011). A dose dependent 

inhibition of P. aeruginosa was noted, and minimum inhibitory concentrations of 

2µg/mL were demonstrated (Kora, 2011). By combining silver nanoparticles with 

free radical scavengers, the authors were able to demonstrate inhibition of 

bacterial growth (Kora, 2011). Visualization of the bacteria by electron 

microscopy revealed cell wall disruption. These results support the theory that 

silver nanoparticles cross the cell membrane and generate ROS (Kora, 2011). 

Generation of ROS causes cell membrane damage and disruption, leakage of 

intracellular contents, and subsequent cell dysfunction and death (Kora, 2011). It 

appears that ionic silver and nanoparticulate silver may share some mechanisms 

of action, namely, damage to the cell envelope that is dependent on generation 

of ROS. 

 

1.8.6 Toxicity profile of silver 

 Data regarding the toxicity profile of silver on implanted devices is limited 

(Lansdown, 2010). The principle routes of absorption of silver in people are the 

gastrointestinal tract (buccal membranes, ingestion), inhalation (occupational), 

and dermal contact with percutaneous absorption (Lansdown, 2010). Of most 
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interest is silver that comes into contact with cutaneous tissues (wound 

dressings), or silver that is implanted in the form of vascular or urinary catheters 

and is in contact with mucous membranes. Cutaneous contact with ionic silver 

appears to have few side effects other than sporadic reports of allergic 

responses (Burrell, 2003). It has been suggested that devices with polymeric 

silver bound to their surface elicit their activity by release of ionic silver, and are 

mostly inactivated in the presence of plasma proteins and organic ions that may 

bind ionic silver (Burrell, 2003). This would suggest a low concern for systemic 

absorption and subsequent toxicity. 

 It has been reported elsewhere that ionic silver is the active, antibacterial 

form (Furr, 1994); however, non-ionic silver has been shown to have biocidal 

activity as well (Sondi, 2004) (Kora, 2011). These findings should raise questions 

regarding the safety of absorbed silver in any form. The amount of systemic 

silver absorbed in human patients with implanted urinary catheters and 

intravenous catheters is not currently known (Lansdown, 2010).  A clinical study 

involving implanted prostheses coated with silver in people has shown no clinical 

side effects in 20 patients over 19 months, despite elevated serum and urine 

concentrations of ionic silver (Hardes, 2007). As well, elevated serum silver 

levels have been noted in patients implanted with silver coated orthopedic 

devices, yet no adverse effects were documented (Massè, 2000). Conversely, 

elevated local concentrations of silver have been implicated in regional 

neuropathy following total hip arthroplasty using a silver coated prosthesis, which 

resolved following explantation (Vik, 1985). Taken together, these studies 

highlight the low risk posed by implanted forms of silver for biomedical 
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applications. This low risk likely holds true for silver bound to catheters, but 

scientific evidence is lacking.  

 1.9 Biofilm 
 A biofilm is defined as: (1) adherence of the microorganisms, either to a 

surface or to each other; (2) a change in gene expression resulting in a different 

phenotype from the planktonic state; and (3) an extracellular matrix (ECM) 

composed of host components and secreted bacterial products (Trautner B1, 

2004). Bacteria exist in two forms in the lower urinary tract of catheterized 

patients; planktonic (free-living), or, a sessile community living on a surface 

(biofilm) (Trautner B1, 2004). Traditional views on CAB have been of planktonic 

bacteria; however, the life form of more consequence and interest may be the 

biofilm.  Biofilms convey several advantages to bacteria including resistance to 

being voided by physiological urination (Trautner B1, 2004), and resistance to 

antimicrobial therapy and the immune system (Olson, 1989). As well, multi-

species biofilms have been created in vivo, and shown to have the capability to 

transfer antimicrobial resistance genes between species (Roberts, 1999). The 

ability to disseminate antimicrobial genes among different species theoretically 

will promote development of antimicrobial resistant strains (Roberts, 1999). While 

the time to development of catheter biofilm undoubtedly varies based on patient, 

bacteria, and urinary catheter care factors, significant bacteriuria can occur in 

catheterized canine patients within 48-72 hours (Ogeer-Gyles, 2006) (Sullivan, 

2010). 

 Biofilm bacteria in colonies have been likened to eukaryotic tissues, from 

their ability to protect individual members, to selective expression of efficient 
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genotypes and phenotypes from individual organisms, to shedding of less 

efficient organisms for the purpose of seeding new environments (Costerton, 

1995).  

 The stages of biofilm formation have been divided into five distinct 

temporal periods for Pseudomonas aeruginosa, with sub-stages noted to further 

classify biofilm formation (Sauer, 2002). Stages identified were as follows; 1) 

reversible attachment, 2) irreversible attachment, 3) maturation, 4) maturation II, 

and 5) dispersion (Sauer, 2002). Once bacteria gain access to the lower urinary 

tract, they must adhere to the surface of the catheter. This requires a step called 

preconditioning (Teiszer, 1998). Preconditioning is the process of secreting 

proteins, electrolytes, and urea in a layer on the catheter surface, which allow the 

organism to adhere to the surface. In a study of preconditioning films on ureteral 

stents, SEM and energy dispersive X-ray analysis (EDX) were used to 

investigate microbiological, crystalline, and elemental deposition of silicone and 

polyurethane/polyester stent surfaces. The investigators noted adhered bacteria, 

crystalline material, and the following elements on the stent surface: calcium, 

magnesium, phosphorus, sodium, chlorine, potassium, and sulfur, although fewer 

deposited material were noted on non-silicone stents (Teiszer, 1998). These 

depositions appeared to be independent of time of stent implantation, but may 

have been “patient dependent,” indicating some patients may be more or less 

prone to biofilm formation and subsequent infection (Teiszer, 1998). This implies 

that similar preventative strategies or therapeutics may not be effective for all 

patients.  

 Silver hydrogel coated urinary catheters used for long-term (not defined in 
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study, but catheterization time ranged from 5-14 days) indwelling catheterization 

in humans were evaluated for biofilm formation by scanning electron microscopy 

at the time of removal and revealed a crystalline base-layer in the lumen of the 

catheter covered with a large number of bacteria (Morgan, 2009). 

 In the reversible attachment phase, organisms may transiently attach, or 

may detach after a period of time. This has been suggested to occur as quickly 

as several seconds to minutes (Kishen, 2012); however, other in vitro evidence 

points to longer times to achieve attachment (Koseoglu, 2006).  There appears to 

be a lack of cell clustering in this stage (Sauer, 2002). As well, this model 

appeared to display the importance of flagella in the reversible attachment 

phase, as a non-motile flagella mutant strain failed to initiate biofilm formation. 

This finding has been corroborated in a separate study (Pratt, 1998). These 

findings highlight a potential target for prevention of biofilm formation, as 

rendering organisms immobile has been shown to retard biofilm formation 

(Sauer, 2002) (Pratt, 1998). In the irreversible attachment phase, cells cluster 

together, motility ceases, and all cells are in contact with the substratum (Sauer, 

2002). As well, activation of the Las quorum sensing gene was noted during this 

stage, which was shown in this study to be important for generation of 

extracellular polysaccharide matrix (Sauer, 2002). Scanning electron microscopic 

examination of E. coli biofilm formation in vitro has shown that attachment may 

take place within 4-12 hours (Koseoglu, 2006). This time frame indicates that 

strategies to prevent biofilm formation need to be in place prior to, or at the time 

of, bacterial introduction if they are to have a reasonable chance of preventing 

biofilm formation. Layering of organisms is a necessary characteristic of the 
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maturation phase (Sauer, 2002). The maturation phase continues into the 

maturation II phase, during which average biofilm thickness reaches a maximum 

(100µm), cells become immotile, the majority of cells are clustered, and clusters 

reached their maximum dimensions (Sauer, 2002). This took approximately 6 

days in Pseudomonas biofilms (Sauer, 2002), but may appear earlier in biofilms 

of E. coli (Koseoglu, 2006). The majority of cells in this stage are separated into 

distinct clusters (Sauer, 2002) (Koseoglu, 2006). Clusters reach maximum 

dimensions during this stage, and displacement from the substrate is noted 

(Sauer, 2002). The final stage is dispersement. During this stage, organisms are 

released from the community structure (Sauer, 2002). It appears from Sauers’ 

investigation that organisms left the biofilm preferentially from the center of the 

layering, through pore systems free from extra-cellular matrix (Sauer, 2002). 

Water channels have been described in mature E. coli biofilms as early as 12 

hours after inoculation (Koseoglu, 2006). Dispersement phases were noted 

beginning at 9 days in Pseudomonas biofilms (Sauer, 2002). From these 

investigations, we can conclude that liberation of planktonic bacteria from mature 

biofilms may occur in a matter of days. These in vitro studies highlight the 

potential species specificity involved in biofilm formation. The different surfaces 

used in these studies may have affected the rate and quantity of biofilm 

formation.  

  

1.9.1 Methods of In Vitro Biofilm Assessment 
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Biofilms may be examined using scanning electron microscopy (SEM) 

(Ganderton, 1992) (Franson, 1984) (Cox, 1989) (Broomfield, 2009) (Desai, 2010) 

(Segev, 2013) (Morgan, 2009) (Djeribi, 2012), light microscopy (Kishen, 2012), 

epifluorescence microscopy (Wolfaardt, 1993), confocal scanning laser 

microscopy (Burnett, 2000), crystal violet (CV) staining, microtitre plate assay 

(MPA) (Stepanovic, 2007) (Rivas, 2007) (Naves, 2008), BioFilm Ring Test® 

(BRT) (Chavant, 2007), resazurin (RZ) fluorescence assay (O'Brien, 2000) 

(Peeters, 2008), roll plate method (Maki, 1977), and sonication (Constantinou, 

1981). 

Early SEM examination of naturally forming E. coli bacterial biofilms was 

reported in 1992 by Ganderton, et al. 44 of 50 patients catheterized from 3-83 

days (mean 35) had documented biofilm using SEM (Ganderton, 1992). Only 

37/50 patients were correspondingly bacteriuric (defined as positive urine culture) 

at the time of catheter removal (Ganderton, 1992). 75% of biofilms were 

polymicrobial, and ranged in thickness and organism density, with time of 

catheterization not associated with biofilm dimensions (Ganderton, 1992). This 

initial investigation highlights the variable structure of naturally occurring biofilms, 

and provides evidence that negative urine cultures do not exclude the possibility 

of biofilm formation on an indwelling urine catheter. Since then, SEM has been 

used either alone (Cox, 1989) (Broomfield, 2009) (Morgan, 2009), or in 

combination with the roll plate technique (Franson, 1984), or sonication (Desai, 

2010)(Segev, 2013) to evaluate the structure of biofilm and biofilm-associated 

encrustations on biomaterials. Different forms of SEM are available, and have 

been directly compared in their ability to view biofilm (Sutton, 1994). 
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Conventional SEM requires critical point drying or freeze drying, which 

subsequently dehydrates the ECM of the biofilm, resulting in loss of much of the 

ECM of Streptococcus species (Sutton, 1994). However, excellent detail of the 

organisms can be noted (Sutton, 1994). Low temperature SEM provides better 

visualization of the ECM (Sutton, 1994). A newer form of SEM, Electroscan, 

allows specimens to remain fully hydrated during viewing, resulting in images of 

both organisms and ECM (Sutton, 1994). However, resolution of images suffers 

(Kishen, 2012). For full quantification of biofilm formed using SEM techniques, 

ECM and organisms would be evaluated at high resolution, with as few artifacts 

as possible. This highlights the complementary aspects of these techniques 

(Sutton, 1994). Objective visualization of organisms under SEM cannot 

differentiate between viable and non-viable organism, which must be taken into 

account. 

Microtitre plate assay is based on bacterial biofilm formation on the walls 

of a polystyrene plate (Christensen, 1985) (Stepanovic ́, 2007). Bacteria are 

cultured in broth, and form biofilm on the walls of the plate. The biofilm is stained 

using crystal violet, liberated from the walls of the plate, and the optical density 

(OD) of the biofilm solution is measured. Comparisons can then be made 

between different strains of bacteria. The description of the MPA and 

interpretation of the results have been summarized elsewhere (Stepanovic, 

2007) (Rivas, 2007). Disadvantages of the MPA include it’s time to completion 

(24-48 hours) (Chavant, 2007), the varying methodology, (Chavant, 2007) 

(Stepanovic, 2007) (Rivas, 2007) (Naves, 2008), and the inability of the MPA to 

differentiate viable from non-viable cells (Sandberg, 2009) (Kishen, 2012). 
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Another investigation has suggested the limited ability of MPA to quantify P. 

aeruginosa (Peeters, 2008). Despite this it has recently been used to evaluate 

biofilm formation of clinical isolates from the ears of dogs with otitis externa (Pye, 

2013), and is considered the gold-standard assay for in-vitro biofilm formation 

(Stepanovic ́, 2007)(Crémet, 2013) 

Sonication of vascular catheters was first reported in 1981 (Constantinou, 

1981). Sonication involves active removal of organisms from the surface of the 

catheter allowing quantitation of surface bacteria. Sonication provides colony 

forming unit counts, an advantage over traditional roll plate methods (where a 

catheter is rolled onto agar and colony forming units counted (Maki, 1977) for 

quantification of bacterial numbers (Bonkat, 2011) (Slobbe, 2009).  Sonication 

works by ultrasound waves creating high and low pressure areas (Bonkat, 2011). 

In the low pressure areas, vapour bubbles are formed, which collapse, and 

release energy via the collapsing particles colliding together (Piyasena, 2003) 

(Bonkat, 2011). This release of energy liberates organisms from the surface of 

the object (Esteban, 2008). However, excessive formation of pressure and 

energy via sonication and cavitation also is the principal mechanism of 

organismal death (Piyasena, 2003). The effect of sonication time and intensity 

has been reported for various organisms (Scherba, 1991). It appears from this 

investigation that at a frequency of 26 KHz, time is a significant factor related to 

inactivation of all bacteria types tested, including E. coli (Scherba, 1991). Below 

10 minutes, up to 100% of organisms may be inactivated, depending on the 

intensity (pressure noted within the test field) (Scherba, 1991). These tests were 

performed on planktonic bacteria in a water medium (Scherba, 1991). Johnson et 
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al. (1998) tested sonication frequencies in combination with antimicrobials on in 

vitro E. coli biofilms, and found that sonication alone at 70 KHz for 2 hours was 

not able to significantly reduce bacterial biofilm viability compared to the control 

(Johnson L. L., 1998). It appears that from these studies, biofilm bacteria may be 

inherently less susceptible to sonication-induced inactivation than planktonic 

forms. Regardless, the time that the organism is subjected to sonication may 

remain an important factor in inactivation. Sonication has been shown to have 

high predictive values for catheter-related bacteremia (Sherertz, 1990), and has 

been shown to improve rates of detection of bacteria from implanted prostheses 

in humans (Trampuz, 2007) (Tunney, 1998) (Esteban, 2008). Sonication has 

been used to determine the degree of colonization of silver-coated urinary 

catheters compared to non-coated catheters, and has found no difference in one 

investigation (Desai, 2010). The investigation in question; however, used a 

relatively long sonication time when compared with other studies (Trampuz, 

2007) (Tunney, 1998) (Esteban, 2008) (Bonkat, 2013) (Bonkat, 2011). Bacterial 

viability may have been affected by excessive sonication time and frequencies 

reported in the study (10 minutes at 55,000 Hz), which may have led to lack of 

significant differences noted in the study (Desai, 2010). Sonication has also been 

used to detect infecting organisms associated with suprapubic catheterization in 

people (Bonkat, 2013). In this clinical study, sonication yielded positive cultures 

in 95% of humans catheterized suprapubically (Bonkat, 2013). Improved rates of 

detection of colonization of ureteral stents in people have been shown using 

sonication techniques when compared with conventional urine culture (Bonkat, 

2011). Overall, sonication appears to be a more sensitive technique for detecting 
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biofilm, and offers the advantage of being quantitative. Unfortunately, varying 

methodologies are reported, which makes standardization of the technique 

difficult.  

The roll plate method, where a catheter segment is physically rolled on a 

growth medium and resultant bacterial colonies counted (Maki, 1977), was 

compared to the sonication method in a group of human patient with long term 

intravenous catheters (Slobbe, 2009). Catheters were collected after removal, 

and subjected to either the roll plate technique or sonication (Slobbe, 2009). No 

difference was found in sensitivity or specificity of these two techniques in regard 

to catheter-related blood stream infections (Slobbe, 2009).    

A newer method of qualifying biofilm formation, termed the BioFilm Ring 

Test® (BRT) (Chavant, 2007) is based on magnetic rings that are immobilized in 

the presence of sessile bacteria. Biofilm bacteria will grow in or over small 

magnetized rings, rendering the rings immobile (Chavant, 2007). Biofilm 

formation can be assessed by subjecting the rings to a magnetizing force, and 

lack of concentration of the rings near the magnetic force indicates biofilm 

formation (Chavant, 2007). This method has the potential for rapid (less than 12 

hour) screening for biofilm formation, but cannot quantify biofilm formation 

(Stepanovic, 2007) (Rivas, 2007).  

 Three methods for in vitro assessment of biofilm formation (crystal violet 

[CV] staining or microtitre plate assay, BRT®, and resazurin [RZ, fluorescence] 

assay) were compared for assessment of biofilm formation by E. coli isolates 

(Crémet, 2013). RZ fluorescence assay involves applying resazurin to biofilm 

cells (Peeters, 2008). Viable cells will reduce resazurin to a fluorescent product, 
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which can be quantified (O'Brien, 2000). Strong correlation was noted between 

the CV and BRT, and between CV and RZ. No significant correlation was noted 

between BRT and RZ (Crémet, 2013). Clearly, there are many different ways to 

assess biofilm formation. At this time, MPA remains the gold standard for 

quantification of biofilm formation (Crémet, 2013), however, it has limitations, and 

other screening tests (BRT) may provide faster results of the presence of biofilm 

(Chavant, 2007).  

 

1.9.2 Prevalence of Urovirulence Factors 

 Understanding bacterial life involves understanding the predominant form 

of bacterial existence, the biofilm (Pratt, 1998). The genetic basis of biofilm 

initiation and maintenance is of interest for the prevention of biofilm formation, 

treatment of existing biofilm based infections, and screening patients for biofilm 

producing bacteria.  

Of particular interest with regard to E. coli UTIs is the presence of 

elements that enhance their ability to invade and colonize the lower urinary tract, 

so called uropathogenic virulence factors (Kaper, 2004). E. coli organisms that 

possess these virulence factors are termed uropathogenic E. coli (UPEC) (Kaper, 

2004).  

Multiplex polymerase chain reaction (PCR) has been used to detect the 

presence of genes encoding for these virulence factors in UPEC isolates from 

human patients (Yamamoto, 1995). The distribution of uropathogenic virulence 

factors has been assessed in the dog using this PCR technique (Yuri, 1998) 

(Low, 1988). Clinical isolates of E. coli from the urinary tract of affected patients 
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have been shown to have higher frequencies of uropathogenic virulence factors, 

supporting them as important pathophysiologic entities (Yuri, 1998). There is 

evidence to suggest that similar uropathogenic virulence factors are present on 

human and canine strains of UPEC (Low, 1988). As well, some strains colonizing 

the urinary tract have been shown to be the same strain that is considered 

normal flora in the lower gastrointestinal tract (Low, 1988). A high prevalence of 

type 1 pilus containing E. coli (92% in dogs with UTI, 90% in the lower GI tract of 

healthy control dogs) has been noted (Yuri, 1998).  

A separate study has revealed the following prevalences of these 

virulence factors: papC/papEF (21/45, 47%), sfa (15/45, 33%), cnf1 (14/45, 31%) 

and hlyA (12/45, 27%) (Osugui, 2014).  Correlation between multiple genetic 

virulence factors and biofilm formation has been performed in human isolates, 

and results indicate that papC and papG alleles, sfa/focDE, focG, hlyA and cnf1 

were significantly more common in strong biofilm producers (Naves, 2008). A 

separate analysis of clinical E. coli isolates from humans revealed hemolysin and 

type I fimbriae were significantly associated with in vitro biofilm formation (Soto, 

2007). These comparisons have not been performed using canine UPEC.  

1.9.3 E. coli Biofilm Genetics 

In 1998, Pratt and Kolter documented the importance of motility and 

adherence in initiation of biofilm formation (Pratt, 1998). By using E. coli mutants 

with absent or non-functioning flagella, or, type I pili, they documented a 

reduction in biofilm formation using a modification of the microtitre plate assay 

(Pratt, 1998). From these observations, the authors created a model of biofilm 

attachment that is dependent on flagella (motility) to direct organisms to the 
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surface, and type I pili to attach to the surface (Pratt, 1998). Interestingly, 

chemotaxis negative mutants were unaffected in biofilm formation. 

Measurements of biofilm formation were undertaken at 24 hours, so the role of 

chemotaxis, motility, and adherence in maturation of the biofilm could not be 

established (Pratt, 1998). 

 The ability of organisms to change expression of certain genes to enhance 

their ability to form biofilms has been proposed, and has been termed “phase 

variable,” in that gene expression is dependent on bacterial phase, planktonic or 

sessile (Schembri, 2003). A large scale in vitro investigation using DNA 

microarrays was performed to determine differential gene expression between 

planktonic and sessile forms of one E. coli strain (Schembri, 2003). The entire 

protein encoding genome was evaluated, and when the sessile phase was 

compared to the planktonic phase, 206 (4.8%) genes were up regulated and 27 

(0.63%) were down regulated (Schembri, 2003). Of the up-regulated genes, 

genes encoding factors for adhesion (type I fimbriae) and auto-aggregation 

(Antigen 43) were more frequently noted (Schembri, 2003).  A similar study found 

that the following morphologies of genes were upregulated when E. coli biofilms 

were grown on either glass wool or metallic media and compared to planktonic 

phase: heat shock proteins, regulators of superoxide response regulon, global 

regulator, haemolysin expression modulating protein, regulator, glutamine 

synthetase, leader, RNA synthesis, modification, DNA transcription, fimbrial 

morphology, transcription termination factor Rho, polarity suppressor, factor, 

DNA-replication, repair, restriction/modification, methionine adenosyltransferase 

1 (adomet synthetase), methyl and propylamine donor, corepressor of met 
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genes, anthranilate synthase component I, and several putative and unknown 

genes (Ren, 2004). From these studies, it is clear that phenotypes which 

promote motility, adherence, and aggregation are promoted, and in some cases 

essential, for biofilm formation.  The presence, or absence, of these genotypes 

as they relate to biofilm formation has not been investigated in the dog.  

 In 2004, Beloin et al used DNA arrays to study up and down regulation of 

E. coli genes in mature biofilms of a laboratory strain (E. coli K12). This 

investigation revealed the up regulation of 250 genes (5.8%, p<0.05) and the 

down regulation of 188 genes (4.4%, p<0.05) (Beloin, 2004). Genes upregulated 

fit into three main categories; those involved in cellular stress responses 

(pspABCDE, cpxP, spy, rpoE, rseA, rseB,recA, dinI) cell envelope biogenesis 

and transport (imA, tatE), those involved with energy (cyoD, sucA, sixA, nifU) and 

carbohydrate metabolic functions (rbsB, lamB), and genes of unknown function 

(48%) (Beloin, 2004). These techniques have not been used to assess for global 

gene expression in uropathogenic E. coli isolates from canids.  

1.10 Objectives 
 

1. To compare bacterial biofilm formation, sonication, and SEM between silver 

and non-silver coated urinary catheter samples incubated in known bacterial 

culture broths in vitro. 

 

2. To evaluate the biofilm formation of uropathogenic E. coli of canine origin and 

the association of biofilm formation with the presence of selected potential 

virulence factors 
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3. To compare the incidence of acquisition of positive culture, CAB, and CAUTI in 

dogs catheterized with a silver coated silicone urinary catheter compared to a 

non-silver coated silicone catheter in a prospective, randomized, controlled, 

clinical trial.  

  
1.11 Hypotheses  
 

1. Silver-coated urinary catheters will develop significantly less bacterial biofilm 

than non-silver-coated urinary catheters. 

 

2. The presence of urovirulence factors in uropathogenic E. coli will be 

associated with higher levels of biofilm formation.  

 

3. Silver coated urinary catheters will result in a reduced incidence and rate of 

acquisition of positive culture, CAB, and CAUTI when compared with silicone 

urinary catheters 
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2.1 Abstract  
A silver-coated urinary catheter was compared to a non-silver coated urinary 

catheter for the ability to reduce adherence of  6 isolates of E. coli. Catheters 

were incubated with E. coli strains for 0, 24, 48, and 72 hours. Broth was 

sampled at all time points to determine CFU/mL. Catheters were subjected to 

sonication to determine adhered bacteria at all time points, and SEM to semi-

quantitatively assess biofilm formation. Significant differences were noted at time 

24, 48, and 72 hour for sonicate values. Silver-coated catheters had less 

adhered bacteria at these times points than non-silver coated catheters. 

Subjectively, silver coated urinary catheter had less biofilm formation than 

silicone urinary catheters as assessed by SEM. Silver coating of catheters was 

associated with reduced adherence of E. coli in an in vitro evaluation. Testing of 

catheters in dogs in vivo is required to determine if a reduction in catheter-

associated urinary tract infections is noted.  
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2.2 Introduction 
 Indwelling urinary catheters are used frequently in human and veterinary 

practice but complications associated with their use are reported (1,2). Of 

particular concern is catheter-associated urinary tract infection (CAUTI), defined 

as a urinary tract infection that develops in a patient that has had a urinary 

catheter in place for >24 h (3). Estimating the incidence of CAUTI in dogs is 

difficult because of the failure of most studies to differentiate bacteriuria from 

infection (3,4). Nonetheless, CAUTI is recognized as an important complication in 

catheterized dogs (3,4). 

 One complicating factor in the management of CAUTIs is bacterial biofilm. 

A biofilm is a population of bacteria adhered to a biologic or non biologic surface 

or each other and encompassed by a self-produced extracellular matrix 

composed of host components and secreted bacterial products (5). Within a 

biofilm, bacteria function as a community with complex cell-cell communication, 

and biofilm-embedded bacteria can resist antimicrobials and the immune system 

based on altered metabolism and physical protection from the biofilm matrix 

(5,6). Biofilm also facilitates persistence of CAUTIs by protecting bacteria from 

being voided during urination.  

 The potential role of biofilms in infections is receiving increasing interest, 

with recent studies implicating biofilm formation on canine wounds (7), lung 

infections (8), and with Staphylococcus epidermidis from canine ears (9). As the 

role of biofilms in bacterial persistence is becoming increasingly clear in a range 

of infections and elimination of biofilm can be difficult, methods that prevent initial 

establishment of biofilm are needed. Antimicrobial coating of implants has been 

investigated as one way to reduce biofilm formation, through prevention of initial 
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bacterial attachment to the implant and growth and biofilm formation. Various 

antimicrobial substances have been studied, including chlorhexidine (10), 

triclosan (11), and silver (12,13). The antibacterial mechanism of action of silver 

is unclear, but proposed theories include protein denaturation, competitively 

inhibiting the functional groups of key enzymes, cell membrane dysfunction, cell 

division interruption, and interaction with DNA base groups among others (14,15).  

A reduction in clinically significant bacteriuria has been noted in humans 

catheterized with a silver-coated urinary catheter when compared to a control 

group (12). In another study (13), human patients with silver coated catheters 

appeared to benefit from a longer bacteriuria free period, suggesting time to 

onset of biofilm formation might be longer. Similarly, chlorhexidine-varnished 

urinary catheters reduced biofilm formation in normal dogs (10).  

 The purpose of this study was to evaluate the impact of silver coating of 

urinary catheters on growth of canine urinary Escherichia coli (E. coli) and on 

adherence of the E. coli to catheters in vitro and to describe bacterial adherence 

using scanning electron microscopy (SEM).  

 

2.3 Material and methods 
 Silicone catheters were coated with a non-eluting, amino-acid based 

polymer coating containing a silver salt (Covalon Technologies Ltd., 

Mississaugua, Ontario). Uncoated silicone catheters were used as controls. Six 

isolates of E. coli from dogs with urinary tract infections that had previously been 

demonstrated to produce biofilm in vitro (data not presented) were studied. 

Isolates were grown overnight on 5% Columbia Sheep’s Blood Agar at 35 
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degrees C. After overnight growth, 10 mL of tryptic soy broth (TSB; Oxoid, 

Nepean, Ontario) was inoculated with E. coli adjusted to a 0.5 McFarland 

standard (~1x106 bacteria/mL).  A sterile 2.5 cm segment of a 10 French silver 

coated (Covalon Technologies Ltd.) or non-silver coated catheter segment was 

aseptically cut and placed into the inoculated broth and incubated in a 37 

degrees C water bath under continuous agitation. Two segments of catheter 

were inoculated for each combination of catheter type and time point. Two 

negative controls for each time point were prepared and monitored for 

contamination using visual inspection and bacterial culture.  

 To assess inhibition of bacterial growth in broth from elution of silver from 

the catheter, 1 mL of the TSB was collected at times 0, 24, 48, and 72 hours. 

Serial 10-fold dilutions were performed in TSB and 100 µL of each dilution was 

spread onto Columbia blood agar (Oxoid). After 24 hours of incubation at 37 

degrees C, colonies were counted on plates containing between 20 and 200 

distinct colonies, and the bacterial concentration in the broth was calculated. If 

contaminants were apparent, the sample was removed from the study. 

 To assess the impact of silver coating on bacterial attachment, 1 catheter 

segment was aseptically retrieved from the inoculum at each time point and 

rinsed 3 times using 9 mL total of sterile phosphate buffered saline (PBS), then 

placed in 10 mL of TSB and sonicated (Branson Ultrasonics, Danbury, 

Connecticut, USA) at 60,000 Hz for 2 minutes to remove adherent (biofilm-

embedded) bacteria (16). The catheter and sonicate were then vortexed 

(Scientific Instruments, Bohemia, New York, USA) and serial 10-fold dilutions 

were made in TSB. Quantitative culture was performed as described above.  
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 The remaining catheter segments designated for sampling at later time 

points underwent aspiration of 9 mL of broth, and replacement with 9 mL fresh 

broth. 

 After 24 and 48 hours, 1 additional catheter segment was removed for 

scanning electron microscopy (SEM). Catheter segments were rinsed using 

sterile PBS to remove non-adherent cells and perfusion-fixed in 2.0 % 

glutaraldehyde in 0.07 M Sorensen’s buffer (pH 7.4) at room temperature. 

Subsequently, catheter sections were washed in PBS for 15 minutes before post-

fixing using a 1:1 solution of 0.05 M buffer/1 % osmium tetroxide for 1 hour. The 

samples then underwent an additional 15-minute wash in distilled water before 

samples were dehydrated in an ascending ethanol series. Sublimation 

dehydration was then performed using hexamethyldisilizane (HMDS), i.e. 70%, 

90%, 100%, 100% ethanol, 100 % ethanol:HMDS (1:1). Finally, sections were 

washed twice in 100 % HMDS (15 minutes each) and left to dry in air. The 

samples were gold sputter-coated (Emitech K550 sputter coater, Ashford, Kent, 

UK) and visualized using a scanning electron microscope (Hitachi S-570; Hitachi 

High Technologies, Tokyo, Japan) with an accelerating voltage of 20–25 kV. Two  

3 mm2 of catheter surface were evaluated for the presence of adhered 

organisms, clustering of organisms, layering of organisms, and the presence of 

extracellular matrix. The surface of the catheter was scanned, and clusters of 

adhered bacteria were identified for semi-quantitative evaluation; these were 

categorized as none, mild, moderate or strong as described in a previous study 

(17). 
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2.3 Statistical analysis 
  Data were analyzed using an unreplicated 3-factor ANOVA factorial 

(silver, time, and isolate). Bacterial numbers were compared for each time point 

and isolate. All 2-way interactions were tested, and nonsignificant interactions 

were removed. Data were log transformed. Ratios of medians were calculated 

(Statistix, Analytical Software, Tallahassee, Florida, USA). P<0.05 was 

considered significant. 

 

2.4 Results 

2.4.1 Comparison of bacterial counts in broth containing silver-
coated and non-silver-coated catheters 

Samples from time points 0 and 24 hours for 3 isolates were 

contaminated, and were excluded from analysis. Bacterial growth was evident in 

broth containing all coated and non-coated catheters. There was no influence of 

bacterial isolate on growth (P>0.25), so that variable was removed from the 

model (Figure 4). As expected, there were no differences in bacterial counts at 

baseline (t0, p=0.3445). Bacterial numbers were significantly lower in broth from 

silver-coated catheters compared to non-silver coated catheters at 24 hours 

(ratio of means 0.6305, P=0.0083) (Figure 1), but not after 48hours, and 72 

hours. 

 

2.4.2 Comparison of bacterial growth in sonicate containing 
silver-coated and non-silver-coated catheters 

Adherent bacteria were identified on all catheters. As with the broth data, 

bacterial strain was a non-significant variable and was removed from the model 

(p>0.25) (Figure 5). There was a significant impact of silver coating, with fewer 



	   	   	   	  71	  

adherent bacteria on silver-coated catheters compared to non-coated catheters 

after 24 hours (ratio of means 3.0083, P= 0.0488), 48 hours (ratio of means 

2.7176, P= 0.0137), and 72 hours (ratio of means 3.4654, P=0.0023) (Figure 2).   

 

2.4.3 Scanning electron microscopic analysis of adhered 
organisms and biofilm  
A single catheter from each group for each time point was selected for subjective 

evaluation of the outer surface of the catheter segments. At time 0 hours, 

occasional organisms were noted adhered to the surface of the control catheter, 

but no clustering, layering, or extracellular matrix (ECM) were noted. At time 24 

hours, occasional clusters of organisms were noted adhered to the surface of the 

control catheter, with no layering or ECM. No organisms or ECM were noted on 

the silver-coated catheter. At time 48 hours, many clusters of organisms were 

seen on the control catheter, and organisms were beginning to stack on one 

another (Figure 3). Minimal ECM was noted. Occasional clusters of organisms 

were noted adhered to the surface of the silver coated catheter, with no layering 

or ECM. After 72 hours, no organisms were noted on either the control or the 

silver-coated catheter. Subjectively, fewer adhered bacteria and fewer clusters of 

bacteria were noted adhered to the surface of silver coated catheters when 

compared to non-silver-coated catheters when comparing all time points save 

time 0 and 72 hours (Figure 3).  

 

2.5 Discussion 
 Silver coating of urinary catheters is a potentially useful approach to 

reduce the incidence of CAUTI because the antibacterial properties of silver 
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could inhibit establishment of initial catheter colonization and subsequent biofilm 

formation (Ogilvie, In Press). One consideration with any form of catheter coating 

is whether the coating remains bound to the catheter or whether it elutes over 

time. The catheters tested here are reported by the manufacturer to be non-

eluting, and the lack of an impact on E. coli in broth at 48 hours and 72 hours 

would be consistent with that. However, bacterial numbers in broth were 

significantly lower after 24 hours, for reasons that are unclear. One could expect 

that if there was some degree of elution, such as with residual, unbound silver, 

that this could lead to an initially high local silver concentration, and possibly a 

corresponding decrease or stasis in bacterial concentrations within broth in an in 

vitro setting. If this were the case, this would intuitively only have been noted at 

time point 24 hours since the broth was changed at each time point during the 

study, and the resultant bacterial growth after removal of the inhibitor may have 

accounted for the lack of a difference at later time points.  Direct testing of silver 

in broth or urine would be a more objective method to confirm whether elution 

actually occurs, both initially and over time, and the potential for long-term effect 

of the catheter coating but was not performed in this study.   

 Silver coating had a significant impact on bacterial adherence to catheters 

at all time points in this study (Figure 2). The impact at 24 hours is somewhat 

difficult to assess since it is possible that the decreased bacterial growth in broth 

could have contributed to decreased biofilm formation on the catheter. However, 

the difference persisted at later time points when broth numbers had normalized. 

These results support a silver-mediated reduction in bacterial adherence to the 

catheter or bacterial killing at the catheter surface.  
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 The findings of this study with respect to sonicate values contradict those 

of a previously reported laboratory investigation where silver coating of catheters 

was found not to reduce adherence (18). Potential reasons for discrepancy 

between this study and those previously reported include differences in biofilm 

production by tested isolates, differences in adhesion factors, methodology and 

potentially differences in in vitro susceptibility to silver. Different formulations of 

silver have been also evaluated as potential biocides, including ionic silver 

released from metallic compounds, polyamide complexed silver, and 

nanoparticles of silver (19). Differences in the formulation of silver coating may 

have contributed to differences noted between studies.  

 Sonication methodology is quite variable in regard to time and frequency. 

Studies have reported using times from 1 to 10 minutes, and frequencies of 23 to 

55 KHz (16,18). Increasing both time and frequency could theoretically increase 

the yield of bacteria obtained from the catheter. In contrast, excessive time and 

frequency may damage adhered cells, limiting the yield during bacterial culture. 

Sonication frequency for this study was selected to be within previously 

published limits (16,18).  

 A biofilm is composed of other constituents (extracellular matrix), and a 

bacterial count is but one method of inferring and assessing biofilm production. 

Sonication and bacterial culture provide no information about extracellular matrix 

components, an essential component of bacterial biofilms. Visualization by SEM 

can provide further (semi-quantitative) information about the biofilm. Subjectively, 

SEM data corresponded with sonicate results, with fewer adhered bacteria and 

extracellular matrix on coated catheters. Further study of the character and 
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composition of the biofilm matrix on urinary catheters, and more rigorous 

evaluation of the impact of silver-coating on biofilm via SEM are indicated. 

 Limitations of this study include its in vitro nature, as it is difficult to mimic 

the complex environment of urine and the urinary bladder.  Undoubtedly, 

adherence of bacteria in the canine urinary tract could be different compared to 

the laboratory setting.  Factors such as periodic voiding, urine versus culture 

media, the immune response, bacterial attachment to the bladder wall and likely 

myriad other aspects, create a much more complex in vivo environment that is 

difficult to effectively replicate. Sample size was small and may have limited the 

ability to detect differences. However, the sample size was adequate to detect a 

significant impact on broth CFU counts at one time point, and on adherent 

bacterial counts at several time points. We cannot predict the clinical implications 

from this data that shows partial reduction in adherence, as multiple factors are 

related to development of a UTI, including patient, infecting organism, frequency 

of voiding, and concurrent antibiotic therapy. As well, the dose of silver needed to 

reduce bacterial adherence is unknown. Nevertheless, these data provide further 

important information about the impact of silver coating on bacterial attachment 

to urinary catheters and more information about the method of action (local effect 

vs. elution), and support the need for in vivo evaluation of the impact of silver 

coating on canine CAUTI.  
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2.8 Figure Legends 
Figure 1. CFU in broth over time back transformed following natural log 

transformation. Significant differences in broth CFU between silver and non-silver 

coated catheters were noted at time 24 h (ratio of means 0.6305, P=0.0083) (a 

significantly different from b). Standard error bars are included.  

 

Figure 2. CFU/mL in sonicate over time back transformed following natural log 

transformation. Significant differences were noted between silver and non-silver 

coated catheters at time 24 h (ratio of means 3.0083, P= 0.0488), 48 h (ratio of 

means 2.7176, P= 0.0137), and 72 h (ratio of means 3.4654, P=0.0023) (a 

significantly different from b). Standard error bars are included.   

 

Figure 3. SEM image of the outer surface of a non-silver coated catheter (A) and 

silver coated catheter (B) at 24 h, and a non-silver coated catheter (C) and silver 

coated catheter (D) at 48 h. Note the increased number of organisms on the non-

silver coated compared to the silver-coated catheter. Minimal layering of 

organisms is noted.  

 

Figure 4.  Scatterplot showing silver and non-silver catheters CFU/mL broth over 

time for each strain analyzed. 
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Figure 5. Scatterplot showing silver and non-silver catheters CFU/mL sonicate 

over time for each strain analyzed 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.9 Figures 
 

Figure 1 
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Figure 4. 
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Figure 5.  
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3.1 Abstract 
Objective: To identify associations between E. coli biofilm formation and 

uropathogenic virulence factors.  

Design: In vitro analysis 

Sample: 91 isolates of uropathogenic E. coli 

Procedures: In vitro assessment of biofilm formation was performed on all 

isolates using microtitre plate assay. All isolates underwent polymerase chain 

reaction to detect the presence of seven uropathogenic virulence factors. 

Statistical analyses were performed to evaluate for association between E. coli 

biofilm formation and the presence of virulence genes. Prevalence of virulence 

factors are reported. 

Results: 34 isolates were classified as biofilm formers (37.3%). The presence of 

cytotoxic necrotizing factor gene (cnf1) was associated with biofilm formation 

(p=0.0315, mean OD 0.2289 (0.0699 - 0.7495). No other association between 

genotype and in vitro biofilm formation was noted. No association was noted 

between pattern of gene expression and biofilm formation.  

Conclusions and clinical relevance: cnf1 was associated with in vitro biofilm 

formation, and virulence factors may hold potential for influencing biofilm 

formation in vivo. Patterns of gene possession may be less important for 

determining biofilm formation. 
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3.2 Abbreviations 
 

Urinary tract infection (UTI)  

Catheter-associated urinary tract infection (CAUTI) 

Uropathogenic Escherichia coli (UPEC) 

Intensive care unit (ICU) 

Microtitre Plate Assay (MPA) 

Pathogenicity Islands (PAI) 

Scanning electron microscopy (SEM) 

Tryptic soy broth (TSB) 

 

3.3 Introduction 
Bacterial infection of the urinary tract  (UTI) is the most common infection 

seen in companion animal veterinary practice, with Escherichia coli being the 

most common causative organism (Wooley, 1976)      (Freshman J. L., 1989) 

(Norris, 2000) (Seguin, 2003). Infection of the lower urinary tract can be related 

to both host and pathogen factors. Urinary tract infections may be classified as 

simple or complicated, and recent recommendations have been made with 

regard to proper diagnosis, therapy, and monitoring (Weese, 2011). 

Pathogen factors associated with acquisition of a urinary tract infection 

have been investigated, and these may involve a range of properties such as 

attachment, immune evasion, and biofilm formation. Of particular interest with 

regard to E. coli UTIs is the presence of uropathogenic virulence factors, 

elements that enhance the ability of the bacterium to invade and colonize the 

lower urinary tract. These virulence factors take several forms, including those 
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that facilitate adherence of the bacterium to the urinary epithelium, cytotoxic 

factors, and iron sequestering factors (Yuri, 1998). Escherichia coli that possess 

these virulence factors are termed uropathogenic E. coli (UPEC) (Greene, 2012).  

Bacteria exist in the urinary tract of patients in two forms, free floating 

(planktonic) or adhered to a surface (sessile) (Trautner B2, 2004). Sessile 

organisms that adhere to a surface, produce extracellular matrix, and have a 

change in genotypic expression, are termed a “biofilm” (Trautner B2, 2004). 

Biofilms convey several advantages to bacteria including resistance to being 

voided by physiological urination (Trautner B1, 2004), immune evasion and 

resistance to antimicrobial therapy (Olson, 1989)  

The distribution of uropathogenic virulence factors has been assessed in 

E. coli isolates from dogs (Yuri, 1998) (Low, 1988). Clinical E. coli isolates from 

the urinary tract of affected dogs have been shown to have similar frequencies of 

virulence factors as reported in humans, and higher frequencies of uropathogenic 

virulence factors compared to fecal E. coli isolates, supporting them as important 

pathophysiologic entities (Yuri, 1998). There is evidence to suggest that similar 

uropathogenic virulence factors are present on human and canine strains of 

UPEC (Low, 1988). As well, some strains colonizing the urinary tract have been 

shown to be the same strain that is considered normal flora in the lower 

gastrointestinal tract (Low, 1988). A high prevalence of type 1 pilus possessing 

E. coli (92% in dogs with UTI, 90% in the lower GI tract of healthy control dogs) 

has been noted (Yuri, 1998). A lower rate of positive status was noted for pilus 

associated with pyelonephritis (54%, 32%), S fimbriae (54%, 27%), α-hemolysin 

(54%, 31%), and cytotoxic necrotizing factor (52%, 30%). Afimbrial adhesin of 



	   	   	   	  89	  

the X adhesin group (4%, 0%) and aerobactin (4%, 6%) showed almost no 

positive results. The prevalence of urovirulence factors in canine urinary tract 

isolates was comparable to rectal isolates, suggesting the source of 

uropathogenic E. coli to be rectal (Yuri, 1998).  

Correlation between multiple genetic virulence factors and biofilm 

formation has been performed in human isolates, and results indicate that papC 

and papG alleles, sfa/focDE, focG, hlyA and cnf1 were significantly more 

common in strong biofilm producers (Naves, 2008). A separate analysis of 

clinical E. coli isolates from humans revealed hemolysin and type I fimbriae were 

significantly associated with in vitro biofilm formation (Soto, 2007). These 

comparisons have not been performed using canine UPEC. 

The purpose of this study was to evaluate the biofilm formation of 

uropathogenic E. coli of canine origin and the association of biofilm formation 

with the presence of selected potential virulence factors.  

 

3.4 Materials and Methods 
 

Bacterial isolates:  

Twenty-five urinary isolates of E.coli were obtained from urine samples of dogs 

submitted to the Animal Health Laboratory at the University of Guelph, Ontario, 

Canada, and 66 from a private laboratory (IDEXX Laboratories Inc.). Isolates 

were maintained on cryobeads (Innovatek Medical Inc.) at -80C until testing. 

Isolates were inoculated onto sheep’s blood agar plates and incubated at 37 

degrees C overnight. 
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Microtitre plate assay technique:  

A 0.5 McFarland standard (~10^8 CFU/ml) was prepared for each isolate in 

tryptic soya broth. Briefly, 150 µl of each bacterial suspension was inoculated, in 

triplicate, a 96-well microtitre plate. After 24 hours incubation at 35 degrees C, 

the medium was removed to rid non-adherent (planktonic) cells and the plates 

were washed three times with 250 µl sterile water to remove loosely attached 

bacteria. Plates were air dried for 45 minutes prior to staining each well with 150 

µl of 1% (w/v) of crystal violet in water for 30 minutes. After staining, plates were 

rinsed with very gently running distilled water. 150 µl of 95% ethanol was added 

to resolubilize crystal violet. Absorbance (A) of the crystal violet present in the 

destaining solution was measured using a microtitre plate reader at a wavelength 

of 570 nm (A570nm) (Rivas, 2007). Negative controls (uninoculated TSB) were 

included with each MPA assay, and the mean of each negative control 

subtracted from the mean from each strain to obtain a net optical density for 

analysis. Biofilm producers were classified as those with a mean net absorbance 

>0.2 nm (Stepanovic, 2007). 

Polymerase Chain Reaction (PCR): 

Isolates were grown in pure culture as described above. DNA was extracted 

using a commercial enzymatic system (InstaGene™ Matrix, Bio-Rad 

Laboratories, Hercules, CA). Isolated colonies were suspended in sterile water, 

and centrifuged for 1 minute. The supernatant was removed, and InstaGene™ 

Matrix added to the pellet per manufacturer’s instructions. The mixture was 
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vortexed and heated at 100 degrees C for 8 minutes, vortexed again, and 

centrifuged. The resulting supernatant was stored at -20 degrees C until PCR. 

Following DNA extraction, PCR was performed to detect the following genes: 

pilus associated with pyelonephritis (pap 1,2 and pap 3,4), S fimbriae (sfa), 

afimbrial adhesin I (afaI), haemolysin (hly), aerobactin (aer), and cytotoxic 

necrotising factor I (cnf1). Primer sequences of canine virulence factors were 

obtained from a previous publication (Yamamoto, 1995) and are detailed in Table 

1, and running conditions for PCR analysis were as described by (Yamamoto, 

1995). Negative controls (sterile PCR grade water) were run for each PCR.  

3.5 Statistical analysis 
Isolates were grouped according to the presence or absence of virulence factors. 

Using a commercial statistical software package (Statistical Analysis Software©, 

Cary, North Carolina), a general linear mixed model was constructed to evaluate 

associations between net OD570 and the presence or absence of each gene, for 

patterns of genes, and sum total of gene presence. The sum total of gene 

presence was created by adding positive presence of each gene together. 

Significance was set at p<0.05.  

 

 

 

3.6 Results 
 

91 isolates of E. coli were used. The mean net absorbance value (A570 nm) was 

0.284 (95% CI 0.263-0.306). 34 (37.4%) isolates were classified as biofilm 
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producers based on net A570 nm >0.2 (Stepanovic ́, 2007)(Figure 1). The 

prevalences of individual genes are noted in Figure 2. Mean net absorbance 

values for each gene are presented in Table 2.  

Cytotoxic necrotizing factor gene (cnf1) was the only variable significantly 

associated with biofilm formation (p=0.0315) (mean 0.2289 [0.0699 - 0.7495] in 

the general mixed model. 

 

All isolates were then organized into patterns of expression (Table 3). Twelve 

separate patterns of gene presence were noted among isolates. No association 

between pattern and OD570 was noted (p=0.6004) (Table 4). The sum total of 

gene presence was then tabulated for each isolates, and compared to biofilm 

formation. No association between sum of gene presence and in vitro biofilm 

formation was noted (p=0.7535).  

When data were analyzed categorically, with a cutoff of OD570 >0.20 indicating 

biofilm forming ability, there were no significant associations noted between 

biofilm formation and gene presence (Table 5).  

 

3.7 Discussion 
We have shown in this in vitro investigation that canine uropathogenic E. 

coli can form biofilm. The population of E. coli used in this investigation does 

contain virulence factors, however prevalences appear to be smaller than what 

has been previously reported. 

Numerous factors may facilitate development of UTI, including a range of 

known or suspected urovirulence genes and biofilm production. Among urinary 
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tract E. coli isolated from clinical dogs, the prevalence of virulence factors has 

been reported (Yuri, 1998). Our results show lower prevalences of measured 

virulence factors except for aerobactin (aer) which was reported to be 4% by Yuri 

et al. (1998) compared with 17.8% in our study. The reason for this variation 

could be due to regional variation causing heterogeneity within the local E. coli 

population (Japan vs Canada). The presence of aer was not associated with in 

vitro biofilm formation; however, the difference in prevalence is nonetheless 

interesting. Prevalence of virulence factors has been evaluated in human urinary 

E. coli isolates, and aer was noted with increasing frequency compared to our 

results however, it was also not associated with increased biofilm formation 

(Soto, 2007). 

Evaluating an association between biofilm production and urovirulence 

genes is important, as identifying specific genes associated with biofilm formation 

has the potential to identify novel methods of reducing biofilm formation, and 

subsequently, catheter-associated urinary tract infection (CAUTI). As well, 

knowledge of specific genes that may promote biofilm formation may afford 

insight and new treatment methodologies in cases of recurrent UTIs (Soto, 

2007). Cytotoxic necrotizing factor was associated with increased biofilm 

formation in vitro. Cytotoxic necrotizing factor is a bacterial toxin which leads to 

cytoskeletal malformations, multinucleated cells, and necrosis in eukaryotic cells 

(Lerm, 1999). By affecting eukaryotic cells in vivo, this toxin may promote 

colonization of the urinary tract. The mechanism of increased in vitro association 

with biofilm formation remains unclear. Investigation into human E. coli isolates 

and the relationship between biofilm formation and urovirulence factors did not 
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investigate cnf1 (Soto, 2007). Haemolysin (hly) is a toxin that causes cellular 

injury (Yuri, 1998). Both hly and cnf1 have previously been shown to be 

associated with biofilm formation in an MPA model, (Naves, 2008) but these 

were human isolates and the relationship between human and canine E. coli is 

not well understood, and likely cannot be extraploated. Further, these particular 

virulence factors may exist in a “pathogenicity island,” or a group of commonly 

acquired virulence factors (Naves, 2008). The presence of some virulence 

factors may be associated with biofilm formation due to the presence of other 

virulence factors (i.e. cnf1 may be significant only because of concurrent 

presence of another virulence factor). In an in vitro model of biofilm formation 

such as MPA, one would not necessarily expect possession of this genotype to 

increase the ability of the organism to form biofilm. A similar finding may be 

expected for cytotoxic necrotizing factor I (cnf1). These virulence factors may not 

enhance adherence to abiotic surfaces, but are found in increasing frequency in 

canine UPEC when compared to enteric E. coli (Yuri, 1998).  

Associations between biofilm formation and other genes were not identified, 

and potential reasons for this must be considered. For some such as aer, lack of 

an association would be expected given it is not known to improve the ability of 

bacteria to adhere to surfaces. However, these genes were included because 

they have been reported to be more prevalent in UTI versus rectal isolates (Yuri, 

1998), with limited investigation of reasons for those associations. 

Lack of association between the virulence factors tested and absorbance 

values could be related to the genes chosen for PCR detection. It has been 
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shown that the ability of E. coli to adhere is dependent on various adhesins (Yuri, 

1998). These adhesins are classified under genes encoding for type I pilus of 

mannose-sensitive adhesin (MSHA), pilus associated with pyelonephritis of 

mannose-resistant adhesion (MRHA), and X-adhesins (Yuri, 1998). Previous 

work on afimbrial adhesion I (afaI), the encoding operon for X-adhesins, has 

revealed that many human E. coli isolates from the urinary tract do not show 

specific genetic sequences for afaE, a critical polypeptide in formation of X-

adhesin (Labigne-Rousseli, 1988). Despite this, the strains lacking afaE were 

able to synthesize a functional X-adhesin like protein. These data suggest that 

although strains may be negative for afaI, other types of adhesins may be 

capable of increasing biofilm formation and subsequent uropathogenicity. As 

well, sample size may have been a potential limitation.   

There were no apparent associations between patterns of virulence factor 

expression and in vitro biofilm production. This is surprising since UPEC have 

been shown to possess large, unstable regions of genomic DNA, termed 

“Pathogenicity Islands,” or PAIs (Lloyd, 2007). These PAIs appear to be acquired 

through horizontal gene transfer, and have been shown to be important in the 

acquisition of virulence factors. By grouping isolates into patterns of gene 

presence and totaling the sum, we attempted to associate the presence of 

multiple genes with in vitro biofilm formation. A large number of isolates analyzed 

had no virulence factors noted, which may have affected the results. As well, the 

absorbance values noted in this study were widespread. Selection for high 

biofilm producing isolates is less representative of clinical isolates, and was not 

performed in this study. A relatively small number of patterns were noted, which 
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may have affected our ability to detect associations with in vitro biofilm formation.  

Limitations of this study include the in vitro nature of biofilm formation. The 

MPA is considered the gold standard for evaluation of in vitro biofilm assessment 

(Stepanovic ́, 2007) (Naves, 2008), however, biofilm formation in the urinary tract 

of a dog is dependent on multiple variables, some of which were not addressed 

in this study (host, environment). Knowledge of particular strain may have been 

of benefit as another variable, but was not performed in this study since clinical 

isolates were used for this study. Other studies of in vitro biofilm formation have 

selected for high biofilm producing strains (Ren, 2004) (Pratt, 1998).  E. coli 

isolates from clinical cases and therefore strains of variable biofilm formation 

were included in this study, which may have impacted our results. As previously 

mentioned, regional differences in E. coli genotype may also have contributed to 

the results reported.  

Ultimately, minimal association between virulence factors and biofilm 

formation was noted in this study. Virulence factor prevalences were less than 

reports, with the exception of aer. UPEC virulence factors are known to be 

important in acquiring UTIs, however, their importance in canine CAUTI is 

undocumented.  
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3.9 Table Legends  
 

Table 1 – 

Primer 

sequence

s used for 

detection 

of 

urovirulen

ce factors. 

Table 2 – Gene prevalence and absorbance by gene among all isolates. 

Table 3 – Patterns of gene presence among all isolates. 

Table 4 – Absorbance (OD570) by pattern of gene presence. 

Table 5 - Gene presence and absorbance among biofilm producing Isolates. 

3.10 Figure Legends 
 
Figure 1- Optical densities of all strains. 
 
Figure 2- Prevalence of urovirulence factors among isolates. 

3.11 Tables and Figures  

primer Sequence of primer 
pap1 
pap2 

5’-GACGGCTGTACTGCAGGGTGTGGCG -3’ 
5’-ATATCCTTTCTGCAGGGATGCAATA -3’ 

pap3 
pap4 

5’-GCAACAGCAACGCTGGTTGCATCAT -3’ 
5’-ACAGAGAGCCACTCTTATACGGACA -3’ 

sfa1 
sfa2 

5’-CTCCGGAGAACTGGGTGCATCTTAC -3’ 
5’-CGGAGGAGTAATTACAAACCTGGCA -3’ 

afa1 
afa2 

5’-GCTGGGCAGCAAACTGATAACTCTC -3’ 
5’-CATCAAGCTGTTTGTTCGTCCGCCG -3’ 

hly1 5’-AACAAGGATAAGCACTGTTCTGGCT -3’ 
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Table 1 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Table 3  

hly2 5’-ACCATATAAGCGGTCATTCCCGTCA -3’ 
aer1 
aer2 

5’-TACCGGATTGTCATATGCAGACCGT -3’ 
5’-AATATCTTCCTCCAGTCCGGAGAAG -3’ 

cnf1 
cnf2 

5’-AAGATGGAGTTTCCTATGCAGGAG -3’ 
5’-CATTCAGAGTCCTGCCCTCATTATT -3’ 

Gene Prevalence Mean OD570 p value 
pap1,2  39/91 (42.8%) 0.0764 (0.0193 - 0.3021) 

 
0.3274 

pap3,4 36/91 (39.6%) 0.1655 (0.0431 - 0.6357) 
 

0.4499 

sfa 54/91 (59.3%) 0.0963 (0.0328 - 0.2823) 
 

0.1752 

cnf1 40/91 (44.0%) 0.2289 (0.0699 - 0.7495) 
 

0.0315 

aer 16/91 (17.6%) 0.0944 (0.0324 - 0.2756) 
 

0.1657 

afa 1/91 (1.1%) 0.1145 (0.0143 - 0.9136) 
 

0.9302 

hly 39/91 (42.9%) 0.0841 (0.0264 - 0.2675) 
 

0.1457 



	   	   	   	  102	  

Patter
n 

# of 
Isolates in 
Pattern 

AB570 

1 28 0.1719 (0.1158 - 0.2554) 
 

2 14 0.1115 (0.0638 -  0.195) 
 

3 1 0.0644 (0.008 -  0.5213) 
 

4 3 0.3927 (0.1174 -  1.3135) 
 

5 5 0.0869 (0.0341 -  0.2215) 
 

6 
 

1 0.0959 (0.0118 -  0.7763) 
 

7 
 

1 0.0424 (0.0052 -  0.3429) 
 

8 4 0.1834 (0.0645 -  0.522) 
 

9 26 0.1461 (0.0969 -  0.2202) 
 

10 1 0.1060 (0.0131 -  0.8583) 
 

11 2 0.0761 (0.0174 -  0.3341) 
 

12 5 0.0978 (0.0384 -  0.2491) 
 

 
 
Table 4 
 
 
 

 
 
Table 5  

Gene Prevalence Mean OD570 p value 
pap1,2  14/34 (41.17%) 0.5331 (0.2843- 

0.9992 
 

0.3779 

pap3,4 14/34 (41.17%) 0.5331 (0.2843- 
0.9992 
 

0.3779 

sfa 20/34 (58.82%) 0.4016 (0.2747 -
0.5872) 
 

0.7231 

cnf1 16/34 (47.06%) 0.3518 (0.1749- 
0.7075) 
 

0.5720 

aer 1/34 (2.94%) Not enough 
variance 

NA 

afa 0/34 (0.0%) Not enough 
variance 

NA 

hly 13/34 (38.23%) 
 

0.4166 (0.2356-
0.7366) 
 

0.8939 



	   	   	   	  103	  

 
 
 
 
Figure 1 

 

 
 

 
 
 
Figure 2 
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pap1,2	   pap3,4	   sfa	   cnf	   aer	   afa	   hly	  

Frequency	  of	  
Strains	  
Positive	  

Urovirulence	  Gene	  

Prevalence	  of	  Urovirulence	  Factors	  
Among	  Strains	  

Pattern Pap1,2 Pap3,4 Sfa Cnf1 Aer Afa Hly 
0 neg neg neg neg neg neg neg 
4 neg neg pos neg neg neg neg 
7 pos pos pos neg neg neg neg 
15 pos pos pos pos neg neg neg 
16 neg neg neg neg pos neg neg 
48 neg neg neg neg pos pos neg 
71 pos pos pos neg neg neg pos 
76 neg neg pos pos neg neg pos 
79 pos pos pos pos neg neg pos 
80 neg neg neg neg pos neg pos 
89 pos neg neg pos pos neg pos 
95 pos pos pos pos pos neg pos 
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Chapter 4 - Clinical comparison of the effect of silver and non-
silver coated urinary catheters on bacteriuria and urinary tract 
infection rates in catheterized dogs  
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4.1 Abstract 
Objective: To determine if a silver coated urinary catheter reduces catheter-

associated bacteriuria (CAB) and catheter-associated urinary tract infections 

(CAUTI) compared to an uncoated catheter in clinical dogs. 

Design: Prospective, randomized, controlled clinical trial. 

Sample: 36 dogs hospitalized in a small animal intensive care unit (ICU). 
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Procedures: All dogs requiring urinary bladder catheterization were randomly 

selected to be catheterized with either the treatment or control catheter. Urine 

samples were collected daily and submitted for urinalysis and urine culture. 

Results: No significant differences were noted in rates of positive culture, CAB, or 

CAUTI between the treatment and control group in this study. 

Conclusions and clinical relevance: A difference in outcome measures was not 

detected between the treatment and control group in this clinical trial. Larger 

recruitment of cases is required to determine the efficacy of the silver coated 

catheters.  

 

4.2 Abbreviations 
 

Urinary tract infection (UTI)  

Catheter-associated bacteriuria (CAB) 

Catheter-associated urinary tract infection (CAUTI) 

Uropathogenic Escherichia coli (UPEC) 

Intensive care unit (ICU) 

Scanning electron microscopy (SEM) 

4.3 Introduction 
Urinary catheters are placed for a variety of reasons in canine patients, including 

diagnostic (collecting urine samples), therapeutic (relieving lower urinary tract 

obstructions, healing after urethral surgery), monitoring (hydration, kidney 

function, indirect monitoring of intra-abdominal pressure), and ease of patient 

care (non-ambulatory status, moribund).  
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 Catheterization of the lower urinary tract has been shown to be a risk 

factor for acquiring a urinary tract infection in humans (Hayley, 1981). Recent 

data suggest an overall catheter associated urinary tract infection (CAUTI) 

frequency of 30.7% in one study, with duration of catheterization shown as a 

significant risk factor (OR 19.4; 95% CI 5.5-68.7) (Tissot, 2001). Nosocomial 

UTIs were the most common hospital acquired infection in one study, accounting 

for over half of all nosocomial infections, 42% in surgical patients, and 79% in 

non-surgical patient (Hayley, 1981). Urinary catheters may increase the risk of 

contamination and colonization of the lower urinary tract via contamination of the 

urine collection system and bacteria gaining access to the urinary tract through 

the lumen of the catheter (endoluminal), or catheter contact with the patient’s 

perineal tissues allowing bacteria to migrate along the outer surface of the 

catheter or within the mucous layer of the urethra (periluminal) (Thibon, 2000).  

 Catheterization has been shown to be significantly associated with 

hospital acquired UTIs in dogs (McDonell, 2008) (Freshman, 1989). In one study 

performed in a veterinary referral hospital intensive care unit (ICU), the 

proportion of CAUTIs was 19% (26/137) (Ogeer-Gyles, 2006).  The proportion of 

UTIs increased to 79% (11/14) in patients that remained catheterized at 72 hours 

(Ogeer-Gyles). In a separate study, the frequency of CAUTI was 10.3% (4/39), 

with a 63.3% probability of remaining free from a UTI after 4 days of 

catheterization (Smarick, 2004).  

 Various methods have been employed to reduce the incidence of CAUTI 

in humans, including improvements in catheter care, maintenance of closed 

collection systems, and antibacterial coating of the catheter surface (Stamm, 
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1991). Silver coating of urinary catheters has also been investigated. Multiple 

clinical trials have been performed in humans, with variable results (Liedberg H, 

1990) (Riley, 1995) (Darouiche, 1999) (Karchmer, 2000) (Lundeberg, 1986). 

Meta-analyses comparing silver coated urinary catheters to standard catheters 

suggest a beneficial effect of silver alloy in reducing the frequency of catheter-

associated bacteriuria (CAB) (Beattie, 2011) (Saint, 1998), particularly in patients 

receiving antimicrobials (Riley, 1995). Silver-coated urinary catheters have not 

been clinically evaluated in dogs.  

 The mechanisms of action of ionic silver have been the most thoroughly 

studied (Jung, 2008) (Inouea, 2002). These investigations point to an oxygen 

dependent generation of reactive species (Inouea, 2002) that appear to cause 

damage to the cell envelope, disrupting the cell’s ability to uptake and utilize 

factors necessary for cell replication (Jung, 2008).  

 The purpose of this study was to compare the incidence of acquisition of 

positive culture, CAB, and CAUTI in dogs catheterized with a silver coated 

silicone urinary catheter compared to a non-silver coated silicone catheter. Our 

hypothesis was that silver coated urinary catheters would result in a reduced 

incidence and rate of acquisition of positive culture, CAB, and CAUTI when 

compared with silicone urinary catheters. Based on historical UTI rates at the 

institution where the study was being performed (Ogeer-Gyles, 2006), a sample 

size of 85 dogs per group will be able to detect a 50% or more reduction in 

bacteriuria rates (alpha=0.5, beta=0.80).  Billing data suggest that approximately 

200 urinary catheters are placed per year in dogs at this institution.	   
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4.4 Materials and Methods 
 

4.4.1 Inclusion and Exclusion criteria, sampling, and patient 
handling (Appendix 9) 
Any female dog admitted to the OVCHSC between May 26, 2012 and January 

22, 2014 that required urinary catheterization for an expected time frame of 

greater than 24 hours was eligible for inclusion into the study. Male dogs were 

entered in the study based on size (approximately 8 kg or less) due to limitations 

in catheter length. Any dog that had a current, documented lower urinary tract 

infection at time of admission was excluded from the study (Appendix 9). Any 

dog being catheterized solely for the purpose of surgery, or when catheterization 

was expected to be for less than 24 hours was excluded.  

After obtaining owner consent (Appendix 10), eligible patients were 

randomly assigned via a randomly generated table to receive either a silver 

coated silicone Foley urinary catheter (treatment), or the same silicone Foley 

urinary catheter without silver coating (control) (Covalon Technologies Ltd., 

Mississaugua, ON, Canada). The treatment catheters are coated with ionic silver 

complexed with an amino acid and a dye using a proprietary process. Catheters 

were available in 6, 8 or 10Fr sizes and were 31 cm long.  Each size was 

randomized separately.  All catheters were placed by an experienced veterinary 

technician or by the attending veterinarian using a standard operating procedure 

protocol (Appendix 11). Catheter placement records were obtained for each 

catheter placed, including breaks in aseptic technique and number of attempts. 

(Appendix 12). Urine was collected from the catheter via a syringe at the time of 

placement, placed aseptically into a sterile urine container and recorded as time 
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0 sample. Urine samples were subsequently collected in the same manner daily 

for culture and cytology while the dog was enrolled in the study.  If deemed 

positive for UTI (positive culture and cytological evidence of a urinary tract 

infection), the attending veterinarian was notified immediately and the dog was 

removed from the study and treated appropriately. Termination of sampling was 

otherwise dictated by length of catheterization (7 days), discretion of the clinician 

(catheterization deemed no longer necessary for management of case), or need 

for catheter replacement (blockage, removal by patient). Patient signalment, 

reason for catheterization, as well as antimicrobial therapy (drug, concentration, 

and duration) was noted for each patient (Appendix 13). This study was 

approved by the University of Guelph Animal Care Committee. 

4.4.2 Sample handling (Appendix 12) 
Samples were aseptically collected from the catheter end at the time of 

placement, and from the aseptically prepared sampling port of the collection 

system for all further samples and were stored in Vacutainers with no additives 

(BD, Franklin Lakes, New Jersey). A single sample for cytological evaluation was 

prepared within 15 minutes of collection. Two hundred microlitres of urine was 

cytocentrifuged at 12,000 rpm for 5 minutes. The sample was air-dried and 

stained using a Wright stain, and evaluated by an observer (WG) unaware of the 

catheter type. Samples were evaluated for pyuria, hematuria, and 

microorganisms using a standardized scoring system (Appendix 14).  

The sample for culture was submitted to the Animal Health Laboratory at the 

University of Guelph for bacterial culture immediately after collection, or up to 36 

hours following collection when outside of business hours. Samples collected 
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during business hours were submitted immediately. Samples collected after 

hours were placed in a preservative medium (CultureSwab™, Becton Dickinson 

and Company, New Jersey) refrigerated at 4 degrees C, and cultured the 

following morning, within 12 hours. Samples obtained on the weekend were 

placed in a preservative medium, refrigerated at 4 degrees C, and cultured within 

36 hours at 4 degrees C until processing. 0.01 and 0.001 ml loops were used to 

plate urine on blood agar plates (BAP) for quantitative analysis. McConkey agar 

plates (MAC) were inoculated using a sterile swab.  Plates were then incubated 

overnight at 35 degrees C, and BAP plates were incubated in the presence of 5% 

CO2. MAC plates were incubated under atmospheric conditions.  The plates 

were incubated for 48 hours.  Bacterial colonies were identified using MALDI-

TOF MS, or biochemical tests according to standard operating procedures used 

by the Animal Health Laboratory. A urinary tract infection was diagnosed based 

on positive bacterial culture and cytological evidence of a urinary tract infection 

(pyuria, hematuria, and bacteriuria noted in urine, Appendix 14).  

 

4.5 Statistical Analyses 
A commercial software program was used (Statistical Analysis Software©, Cary, 

North Carolina) for all statistical analyses. A general linear mixed model for 

binary data was performed, accounting for repeated measures and random effect 

of dog. Outcome measures were 1) positive culture, 2) bacteriuria, and 3) UTI. 

Main effects used in the model included time, silver coating of the catheter, and 

the interaction between time and silver coating. Logistic regression was used to 

evaluate age, sex, duration of catheterization, and antimicrobial administration to 
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predict developing positive culture, bacteriuria, and urinary tract infection. 

Wilcoxon rank sum test was used to detect differences in medians between 

groups. Significance was set at P<0.05. 

 

4.6 Results 
Forty-three patients were enrolled in the study. Six patients (four 

treatment, two control) had their urinary catheter in place for less than 24 hours, 

and were excluded from analysis. One patient had documented contamination of 

the urinary catheter (detachment from the collection system) and was excluded 

from analysis. 36 patients remained for analysis. These consisted of 25 females 

and 11 males, with a mean weight 13.03 kg. Patient characteristics are shown in 

Table 1. Twenty-one patients received a control catheter, 15 patients received a 

treatment catheter. Median duration of catheterization was 48 hours (24-144 

hours). 

Six (16.6%) patients developed cytological bacteriuria (Figure 1). No 

significant difference was noted in development of bacteriuria between silver and 

non-silver groups (p=0.7917). Median time to development of bacteriuria in the 

treatment group was not significantly different than the control group (48 hours 

compared to 24 hours, p=0.9).  

Seven (19.4%) patients had urine that cultured positive for bacteria 

(19.4%) (Figure 2) (Table 2). Six of 7 patients (85.7%) of patients were cultured 

using quantitative culture methods to detect organism numbers. The patient that 

cultured positive using semi-quantitative methods cultured positive for 

Malassezia pachydermatis. Organisms detected were as follows: Escherichia coli 
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(3), and 1 each of Malassezia pachydermatis, Staphylococcus epidermidis, 

Staphylococcus warneri, Enterobacter faecalis, and Pseudomonas aeruginosa. 

Multiple organisms (E. coli / P. aeruginosa and S. warneri / S. epidermidis) were 

isolated from two patients. No significant difference was noted in development of 

positive culture between treatment and control groups (p=0.0874). Median time 

to development of positive culture in the treatment group was not significantly 

different than in the control group (12 hours in both groups, p=1.0).  

Four patients (11.1%) developed a UTI during the study period (Figure 3). 

Clinical data of patients diagnosed with a UTI are presented in Table 3.  No 

significant difference was noted in the development of UTI between treatment 

and control groups (silver n = 2, control n = 2, p=0.9079). Mean time to develop 

CAUTI in the treatment group was not significantly different than the control 

group (72 hours compared to 12 hours, p=0.33).  

Twenty-one patients received systemic antimicrobials at some point during 

the catheterization period (58.3%). Three of four (75%) patients that developed a 

UTI received systemic antimicrobials during the study period. The rate of 

antimicrobial administration was not significantly different between patients that 

developed UTI (3/4, 75%) and those that did not (17/32, 53%) (p=0.6257). Of the 

six patients that developed bacteriuria, three had received antimicrobials (50%). 

Antimicrobial administration was not significantly different between patients that 

developed bacteriuria and those that did not (p=0.6774).  Of the seven patients 

that had positive cultures, six had received antimicrobials (85.7%). Antimicrobial 

administration was not significantly different between patients that developed 

positive culture and those that did not (p=0.2003).  
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Logistic regression revealed increasing age as a significant predictor of 

positive culture (p=0.0351, OR 1.258, range 1.017-1.58). For every 1-year of age 

increase, patients were 1.258 times more likely to develop a positive culture. Age 

was not predictive of developing bacteriuria (p=0.3131) or UTI (p=0.082). Median 

duration of catheterization was 48h in both groups (p=0.8942).  Duration of 

catheterization was not a significant predictor of developing bacteriuria (p=1.0), 

positive culture (p=0.1565), or UTI (p=1.0).  

All patients that developed bacteriuria were female (n=6). Sex was not a 

predictive variable for developing bacteriuria (p=0.1818). All patients that 

developed positive culture were female (n=7); however, sex was not predictive of 

developing a positive culture (p=0.1152). All patients that were diagnosed with a 

UTI were female (n=4). Sex was not a significant predictor of acquiring a UTI 

(p=0.4295).  

4.7 Discussion  
 

This clinical trial established a framework for the study of silver-coated urinary 

catheters in dogs. We were unable to detect significant differences between 

groups in regard to positive culture, CAB, or CAUTI in this study. The time to 

development of CAB in humans catheterized with silver-oxide-coated catheters 

has been reported to be significantly shorter than those catheterized with non-

coated catheters (4.5 days compared to 6.1 days, P=0.02) (Riley, 1995). The 

median time to develop CAB in our study was 48 hours in the treatment group 

and 24 hours in the control group, which did not reach statistical significance. 

This finding is different than a previous report in humans (Riley, 1995). 



	   	   	   	  115	  

Bacteriuria was detected in 16.6% of our patients, which is higher than previously 

reported (9.8%) (Sullivan, 2013). Sullivan (2013) did not report time to develop 

bacteriuria. This discrepancy in CAB incidence could be related to differing 

definitions of bacteriuria. In our study, bacteriuria was defined as bacteria noted 

in urine by cytological examination, compared to the Sullivan study, in which 

nosocomial bacteriuria was defined as “a positive urine culture result in dogs with 

a negative urine culture result on admission or a change in the bacterial flora in 

dogs with a positive urine culture result on admission” (Sullivan, 2013). As well, 

different SOPs for catheter placement between institutions may influence the 

degree of contamination and subsequent bacteriuria (clipping preputial or 

perineal hair, wearing sterile gloves, using sterile drapes, etc.) 

Overall, a comparable number of patients developed CAUTI in our study 

(11.1%) when compared to reported CAUTI rates in dogs (10.3-19%) (Smarick, 

2004) (Ogeer-Gyles, 2006). However, the rate of CAUTI in dogs catheterized for 

≥72 hours was lower in this study (7.7%) than in a previous study (79%) 

performed at the same institution (Ogeer-Gyles, 2006).  This previous 

investigation used a latex urinary catheter as opposed to a silicone catheter. 

Standardized catheter placement and catheter care protocols were followed and 

broken for only one patient in this study; this patient was excluded from analysis. 

The number of patients receiving systemic antimicrobials (58.3%) may have 

affected the outcome measures. In other studies of CAUTI in dogs, antimicrobial 

administration rates varied from 48.6-87.12% (Bubenik L. , 2007) (Sullivan, 2013) 

(Smarick, 2004). Interestingly, in a study evaluating the bacterial culture results in 

catheterized dogs, administration of antimicrobials increased the odds of 
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acquiring a UTI substantially (Bubenik L. , 2007); this was not noted in the 

current study. Antimicrobial use in our study was not associated with any 

outcome measure.  

Six different organisms were cultured from the urinary tracts of patients in 

our study (Table 2). E. coli was the most common organism isolated, consistent 

with previous reports (Wooley, 1976) (Freshman, 1989). Additional organisms 

detected in this study were also consistent with previous studies (Bubenik, 2007) 

(Ogeer-Gyles, 2006) (Smarick, 2004) (Sullivan, 2013). The exception was the 

patient that cultured positive for Malassezia pachydermatis.  This fungal 

pathogen has been associated with rare outbreaks in human critical care units, 

and has been recovered from the urinary tract of human patients (Chang, 1998). 

Our patient was not deemed to have developed a UTI, and no organisms were 

detected via cytology, which suggests colonization of the collection system or 

urinary catheter, or contamination during collection or culture. 

Two patients cultured positive with multiple organisms (Table 2). One of 

these patients had polymicrobial cultures consisting of organisms most 

commonly found as human normal flora, Staphylococcus epidermidis (Kloos, 

1975)(Carr, 1977), Staphylococcus warneri (Kloos, 1975). These findings 

suggest that these patients developed positive culture secondary to iatrogenic 

contamination either during catheter placement or routine catheter care.  

Specific patient factors may lead to the development of UTI (Seguin, 

2003). Specific patient factors for patients diagnosed with a UTI in our study are 

presented in Table 3. All of the patients with UTI were non-ambulatory, and 3 

suffered from neurological dysfunction. These factors were common among 
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study patients (Table 1).  Dogs with intervertebral disc disease that require 

urinary bladder management have been shown to develop UTI frequently (21%) 

(Bubenik, 2008); however, the reason for catheterization was not predictive of 

CAUTI in a previous prospective study (Bubenik, 2007). 

In this study, CAUTIs occurred at a median of 72 hours post-

catheterization in the silver group and 12 hours in the control group, which is 

comparable to a prospective study determining the frequency of CAUTI in dogs, 

in which 4/39 dogs developed CAUTI, two at 24 hours, and two at four days 

(Smarick, 2004). The longer time to develop CAUTI in the silver group did not 

reach statistical significance, but is corroborated by a human clinical trial, which 

revealed 2.66 infections/1000 patient days in the silver group compared to 3.35 

infections/1000 patient days in the control group, implying a delay in acquiring 

CAUTI (Karchmer, 2000).   

Both O’Geer-Gyles (2006) and Smarick (2004) documented an increased 

rate of infection in dogs with duration of catheterization, 79% CAUTI incidence at 

72 hours, and 63.3% probability of remaining CAUTI free at 4 days, respectively. 

The median duration of catheterization in our study was only 48 hours, which is 

short, compared to other studies and may have contributed to the low CAUTI 

rates reported here.  

Female gender is a documented risk factor for CAUTI in humans (Stamm, 

1991) (Tissot, 2001) (Leone, 2003). This difference has not held true in clinical 

studies of catheterized dogs (Bubenik L. H., 2008) (Ogeer-Gyles, 2006) 

(Smarick, 2004) despite the apparent increased risk of female gender for 

recurrent or persistent UTI (Seguin, 2003). Even with all patients acquiring 
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CAUTI being female in our study, we were unable to document a significant 

difference between sexes. The ratio of male to female in our study was also 

uneven (11 males, 25 females) given the limitations of catheter lengths for male 

patients. 

Limitations of our study include the low case numbers recruited. This likely 

limited our ability to detect significant differences between groups. A power 

analysis revealed the power of this study to be 5.3%.  With the UTI rates reported 

in this study, and with 50% power, 335 patients would be needed in each group 

to detect a 5% difference in CAUTI rates. The catheter sizes available for this 

study restricted enrolment of male patients to those that were approximately 8-10 

kg or less. The catheters are designed for human use, and manufactured sizes 

are limited. Due to a proprietary process for silver coating implants, it was 

impossible obtain long catheters that would fit most male dogs >10 kg, and thus 

precluded enrolment of these patients. As well, inclusion was limited to those 

patients expected to be catheterized longer than 24 hours. This may have led to 

not enrolling patients who may have ultimately been catheterized for longer than 

24 hours if not progressing as expected.  It also appears that less patients are 

catheterized and that the catheters are being removed more quickly than in a 

previous study at this institution (Ogeer-Gyles, 2006).  

We did not perform assessment of biofilm formation on catheters after 

removal from the patients. Measures to assess biofilm formation, including 

sonication (Ogilvie, In Press) (Desai, 2010) (Segev, 2013) and scanning electron 

microscopy (Ogilvie, In Press) (Constantinou, 1981) could theoretically provide 

quantitative and semi-quantitative information regarding the impact of positive 
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cultures, CAB, and CAUTI on numbers and adhered organisms and quantity of 

biofilm formed.  

The outcome measures used in this study were clinically based (positive 

culture, cytological evidence of bacteriuria, and urinary tract infection). In vivo 

investigations have used other measures of colonization of a urinary catheter to 

infer biofilm formation, such as sonication and scanning electron microscopy 

(Segev, 2013). These techniques have been used in a separate in vitro study 

(Ogilvie, In Press). Clinical correlates were used in this study to more closely 

reflect the situation facing clinicians with catheterized patients.  

This study was unable to show a significant difference in the frequency of 

CAB, positive culture, or CAUTI between the silver group and the control group. 

Age was a significant predictor of positive culture, but not of CAB or CAUTI. Sex 

and duration of catheterization were not significant predictors of CAB, positive 

culture, or CAUTI in this study. Large recruitment of cases is required to 

determine the efficacy of this silver coated urinary catheter. 
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4.9 Figure Legends 
 
Figure 1 – Figure 1 depicts the cumulative cases of CAB over the duration of 
catheterization 
 
Figure 2 – Figure 2 depicts the cumulative number of positive cultures noted over 
the duration of catheterization 
 
Figure 3 – Figure 3 depicts the cumulative case of CAUTI noted over the duration 
of catheterization 
 
Table 1 – Patient signalment, catheterization information, and antimicrobial 
details 
 
Table 2 – Culture positive patients, microbiological and cytological data 
 
Table 3 – Patient signalment, catheterization information, antimicrobial details, 
and bacterial culture results for patients diagnosed with CAUTI 
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Figure 1 
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Table 1 

ID Breed Sex Age (y) 

Weight 

(kg) Reason for Catheterization 

Duration of 

Catheterization (h) Antimicrobial information 

243032 German Shepherd FS 10 34 Inability to urinate 120 Metronidazole 15 mg/kg IV q12h 

607422 Shih Tzu MC 2 7.5 Urinary obstruction 48 None 

607673 Shih Tzu MC 3 6 Non-ambulatory - IVDD 72 None 

607716 Boxer F 3 38.5 Non-ambulatory - Trauma 24 Cefazolin 22 mg/kg IV q8  

607757 Miniature Dachshund FS 3 3.5 Non-ambulatory - IVDD 48 None 

607820 Yorkshire Terrier FS 2 3 Non-ambulatory - Trauma 48 

Clindamycin 10 mg/kg IV q12h, Enrofloxacin 10 

mg/kg IV q24h 

607909 Mixed Breed MC 1 6 Non-ambulatory - Myopathy 72 Cefazolin 22 mg/kg IV q8  

608083 Rottweiler F 0.5 21.5 Non-ambulatory - Trauma 24 Cefazolin 22 mg/kg IV q8  

608116 English Bulldog FS 8 22 Non-ambulatory - Mechanical Ventilation 48 

Clindamycin 11 mg/kg IV q12h, Enrofloxacin 10 

mg/kg IV q24h 

608360 Pomeranian FS 3 3 Non-ambulatory - IVDD 24 None 

608496 Mixed Breed MC 7 7 Non-ambulatory - IVDD 72 Cefazolin 22 mg/kg IV q8  

609136 Chihuahua F 3 6 Non-ambulatory - IVDD 72 None 

609210 Brittany Spaniel F 8 16 Non-ambulatory - Immune Mediate Polyarthritis 48 Doxycycline 6.25 mg/kg PO q12 h 

609447 Mixed Breed F 4 8 Non-ambulatory - IVDD 72 Cefazolin 22 mg/kg IV q8  

609451 Miniature Dachshund MC 3 6.5 Non-ambulatory - IVDD 24 Cefazolin 22 mg/kg IV q8  

609704 Boxer FS 5 24.5 Acute Renal Failure 24 Ampicillin 22 mg/kg IV q8 

609711 American Eskimo FS 6 12 Non-ambulatory 48 Ampicillin 22 mg/kg IV q8 

610430 Miniature Dachshund FS 3 4 Non-ambulatory - IVDD 48 None 

610432 English Springer Spaniel FS 14 19.5 Non-ambulatory - Seizures 24 None 

610515 

Nova Scotia Duck Tolling 

Retriever FS 9 

15 

Non-ambulatory - IVDD 48 Cefazolin 22 mg/kg IV q8  

610526 Maltese MC 6 

5 

Non-ambulatory - Attacked by dog 48 

Ampicillin 22 mg/kg IV q8, Enrofloxacin 10 mg/kg IV 

q24 

610824 Miniature Dachshund MC 6 8.5 Non-ambulatory - IVDD 24 None 

611247 Shih Tzu FS 4 9.5 Non-ambulatory - IVDD 72 Cefazolin 22 mg/kg IV q8  

612061 Dachshund FS 5 6.5 Non-ambulatory - IVDD 24 None 

612065 Boxer FS 13 

20 

Non-ambulatory - Septic Arthritis 24 

Ampicillin 22 mg/kg IV q8, Enrofloxacin 10 mg/kg IV 

q24 

612303 Dachshund MC 3 5 Non-ambulatory - IVDD 48 None 

612343 Dachshund F 12 

4.5 

Non-ambulatory - IVDD 72 

Cefazolin 22 mg/kg IV q8, Amoxicillin Clavulanic 

Acid 50 mg PO q12h 

612947 Dachshund F 2 9.4 Non-ambulatory - IVDD 120 None 

613752 Boxer FS 2 30 Non-ambulatory - Trauma 48 Cefazolin 22 mg/kg IV q8  

613831 Dachshund F 3 6 Non-ambulatory - IVDD 48 None 

613885 Bull Terrier FS 11 26 Measure urine (AKI) 72 Ampicillin 22 mg/kg IV q8 
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614029 Weimaraner F 0.5 13 Non-ambulatory - Clostridium tetani 144 Metronidazole 10 mg/kg q12h 

614524 Shih Tzu MC 5 7 Non-ambulatory - IVDD 72 None 

614989 Mixed Breed MC 4 5.5 Non-ambulatory - IVDD 96 None 

615048 Border Terrier FS 13 

8 

Non-ambulatory - Post-operative biliary surgery 24 

Ampicillin 22 mg/kg IV q8, Enrofloxacin 10 mg/kg IV 

q24 

615054 Shih Tzu MC 12 8 Non-ambulatory - Vestibular disease 48 None 

 

 

	  
	  
Table	  2	  
	  
ID	   Time	  to	  

Positive	  
Culture	  

Organism	   Cytology	   CFU/mL	  urine	  

243032	   120	  hours	   Malassezia	  
pachydermatis	  

No	  abnormalities	   2+	  

609447	   72	  hours	   Enterococcus	  
faecalis	  

5+	  hematuria	  
5+	  pyuria	  

>105	  

609711	   24	  hours	  
48	  hours	  

24	  hours	  –	  
Pseudomonas	  
aeruginosa	  
	  
48	  hours	  –	  
Pseudomonas	  
aeruginosa,	  	  
Escherichia	  coli	  
	  

24	  hours	  –	  5+	  
hematuria,	  3+	  
pyuria	  
	  
48	  hours	  –	  5+	  
hematuria,	  5+	  
pyuria,	  rods	  and	  
cocci	  

Pseudomonas	  
aeruginosa,	  24	  
hours	  –	  1x103	  
	  

Pseudomonas	  
aeruginosa,	  48	  
hours	  –	  >105	  
	  

Escherichia	  coli	  
-‐	  >105	  

610432	   0	  hours	   Escherichia	  coli	   3+	  pyuria	   >105	  
612065	   0	  hours	   Escherichia	  coli	   3+	  hematuria	   >105	  
612343	   0	  hours	   Escherichia	  coli	   Rods	  and	  cocci,	  

2+	  pyuria	  
>105	  

614029	   O	  hours	  
96	  hours	  

0	  hours	  –	  
Staphylococcus	  
warneri	  	  
	  
96	  hours	  –	  
Staphylococcus	  
epidermidis	  
	  

0	  hours	  –	  No	  
abnormalities	  
	  
96	  hours	  –	  3+	  
hematuria,	  
atypical	  
transitional	  
epithelial	  cells	  
	  

Staphylococcus	  
warneri	  –	  
1x102	  
	  

Staphylococcus	  
epidermidis	  –	  
2.5	  x	  103	  
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Table 3 

ID Breed Silver Sex Age (y) 

Weight 

(kg) Reason for 

Catheterization 

Duration of 

Catheterization 

(h) 

Antimicrobial 

information 

Culture 

Results 

 

612343 Dachshund 0 F 12 

4.5 

 

Non-ambulatory - 

IVDD 72 

Cefazolin 22 

mg/kg IV q8, 

Amoxicillin 

Clavulanic 

Acid 50 mg 

PO q12h 

E. coli 

 
 

609447 

Mixed 

Breed 1 F 4 

8 Non-ambulatory - 

IVDD 72 

Cefazolin 22 

mg/kg IV q8  

E. faecaelis 

609711 

American 

Eskimo 1 FS 6 

12 

Non-ambulatory 48 

Ampicillin 22 

mg/kg IV q8 

E. coli 

 
 

610432 

English 

Springer 

Spaniel 0 FS 14 

19.5 

Non-ambulatory - 

Seizures 24 None 

E. coli 
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Chapter 5 – Summary and General Conclusions 
 Nosocomial infections in human and veterinary hospitals are widespread, 

and novel mechanisms to prevent and combat these infections are important. 

This thesis deals with the investigation into the utility of a silver-coated urinary 

catheter. The adherence of clinical isolates of E. coli to the silver-salt-coated 

silicone urinary catheter was compared to a silicone urinary catheter, the 

prevalence of urovirulence factors in clinical isolates of E. coli and the 

association between these urovirulence factors and in vitro biofilm formation was 

investigated, as was the ability of the silver-coated urinary catheter to reduce 

positive urine bacterial culture, CAB, and CAUTI in dogs catheterized in a small 

animal intensive care unit.  

 First, we hypothesized that E. coli would be less likely to adhere to a silver 

coated silicone urinary catheter when compared to a silicone urinary catheter in 

vitro. This hypothesis was confirmed at 24, 48, and 72 hours, as we noted fewer 

adhered bacteria to the silver coated urinary catheter as objectively measured by 

sonication of the catheter. Subjective assessments of this adherence and of 

biofilm formation were made via SEM of selected catheter segments, and also 

revealed fewer adhered bacteria. Concurrent measurements of planktonic 

bacterial counts were performed to assess if any effect of catheter was noted on 

the counts of bacteria. Significant differences were noted at 24 hours, but at no 

other time points, lessening the likelihood that the catheters were responsible for 

any difference in planktonic bacterial counts. Adherence of bacteria in the canine 

urinary tract is expected to be different to the laboratory setting, as periodic 
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voiding, culture media as the source for nutrients, and host immune response are 

responsible for a difficult model to recreate. As multiple factors are related to 

development of CAUTI, the clinical implications of these results are difficult to 

extrapolate. These data support the hypothesis that the silver-coated catheter 

tested in these studies was able to reduce bacterial adherence, and supported 

continuation to a clinical trial.  

 Subsequently, clinical isolates of E. coli were investigated for the presence 

of urovirulence factors. We hypothesized that the urovirulence factors pilus 

associated with pyelonephritis (pap 1,2 and pap 3,4), S fimbriae (sfa), afimbrial 

adhesin I (afaI), haemolysin (hly), aerobactin (aer), and cytotoxic necrotizing 

factor I (cnf 1) would be associated with in vitro biofilm formation as measured 

via microtitre plate assay, as several virulence factors from human E. coli isolates 

have shown this association. Genes were detected via PCR, and biofilm was 

assessed using microtitre plate assay. Prevalences of urovirulence factors were 

slightly lower than what has been reported. Only cnf1 was associated with biofilm 

formation. Patterns of gene presence were assessed, and no associations were 

noted. When biofilm forming isolates were analyzed, no association was noted. 

Results from this in vitro analysis revealed an association between the presence 

of cnf1 and in vitro biofilm formation via microtitre plate assay. The implications of 

these results should be considered in regard to global genetic biofilm formation 

and regulation. Thousands of genes are differentially expressed in the E. coli 

genome, and many hundreds have been shown to be up and downregulated 

during biofilm formation and maturation. A single gene is a limited indicator of 

biofilm formation. However, the association of cnf1 to biofilm formation cannot be 
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overlooked. Further, the presence of a particular gene does not necessarily imply 

expression of that gene. Up or down regulation of certain genes may also occur 

when bacteria transition from a planktonic to a sessile lifestyle.  

 The final portion of this thesis was a randomized clinical trial to evaluate 

the clinical utility of a silver coated urinary catheter to reduce catheter associated 

bacteriuria, positive bacterial cultures, and urinary tract infections. Dogs requiring 

urinary catheterization were randomly assigned to receive either a silver coated 

silicone catheter or an uncoated silicone urinary catheter, and subsequent daily 

urinalysis and bacterial culture were performed. Dogs were assessed for 

bacteriuria, positive culture, and urinary tract infections following catheterization. 

No significant differences were noted between groups in regard to positive 

culture, CAB or CAUTI. The power of this study to detect differences was very 

low due to an unexpectedly low number of cases catheterized during the study 

period. Further, longer studies, or, multi-institutional studies are still warranted 

given the initial results and results in human literature.  

 Taken together, these studies provide important data regarding CAUTI in 

dogs. We have shown that clinical E. coli isolates adhered less to a silver coated 

urinary catheter compared to a non-coated urinary catheter, which has previously 

been questioned in vitro using silver-hydrogel-coated catheters (Desai, 2010). By 

reducing adherence of organisms, these catheters may be able to prevent biofilm 

attachment or maturation, which could be clinically valuable. The lack of 

difference noted clinically using these catheters was most likely related to small 

sample size and the overall short duration of catheterization. Future work using 

these catheters should focus on documenting a reduction of adherence of 
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infecting organisms in vivo. By catheterizing research dogs and sampling urine 

daily for cytology and culture, and comparing that to sonicate and SEM analysis 

of removed catheters at predetermined intervals, we could determine how this 

reduction in adherence translates to clinical cases. As well, clinically relevant 

bacteriuria and how that relates to levels of biofilm on the catheter could be 

assessed.  This research has shown that clinical isolates of uropathogenic E. coli 

in the study population have similar prevalences of urovirulence factors; 

however, the majority of these factors do not have associations with in vitro 

biofilm formation. Expression of these factors (as measured by real time PCR) 

would be an interesting future study to determine if these factors are upregulated 

or downregulated in planktonic and biofilm bacteria. Measuring these values in 

biofilm bacteria is more likely to be indicative of the clinical scenario, and should 

be considered in future studies.    

 

 

 

 

 

 

 
 

 
	  

Chapter 6 – Appendices 
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6.1 Appendix 1 - Figure legends – Chapter 2  
 
 
Figure 1. CFU in broth over time back transformed following natural log 

transformation. Significant differences in broth CFU between silver and non-silver 

coated catheters were noted at time 24 h (ratio of means 0.6305, P=0.0083) (a 

significantly different from b). Standard error bars are included.  

 

Figure 2. CFU/mL in sonicate over time back transformed following natural log 

transformation. Significant differences were noted between silver and non-silver 

coated catheters at time 24 h (ratio of means 3.0083, P= 0.0488), 48 h (ratio of 

means 2.7176, P= 0.0137), and 72 h (ratio of means 3.4654, P=0.0023) (a 

significantly different from b). Standard error bars are included.   

 

Figure 3. SEM image of the outer surface of a non-silver coated catheter (A) and 

silver coated catheter (B) at 24 h, and a non-silver coated catheter (C) and silver 

coated catheter (D) at 48 h. Note the increased number of organisms on the non-

silver coated compared to the silver-coated catheter. Minimal layering of 

organisms is noted.  

 

 

Figure 4.  Scatterplot showing silver and non-silver catheters CFU/mL broth over 

time for each strain analyzed. 

  

Figure 5. Scatterplot showing silver and non-silver catheters CFU/mL sonicate 

over time for each strain analyzed. 
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6.2 Appendix 2 – Figures – Chapter 2  
 

Figure 1 
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6.3 Appendix 3 – Data – Chapter 2  

Chapter 2 – Raw Data 

Silver Time Strain Tips Broth Sonicate log_broth log_sonicate mean_broth mean_log_broth 

n 0 u6  104000000 3700 18.45990146 8.216088099 126500000 18.65575287 

n 0 u6  149000000  18.81945686    

n 0 u5  105000000 4500 18.46947091 8.411832676 130000000 18.68304501 

n 0 u5  155000000  18.85893567    

n 0 u4 y 174000000 390000 18.97456586 12.87390202 114000000 18.55170901 

n 0 u4 y 54000000  17.8044946    

n 24 u4  1050000000 20000 20.772056 9.903487553 1020000000 20.74306846 

n 24 u4  990000000  20.7132155    

n 24 u5  960000000 350000 20.68244384 12.76568843 1125000000 20.84104887 

n 24 u5  1290000000  20.97790806    

n 24 u6 y 2380000000 740000 21.59036632 13.51440547 1800000000 21.3110525 

n 24 u6 y 1220000000  20.9221167    

n 48 u6  960000000 2280000 20.68244384 14.639686 875000000 20.58973444 

n 48 u6  790000000  20.4875435    

n 48 u5 y 1010000000 1990000 20.73321617 14.5036452 1230000000 20.93028001 

n 48 u5 y 1450000000  21.09482939    

n 48 u4  1180000000 78000 20.88878028 11.26446411 1235000000 20.93433681 

n 48 u4  1290000000  20.97790806    

n 72 u6 y 1200000000 90000 20.90558739 11.40756495 1305000000 20.98946888 

n 72 u6 y 1410000000  21.06685554    

n 72 u5  1830000000 290000000 21.3275818 19.48539148 1790000000 21.30548146 

n 72 u5  1750000000  21.28288162    

n 72 u4  1400000000 195000 21.05973807 12.18075484 1980000000 21.40636268 

n 72 u4  2560000000  21.6632731    

n 72 u1  1570000000 155000 21.17434146 11.9511804 935000000 20.65605709 

n 72 u1  300000000  19.51929303    

n 72 u2  1580000000 1070000 21.18069068 13.88316921 1240000000 20.93837722 

n 72 u2  900000000  20.61790532    

n 72 u3  900000000 128000 20.61790532 11.75978554 995000000 20.7182533 

n 72 u3  1090000000  20.80944353    

n 48 u1  1000000000 112000 20.72326584 11.62625415 1465000000 21.10512108 

n 48 u1  1930000000  21.38078584    

n 48 u2  1420000000 209000 21.07392271 12.25008953 1185000000 20.89300861 

n 48 u2  950000000  20.67197254    

n 48 u3  670000000 127000 20.32278827 11.75194237 1125000000 20.84104887 

n 48 u3  1580000000  21.18069068    

Chapter 2 – Raw Data 

Silver Time Strain Tips Broth Sonicate log_broth log_sonicate mean_broth Mean_log_broth 

y 0 u6  126000000 25000 18.65179246 10.1266311 116500000 18.57340183 

y 0 u6  107000000  18.48833939    

y 0 u5  180000000 90000 19.00846741 11.40756495 151500000 18.83609618 

y 0 u5  123000000  18.62769491    

y 0 u4 y 159000000 24500 18.88441476 10.1064284 108000000 18.49764179 

y 0 u4 y 57000000  17.85856183    

y 24 u4  500000000 9400 20.03011866 9.148464968 565000000 20.15233629 

y 24 u4  630000000  20.26123038    

y 24 u5  940000000 9900 20.66139043 9.200290036 860000000 20.57244295 

y 24 u5  780000000  20.47480448    

y 24 u6 y 770000000 6700 20.46190107 8.809862805 730000000 20.40855509 

y 24 u6 y 690000000  20.35220216    

y 48 u6  1330000000 14200 21.00844478 9.560997244 1150000000 20.86302778 

y 48 u6  970000000  20.69280663    

y 48 u5 y 1300000000 124000 20.9856301 11.72803684 1165000000 20.87598692 

y 48 u5 y 1030000000  20.75282464    

y 48 u4  1080000000 9900 20.80022688 9.200290036 1205000000 20.9097454 

y 48 u4  1330000000  21.00844478    

y 72 u6 y 1230000000 61000 20.93028001 11.01862914 1280000000 20.97012591 

y 72 u6 y 1330000000  21.00844478    

y 72 u5  1610000000 8600 21.19950002 9.059517482 1575000000 21.17752111 

y 72 u5  1540000000  21.15504825    

y 72 u4  1280000000 10300 20.97012591 9.239899174 1355000000 21.02706729 

y 72 u4  1430000000  21.08094028    

y 72 u1  710000000 23000 20.38077553 10.04324949 945000000 20.66669549 

y 72 u1  1180000000  20.88878028    

y 72 u2  1170000000 15600 20.88026959 9.655026193 1005000000 18.57340183 

y 72 u2  840000000  20.54891245    

y 72 u3  1640000000 52000 21.21796208 10.858999 2670000000 18.57340183 

y 72 u3  3700000000  22.03159866    

y 48 u1  1170000000 18400 20.88026959 9.820105944 990000000 18.57340183 

y 48 u1  810000000  20.51254481    

y 48 u2  1110000000 34000 20.82762585 10.4341158 1080000000 18.57340183 

y 48 u2  1050000000  20.772056    

y 48 u3  1180000000 8000 20.88878028 8.987196821 1420000000 18.57340183 

y 48 u3  1660000000  21.23008344    
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6.4 Appendix 4 – Table and Figure legends -  Chapter 3  
 
 
Table 1 – Gene prevalence and absorbance by gene among all isolates. 

 

Table 2 – Absorbance (OD570) by pattern of gene presence. 

 

Table 3 – Primer sequences used for detection of urovirulence factors. 

 

Table 4 – Patterns of gene presence among all isolates. 

 

Table 5 - Gene presence among biofilm producing Isolates. 

 

Figure 1- Prevalence of urovirulence factors among isolates.  
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6.5 Appendix 5 – Tables and Figures – Chapter 3  
 
Table 1  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2 
 
 

 
 
 
 
 

primer Sequence of primer 
pap1 
pap2 

5’-GACGGCTGTACTGCAGGGTGTGGCG -3’ 
5’-ATATCCTTTCTGCAGGGATGCAATA -3’ 

pap3 
pap4 

5’-GCAACAGCAACGCTGGTTGCATCAT -3’ 
5’-ACAGAGAGCCACTCTTATACGGACA -3’ 

sfa1 
sfa2 

5’-CTCCGGAGAACTGGGTGCATCTTAC -3’ 
5’-CGGAGGAGTAATTACAAACCTGGCA -3’ 

afa1 
afa2 

5’-GCTGGGCAGCAAACTGATAACTCTC -3’ 
5’-CATCAAGCTGTTTGTTCGTCCGCCG -3’ 

hly1 
hly2 

5’-AACAAGGATAAGCACTGTTCTGGCT -3’ 
5’-ACCATATAAGCGGTCATTCCCGTCA -3’ 

aer1 
aer2 

5’-TACCGGATTGTCATATGCAGACCGT -3’ 
5’-AATATCTTCCTCCAGTCCGGAGAAG -3’ 

cnf1 
cnf2 

5’-AAGATGGAGTTTCCTATGCAGGAG -3’ 
5’-CATTCAGAGTCCTGCCCTCATTATT -3’ 

Gene Prevalence Mean OD570 p 
value 

pap1,2  39/91 (42.8%) 0.0764 (0.0193 - 0.3021) 
 

0.3274 

pap3,4 36/91 (39.6%) 0.1655 (0.0431 - 0.6357) 
 

0.4499 

sfa 54/91 (59.3%) 0.0963 (0.0328 - 0.2823) 
 

0.1752 

cnf1 40/91 (44.0%) 0.2289 (0.0699 - 0.7495) 
 

0.0315 

aer 16/91 (17.6%) 0.0944 (0.0324 - 0.2756) 
 

0.1657 

afa 1/91 (1.1%) 0.1145 (0.0143 - 0.9136) 
 

0.9302 

hly 39/91 (42.9%) 0.0841 (0.0264 - 0.2675) 
 

0.1457 
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Table 3  
 
 

 
 
 
Table 4  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pattern Pap1,2 Pap3,4 Sfa Cnf1 Aer Afa Hly 
0 0 0 0 0 0 0 0 
4 0 0 1 0 0 0 0 
7 1 1 1 0 0 0 0 
15 1 1 1 1 0 0 0 
16 0 0 0 0 1 0 0 
48 0 0 0 0 1 1 0 
71 1 1 1 0 0 0 1 
76 0 0 1 1 0 0 1 
79 1 1 1 1 0 0 1 
80 0 0 0 0 1 0 1 
89 1 0 0 1 1 0 1 
95 1 1 1 1 1 0 1 

Pattern AB570 
1 0.1719 (0.1158 - 0.2554) 

 

2 0.1115 (0.0638 -  0.195) 
 

3 0.0644 (0.008 -  0.5213) 
 

4 0.3927 (0.1174 -  1.3135) 
 

5 0.0869 (0.0341 -  0.2215) 
 

6 0.0959 (0.0118 -  0.7763) 
 

7 0.0424 (0.0052 -  0.3429) 
 

8 0.1834 (0.0645 -  0.522) 
 

9 0.1461 (0.0969 -  0.2202) 
 

10 0.1060 (0.0131 -  0.8583) 
 

11 0.0761 (0.0174 -  0.3341) 
 

12 0.0978 (0.0384 -  0.2491) 
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Table 5  
 
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Gene Prevalence Mean OD570 p value 
pap1,2  14/34 (41.17%) 0.5331 (0.2843- 

0.9992 
 

0.3779 

pap3,4 14/34 (41.17%) 0.5331 (0.2843- 
0.9992 
 

0.3779 

sfa 20/34 (58.82%) 0.4016 (0.2747 -
0.5872) 
 

0.7231 

cnf1 16/34 (47.06%) 0.3518 (0.1749- 
0.7075) 
 

0.5720 

aer 1/34 (2.94%) Not enough 
variance 
 

NA 

afa 0/34 (0.0%) Not enough 
variance 
 

NA 

hly 13/34 (38.23%) 
 

0.4166 (0.2356-
0.7366) 
 

0.8939 
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Figure 1  
 

 
 
Figure 2  
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6.6 – Appendix 6  - Data – Chapter 3  
Chapter 3 – Raw Data 

Strain AB570 Gene Strain AB570 Gene 
pap12 
 

pap34 
 

sf
a 

cnf1 aer af
a 

hly pap12 pap34 sf
a 

cnf1 aer afa hly 

25 0.13 0 0 0 0 1 0 0 3 0.203 0 0 1 0 0 0 0 

25 0.09        3 0.207        

25 0.138        3 0.266        

65 0.279 1 1 1 1 0 0 1 28 0.275 1 1 1 1 0 0 0 

65 0.287        28 0.244        

65 0.415        28 0.709        

5 0.668 0 0 1 0 0 0 0 4 1.101 1 1 1 1 0 0 0 

5 0.721        4 0.83        

5 1.489        4 0.83        

1 0.697 1 1 1 1 0 0 1 21 0.192 0 0 0 0 0 0 0 

1 0.505        21 0.151        

1 0.509        21 0.144        

41 0.613 0 0 0 0 0 0 0 22 0.415 1 1 1 1 0 0 0 

41 0.595        22 0.338        

41 0.699        22 0.306        

39 0.158 1 1 1 1 0 0 1 6 0.184 0 0 0 0 1 1 0 

39 0.152        6 0.152        

39 0.165        6 0.2        

32 0.15 1 0 0 1 1 0 1 43 0.401 1 1 1 1 0 0 1 

32 0.202        43 0.338        

32 0.27        43 0.343        

35 1.14 0 0 0 0 0 0 0 63 0.121 1 1 1 1 1 0 1 

35 0.292        63 0.14        

35 0.305        63 0.169        

34 0.331 1 1 1 1 0 0 1 neg 0.073        

34 0.377        neg 0.078        

34 0.315        neg 0.096        

44 0.393 0 0 0 0 0 0 0 55338 0.252 1 1 1 1 0 0 1 

44 0.346        55338 0.141        

44 0.385        55338 0.203        

37 0.403 1 1 1 1 0 0 1 55768 0.299 0 0 1 1 0 0 1 

37 0.343        55768 0.365        

37 0.819        55768 0.342        

62 0.33 0 0 0 0 0 0 0 56208 0.147 1 1 1 1 0 0 1 

62 0.354        56208 0.129        

62 0.346        56208 0.151        

45 0.146 1 1 1 1 0 0 1 56028 0.169 1 1 1 0 0 0 1 

45 0.143        56028 0.182        

45 0.154        56028 0.151        
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42 0.366 1 1 1 1 0 0 1 55627 1.104 0 0 1 0 0 0 0 

42 0.591        55627 0.423        

42 0.609        55627 0.573        

47 0.373 0 0 0 0 1 0 1 55809 0.335 0 0 1 0 0 0 0 

47 0.106        55809 0.314        

47 0.241        55809 0.309        

2 2.195 0 0 0 0 0 0 0 56047 0.144 1 1 1 1 0 0 1 

2 2.609        56047 0.211        

2 2.315        56047 0.218        

23 0.289 1 1 1 1 1 0 1 56216 0.234 0 0 0 0 0 0 0 

23 0.324        56216 0.221        

23 0.224        56216 0.261        

55664 0.313 0 0 1 0 0 0 0 56005 0.638 0 0 0 0 1 0 0 

55664 0.254        56005 0.532        

55664 0.223        56005 0.554        

55850 0.132 0 0 1 0 0 0 0 56118 0.23 0 0 1 1 0 0 1 

55850 0.131        56118 0.371        

55850 0.125        56118 0.21        

56060 0.238 1 1 1 1 0 0 1 56358 0.214 1 1 1 1 0 0 1 

56060 0.23        56358 0.19        

56060 0.251        56358 0.338        

56243 0.156 0 0 0 0 0 0 0 55762 0.162 0 0 0 0 0 0 0 

56243 0.139        55762 0.15        

56243 0.338        55762 0.143        

55694 0.332 0 0 1 1 0 0 1 56011 0.207 1 1 1 1 1 0 1 

55694 0.514        56011 0.204        

55694 0.461        56011 0.209        

55916 0.273 1 1 1 1 0 0 1 56200 0.226 1 1 1 1 1 0 1 

55916 0.281        56200 0.207        

55916 0.297        56200 0.199        

56109 0.175 0 0 0 0 0 0 0 NEG 0.11        

56109 0.158        NEG 0.124        

56109 0.189        NEG 0.136        

56271 0.131 1 1 1 1 0 0 1 56380 0.16 0 0 0 0 0 0 0 

56271 0.232        56380 0.144        

56271 0.295        56380 0.12        

55705 0.372 1 1 1 1 0 0 1 56658 0.112 0 0 0 0 1 0 0 

55705 0.222        56658 0.114        

55705 0.275        56658 0.113        

55985 0.185 0 0 1 0 0 0 0 57265 0.276 0 0 0 0 0 0 0 

55985 0.231        57265 0.249        

55985 0.189        57265 0.346        
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56148 0.571 0 0 0 0 0 0 0 58067 0.182 0 0 0 0 0 0 0 

56148 0.825        58067 0.179        

56148 0.75        58067 0.264        

56273 2.425 0 0 0 0 0 0 0 56423 0.174 1 0 0 1 1 0 1 

56273 1.197        56423 0.203        

56273 1.253        56423 0.151        

55741 0.23 0 0 0 0 1 0 0 56661 0.259 1 1 1 1 0 0 1 

55741 0.235        56661 0.257        

55741 0.176        56661 0.301        

55990 0.188 1 1 1 0 0 0 0 57660 0.208 0 0 0 0 0 0 0 

55990 0.16        57660 0.224        

55990 0.234        57660 0.237        

56173 0.228 0 0 1 0 0 0 0 58101 0.202 1 1 1 1 0 0 1 

56173 0.179        58101 0.163        

56173 0.175        58101 0.818        

56298 0.399 1 1 1 1 0 0 1 56487 0.57 1 1 1 1 0 0 1 

56298 0.199        56487 0.39        

56298 0.417        56487 0.408        

55749 0.446 0 0 1 0 0 0 0 56804 0.301 1 1 1 1 0 0 1 

55749 0.197        56804 0.321        

55749 0.19        56804 0.302        

57687 0.145 1 1 1 1 0 0 1 58274 0.255 0 0 0 0 0 0 0 

57687 0.174        58274 0.255        

57687 0.134        58274 0.374        

58102 0.24 0 0 0 0 0 0 0 56587 0.156 1 1 1 1 0 0 1 

58102 0.252        56587 0.171        

58102 0.4        56587 0.288        

56528 0.246 1 1 1 1 1 0 1 56913 0.144 0 0 0 0 1 0 0 

56528 0.225        56913 0.167        

56528 0.216        56913 0.142        

56812 0.155 1 . 0 0 0 0 0 58010 0.418 0 0 1 0 0 0 0 

56812 0.164        58010 0.443        

56812 0.183        58010 0.225        

57714 0.169 0 0 1 0 0 0 0 NEG 0.127        

57714 0.173        NEG 0.117        

57714 0.152        NEG .        

58122 0.113 0 0 0 0 1 0 0 58335 3.079 1 1 1 1 0 0 1 

58122 0.121        58335 0.929        

58122 0.113        58335 2.144        

56550 0.326 0 0 0 0 0 0 0 86116 0.43 0 0 0 0 0 0 0 

56550 0.448        86116 0.581        

56550 0.386        86116 0.533        
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56827 0.236 0 0 1 1 0 0 1 86205 0.412 0 0 0 0 0 0 0 

56827 0.264        86205 0.416        

56827 0.273        86205 0.571        

57901 0.165 0 0 1 0 0 0 0 58378 0.523 0 0 0 0 0 0 0 

57901 0.183        58378 0.419        

57901 0.146        58378 0.708        

58250 0.138 0 0 0 0 0 0 0 58393 0.403 0 0 0 0 0 0 0 

58250 0.125        58393 0.208        

58250 0.329        58393 0.27        

56551 0.207 0 0 0 0 0 0 0 58403 0.374 0 0 1 0 0 0 0 

56551 0.21        58403 0.253        

56551 0.195        58403 0.427        

56857 0.729 1 1 1 1 0 0 1 58458 0.335 0 0 0 0 1 0 0 

56857 0.779        58458 0.228        

56857 0.77        58458 0.34        

57977 0.26 0 0 0 0 0 0 0 NEG 0.133        

57977 0.262        NEG 0.132        

57977 0.186        NEG .        

58260 0.262 0 0 0 0 0 0 0  

58260 0.333        

58260 0.569        

56562 0.235 1 1 1 1 0 0 1 

56562 0.182        

56562 0.207        

56910 0.256 0 0 1 0 0 0 0 

56910 0.272        

56910 0.23        

58008 0.411 0 0 0 0 0 0 0 

58008 0.366        

58008 0.351        

 
 

 

 
 

6.7 Appendix 7 – Figure and Table Legends - Chapter 4   
 
 
Figure 1 – Cumulative cases of CAB over the duration of catheterization. 
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Figure 2 – Cumulative number of positive cultures noted over the duration of 
catheterization. 
 
Figure 3 – Cumulative case of CAUTI noted over the duration of catheterization. 
 
Table 1 – Patient signalment, catheterization information, and antimicrobial 
details. 
 
Table 2 - Patient signalment, catheterization information, antimicrobial details, 
and bacterial culture results for patients diagnosed with CAUTI. 
 
Table 3 – Culture positive patients, microbiological and cytological data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6.8 Appendix 8 – Figures and Tables – Chapter 4  
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Figure 1  
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ID Breed 

Silver 

Sex 

Age 

(y) 

Weight 
(kg) 

Reason for Catheterization 

Duration of 

Catheterization (h) Antimicrobial information 

243032 German Shepherd 0 FS 10 34 Inability to urinate 120 Metronidazole 15 mg/kg IV q12h 

607422 Shih Tzu 0 MC 2 7.5 Urinary obstruction 48 None 

607673 Shih Tzu 0 MC 3 6 Non-ambulatory - IVDD 72 None 

607716 Boxer 0 F 3 38.5 Non-ambulatory - Trauma 24 Cefazolin 22 mg/kg IV q8  

607757 Miniature Dachshund 1 FS 3 3.5 Non-ambulatory - IVDD 48 None 

607820 Yorkshire Terrier 

0 

FS 2 3 Non-ambulatory - Trauma 48 

Clindamycin 10 mg/kg IV q12h, 

Enrofloxacin 10 mg/kg IV q24h 

607909 Mixed Breed 0 MC 1 6 Non-ambulatory - Myopathy 72 Cefazolin 22 mg/kg IV q8  

608083 Rottweiler 1 F 0.5 21.5 Non-ambulatory - Trauma 24 Cefazolin 22 mg/kg IV q8  

608116 English Bulldog 

1 

FS 8 22 

Non-ambulatory - Mechanical 

Ventilation 48 

Clindamycin 11 mg/kg IV q12h, 

Enrofloxacin 10 mg/kg IV q24h 

608360 Pomeranian 0 FS 3 3 Non-ambulatory - IVDD 24 None 

608496 Mixed Breed 0 MC 7 7 Non-ambulatory - IVDD 72 Cefazolin 22 mg/kg IV q8  

609136 Chihuahua 1 F 3 6 Non-ambulatory - IVDD 72 None 

609210 Brittany Spaniel 

1 

F 8 

16 Non-ambulatory - Immune 

Mediate Polyarthritis 48 Doxycycline 6.25 mg/kg PO q12 h 

609447 Mixed Breed 1 F 4 8 Non-ambulatory - IVDD 72 Cefazolin 22 mg/kg IV q8  

609451 Miniature Dachshund 1 MC 3 6.5 Non-ambulatory - IVDD 24 Cefazolin 22 mg/kg IV q8  

609704 Boxer 0 FS 5 24.5 Acute Renal Failure 24 Ampicillin 22 mg/kg IV q8 

609711 American Eskimo 1 FS 6 12 Non-ambulatory 48 Ampicillin 22 mg/kg IV q8 

610430 Miniature Dachshund 1 FS 3 4 Non-ambulatory - IVDD 48 None 

610432 

English Springer 

Spaniel 

0 

FS 14 

19.5 

Non-ambulatory - Seizures 24 None 

610515 

Nova Scotia Duck 

Tolling Retriever 

0 

FS 9 

15 

Non-ambulatory - IVDD 48 Cefazolin 22 mg/kg IV q8  

610526 Maltese 

0 

MC 6 

5 Non-ambulatory - Attacked by 

dog 48 

Ampicillin 22 mg/kg IV q8, 

Enrofloxacin 10 mg/kg IV q24 

610824 Miniature Dachshund 0 MC 6 8.5 Non-ambulatory - IVDD 24 None 

611247 Shih Tzu 1 FS 4 9.5 Non-ambulatory - IVDD 72 Cefazolin 22 mg/kg IV q8  

612061 Dachshund 0 FS 5 6.5 Non-ambulatory - IVDD 24 None 

612065 Boxer 

1 

FS 13 

20 

Non-ambulatory - Septic Arthritis 24 

Ampicillin 22 mg/kg IV q8, 

Enrofloxacin 10 mg/kg IV q24 

612303 Dachshund 1 MC 3 5 Non-ambulatory - IVDD 48 None 

612343 Dachshund 

0 

F 12 

4.5 

Non-ambulatory - IVDD 72 

Cefazolin 22 mg/kg IV q8, 

0Amoxicillin Clavulanic Acid 50 mg 

PO q12h 

612947 Dachshund 0 F 2 9.4 Non-ambulatory - IVDD 120 None 

613752 Boxer 0 FS 2 30 Non-ambulatory - Trauma 48 Cefazolin 22 mg/kg IV q8  
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613831 Dachshund 1 F 3 6 Non-ambulatory - IVDD 48 None 

613885 Bull Terrier 1 FS 11 26 Measure urine (AKI) 72 Ampicillin 22 mg/kg IV q8 

614029 Weimaraner 

1 

F 0.5 

13 Non-ambulatory - Clostridium 

Tetani 144 Metronidazole 10 mg/kg q12h 

614524 Shih Tzu 0 MC 5 7 Non-ambulatory - IVDD 72 None 

614989 Mixed Breed 0 MC 4 5.5 Non-ambulatory - IVDD 96 None 

615048 Border Terrier 

1 

FS 13 

8 Non-ambulatory - Post-operative 

biliary surgery 24 

Ampicillin 22 mg/kg IV q8, 

Enrofloxacin 10 mg/kg IV q24 

615054 Shih Tzu 

0 

MC 12 

8 Non-ambulatory - Vestibular 

disease 48 None 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2 
ID	   Time	  to	  

Positive	  
Culture	  

Organism	   Cytology	   CFU/mL	  urine	  

243032	   120	  hours	   Malassezia	   No	  abnormalities	   2+	  
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pacydermatis	  
609447	   72	  hours	   Enterococcus	  

faecalis	  
5+	  hematuria	  
5+	  pyuria	  

>105	  

609711	   24	  hours	  
48	  hours	  

24	  hours	  –	  
Pseudomonas	  
aeruginosa	  
	  
48	  hours	  –	  
Pseudomonas	  
aeruginosa,	  	  
Escherichia	  coli	  
	  

24	  hours	  –	  5+	  
hematuria,	  3+	  
pyuria	  
	  
48	  hours	  –	  5+	  
hematuria,	  5+	  
pyuria,	  rods	  and	  
cocci	  

Pseudomonas	  
aeruginosa,	  24	  
hours	  –	  1x103	  
	  

Pseudomonas	  
aeruginosa,	  48	  
hours	  –	  >105	  
	  

Escherichia	  
coli	  -‐	  >105	  

610432	   0	  hours	   Escherichia	  coli	   3+	  pyuria	   >105	  
612065	   0	  hours	   Escherichia	  coli	   3+	  hematuria	   >105	  
612343	   0	  hours	   Escherichia	  coli	   Rods	  and	  cocci,	  

2+	  pyuria	  
>105	  

614029	   O	  hours	  
96	  hours	  

0	  hours	  –	  
Staphylococcus	  
warneri	  	  
	  
96	  hours	  –	  
Staphylococcus	  
epidermidis	  
	  

0	  hours	  –	  No	  
abnormalities	  
	  
96	  hours	  –	  3+	  
hematuria,	  
atypical	  
transitional	  
epithelial	  cells	  
	  

Staphylococcus	  
warneri	  –	  
1x102	  
	  

Staphylococcus	  
epidermidis	  –	  
2.5	  x	  103	  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3  

ID Breed Sex Age (y) 

Weight 

(kg) Reason for 

Catheterization 

Duration of 

Catheterization 

(h) 

Antimicrobial 

information 

Culture 

Results 
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612343 Dachshund F 12 4.5 

 

Non-ambulatory - 

IVDD 

72 Cefazolin 22 

mg/kg IV q8, 

Amoxicillin 

Clavulanic 

Acid 50 mg 

PO q12h 

E. coli 

 
 

609447 Mixed Breed F 4 8 Non-ambulatory - 

IVDD 

72 Cefazolin 22 

mg/kg IV q8  

E. faecaelis 

609711 American 

Eskimo 

FS 6 12 Non-ambulatory 48 Ampicillin 22 

mg/kg IV q8 

E. coli 

 
 

610432 English Springer 

Spaniel 

FS 14 19.5 Non-ambulatory - 

Seizures 

24 None E. coli 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
6.9 Appendix 9 – SOP for Patient Inclusion/Exclusion 
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Silver Coated Urinary Catheter 
STUDY – SOP for Patient 
Inclusion/Exclusion 
 
Inclusion criteria: 

Any FEMALE dog being admitted to the OVC VTH that requires urinary 
catheterization is eligible for inclusion into the study if the plan is for 
the animal to be catheterized for a planned minimum of 24hrs.  Male 
dogs will be entered in the study once we receive male urinary 
catheters. 
 
Antimicrobial therapy and type of disease process do not matter but will 
be documented 
 
Owner consent is required for this study (see form to sign) 

 
Exclusion Criteria 

• Any dog that has a current, documented lower urinary tract infection at 
time of admission will be excluded from the study. 

• Any dog being catheterized solely for the purpose of surgery or overnight 
(<24hrs) 

 
Catheters are to placed according to the randomization list and must be placed 
by an experienced clinician or technician (not students). 
 
Urine must be sampled at the time of placement using a sterile syringe (provided 
in the study box) attached to the hub of the catheter.  Urine is to be placed sterily 
into an empty sterile urine container (provided in the study box).  Adam Ogilvie 
(x54172) or Shannon Wainberg (cell #) should be contacted ASAP to collect the 
sample for culture. 
 
Urine samples will then be collected daily for culture and cytology while the dog 
is enrolled in the study.  If positive for UTI, the clinician in charge will be notified 
immediately and the dog will be removed from the study. 
 
Criteria for termination of sampling / removal from study: 

a. The catheter is ready for removal in the opinion of the clinician in 
charge of the case (the catheter is in for the disease process not for 
the study so the study does not dictate catheter removal time). 

b. Documentation of a urinary tract infection while a study catheter is 
in place (bacteriuria + cytological evidence of lower urinary tract 
infection). If the patient is receiving antimicrobial therapy, 
cytological evidence of lower urinary tract inflammation is sufficient 
for a diagnosis and removal from the study. Bacteriuria in the 



	   	   	   	  161	  

absence of cytological evidence of a urinary tract infection is not 
sufficient for a diagnosis of a lower urinary tract infection. 

c. Need for catheter replacement. At any time, if a study catheter 
(coated or uncoated) is replaced, the replacement catheter will be a 
standard OVC VTH urinary catheter. Samples collected from the 
patient until time of re-catheterization will be used. It is at the 
discretion of the attending clinician whether the urinary catheter 
needs replacement. 

 

 

 

 
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

6.10 Appendix 10 – Consent Form 
 

URINARY CATHETER TRIAL OWNER CONSENT FORM                                                      Place sticker here 

 
As the owner or duly authorized agent for the owner of _______________ you are agreeing to have the pet 
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identified above participate in a clinical study to determine “Can silver coated urinary catheters reduce 
bacterial catheter-associated urinary tract infections in dogs? Before giving your consent to your pet’s 
participation, please read the following, ask as many questions as needed to understand what your participation 
involves, and sign and date the statement at the end of this document. 

PRINCIPAL INVESTIGATOR 

Brigitte A. Brisson DMV, DVSc, Dip. ACVS, Associate Professor of Small Animal Surgery (519) 824-4120 ext. 
54065 bbrisson@uoguelph.ca 

DESCRIPTION OF STUDY AND PROCEDURES Urinary catheters are often placed to drain the urinary bladder 
of patients who are unable to urinate or too sick to go outside to urinate normally. Catheter associated urinary 
tract infections are common in veterinary practice and result in patient discomfort and further expense for 
recheck culture, recheck appointments and prolonged antimicrobial therapy. In humans, silver-coated urinary 
catheters have been shown to delay the acquisition of urinary tract infection thereby reducing the overall rate of 
infection. We believe that silver-coated urinary catheters will delay and reduce bacteriuria and catheter 
associated urinary tract infections in veterinary patients which will change the recommendations for standard of 
care of veterinary patients requiring urinary catheterization and in turn reduce the rate of hospital acquired 
infections. 

If you are asked to participate in this study it means that the clinician in charge of your pet’s care has decided he 
or she should be catheterized. This form serves to ask for consent to enter a clinical trial that compares the 
standard urinary catheter used in our hospital (non-silver coated) to the same urinary catheter that has been 
silver-coated. If you agree to participate in this study, your pet will receive one of the two types of catheters. This 
will be decided randomly so your clinician or you will not get to choose the type of catheter used. The cost of the 
urinary catheter ($20-50) used for this study will be paid by the study, along with the cost of urine cultures 
(~$100 each) performed each day that the catheter is in place for a maximum of 144 hours. 

FAQ’s 

Why is a catheter being placed to drain my pet’s urine? Urinary catheters are often placed to drain the urinary 
bladder of patients who are unable to urinate due to neurological disorder (eg. paralysis) or those who are too 
sick to go outside to urinate normally. The need for your pet to be catheterized has nothing to do with this study. 
We simply enroll patients who are being catheterized for medical reasons.  

Will I get to choose the type of catheter my pet receives? No. The study has to randomize the catheters such 
that a predetermined list has been made and your pet will receive the next catheter on our list.  

Is this new catheter safe? Other than allergies to silver, there are no contraindications to using a silver coated 
catheter reported in people. Silver allergy has not been reported in animals and other side-effects are not 
reported in people where these catheters are being used routinely.  

Who will pay for the catheters, accessories and urine cultures beyond the time of the study or the cost of 
medications if my animal develops a urinary tract infection? The catheter is being placed for your pet’s care and 
not for the sole purpose of the study. Regardless, the study will pay for the urinary catheter but not the collection 
system which is also necessary during catheterization. The study will also pay for urine cultures performed 
during the study period because these would not be performed daily normally. Once the clinician in charge of 
your pet removes the urinary catheter, or once our study period has been completed (144 hours) any cultures or 
catheter replacement performed will be at your cost as it would have been otherwise.  

 
 
Is my pet at increased risk of infection? Bacteriuria (bacteria in the urine) is very common in catheterized 
patients and has been shown to develop in 8-11% of patients as early as 24 hours after the catheter is placed 
(Sullivan 2005). Catheter associated urinary tract infections are common in veterinary practice with a reported 
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incidence of 19% in 137 dogs treated at the OVCHSC over a period of 1 year (Ogeer-Gyles 2006) and an 
incidence as high as 79% when catheterized for more than 3 days. Your pet should not be at increased risk for 
an infection than if he or she simply received the standard of care (non-silver-coated urinary catheter.  

Will I hear about the results of the study? If you wish to hear the results of this study, please check the ‘yes’ box 
and we will contact you with the results once the study is completed. Please ensure that you keep us updated if 
your phone number or address changes. Yes No  

COSTS TO OWNER: I understand that my pet’s urinary catheter is being placed for reasons other than this 
study (related to the primary condition being treated) and that this study is being offered to me to investigate a 
new type of urinary catheter that may reduce the rate of urinary tract contamination / infection associated with 
urinary catheterization. For this reason, I understand that the costs associated with my pet’s care and those 
typically associated with catheterization or catheter associated urinary tract infection will be my responsibility. 

Specifically: 

1. The cost of the urinary catheter placed for the study purposes (silver or non-silver coated) will be paid by  the 
study. Daily urine cultures (aerobic only) will be performed by the researchers at the study’s expense  while the 
catheter is in place and for a maximum of 144 hours.  

The cost of the urine collection system, any cytological analyses (urinalysis, etc.) or culture performed  during or 
after the study period (requested by the clinician in charge of the pet outside of the study) will be  paid for by the 
client.  

Replacement cost for a urinary catheter beyond the study period will be at the owner’s expense.  

The costs associated with treatment (e.g. antimicrobials), recheck appointments and recheck cultures or 
 urinalysis will be the client’s responsibility.  

CONFIDENTIALITY and WITHDRAWING MY PET FROM THE STUDY I understand that the written and/or 
computerized medical records of my pet’s progress while in the study will be kept confidential. No information by 
which my pet can be identified will be released or published without my written authorization. I understand that 
participation in this study is entirely voluntary and that I may withdraw my pet at any time without prejudicing its 
present or future care. Refusing to participate will involve no penalty or loss of benefits. I also understand that 
my pet may be withdrawn from the study if my veterinarian finds it necessary and/or in my pet’s best interest. If 
my pet is withdrawn from the study for any reason, its progress may continue to be followed and clinical data 
may continue to be collected from my pet’s medical records without additional authorization. 

My questions about this clinical trial have been answered to my satisfaction. If I have additional questions 
regarding this study, I may phone or email the principal investigator at the numbers and addresses listed above. 

AUTHORIZATION I have read and understand the foregoing statements and agree to allow my pet to 
participate in this study. 

Date:                            Case #:                         Pet’s Name:  

Clinician’s name and signature:        

Client/Owner/Agent’s Printed Name and signature:    
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6.11 Appendix 11 – SOP for Urinary Catheter Placement 
 
Urinary Catheter Placement SOP 
 All catheters must be placed by OVCHSC clinicians (Faculty, Staff 
Veterinarians, Residents, or Interns) or OVC VTH veterinary technicians. 
Catheters must not be placed by senior veterinary students, summer students 
that are employed by the OVC, visiting veterinarians, or veterinary technician 
students. This is to ensure repeatability of standard patient catheterization.   
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 Females – Typical patient placement is either sternal recumbency with the 
patient’s pelvic limbs off the edge of a table, or, in lateral recumbency with the 
patient pelvic limbs in a standing to slightly flexed angle. Persons placing the 
catheters should wear sterile gloves, or, wash their hands thoroughly and reapply 
soap to their hands prior to catheter placement. The perineal region is prepared 
using chlorhexidine soap (at least 30 seconds) followed by 3 water based 
chlorhexidine swabs. After selection of an appropriate catheter size, apply 
lubricant to the catheter/vestibule.  The urethral papillae is digitally palpated in 
the vestibule or the catheter is placed blindly depending on patient size. The 
urethral catheter is placed in the urethral orifice and advanced gently 2/3 or to its 
full length.  There is no stylet available with the study catheters. Urine should be 
visible flowing into the catheter. A sterile ‘Toomey’ syringe (provided) is attached 
to collect a sterile urine sample (5ml) which is placed in a sterile urine container.  
** Ensure the needle / syringe does not touch the inside of the urine container 
when delivering the urine in the container. A 6 cc syringe filled with sterile saline 
is attached to the adapter portion of the urinary catheter, and filled with 3-5 mls of 
saline (size dependent), filling the balloon tip of the catheter. Traction on the 
catheter should seat the catheter in the trigone of the bladder. The urinary 
catheter collection system can then be attached to the catheter end. Urine should 
flow freely. If urine is not seen flowing into the collection system following 
placement, ultrasonographic examination of the urinary bladder can be 
performed to confirm appropriate placement.  If contamination is suspected 
during placement, the catheter should be replaced immediately and the handler’s 
hands/vestibule should be prepped again.  Please note that the catheters are 
very expensive and should be used sparingly. 
 
All possible breaks in asepsis and the number of attempts to place the 
catheter (and number of people who attempted) must be recorded on the 
study sheet. 
 
Males – All persons placing urinary catheters must wear sterile gloves and 
remain sterile throughout the procedure. The dog is typically placed in lateral 
recumbency. The penis is first extruded from the prepuce by the assistant, and 
lightly scrubbed with (soap) by the individual placing the catheter (before 
gloving). The penis remains extruded, with sterile gloves, the length of catheter 
required is estimated by visual inspection (compare the approximate position of 
the bladder to the penile orifice) without touching the hair. One first ensures that 
the catheter stylet is pushed in all the way.  The catheter tip is liberally coated 
with sterile lubricant, and the catheter is inserted sterily into the penile orifice and 
advanced until the predetermined point. Once the predetermined point has been 
reached (or the entire catheter is up in the urinary bladder), the stylet (if present) 
is removed, urine should be visible in the catheter. A sterile ‘Toomey’ syringe 
(provided) is attached to collect a sterile urine sample (5-10ml) which is placed in 
a sterile urine container.  ** Ensure the needle does not get contaminated while 
opening the container (DO NOT leave the container open during the entire 
collection procedure).  Ensure the needle / syringe does not touch the inside of 
the urine container when delivering the urine in the container. A 6 cc syringe filled 
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with sterile saline is attached to the balloon inflation hub of the urinary catheter, 
and filled with 3-5 mls of saline (depending on catheter size), filling the balloon tip 
of the catheter. Traction on the catheter should seat the catheter in the trigone of 
the bladder. The urinary catheter collection system can then be attached to the 
catheter end. Urine should flow freely.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6.12 Appendix 12 – SOP for Sample Collection 

 
Silver Coated Urinary Catheter Study – SOP for Sample Collection 
 
All samples will be collected by the primary investigation team (Dr. Adam Ogilvie, 
Shannon Wainberg or Dr. Brigitte Brisson), an OVC HSC veterinary technician, 
or an OVC Clinician (Faculty, Staff Veterinarian, Resident, or Intern). Sample 
collection by visiting veterinarians, OVC VTH Summer students, visiting students, 
or veterinary technician students is not permitted, to ensure repeatability and 
consistency in sampling.  If the attending clinician requires sample collection for 
clinical purposes, sample collection will be coordinated with the primary 
investigation team to avoid sample duplication or can be collected at any other 
time since no patient involvement is required for collection.  
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1. Personnel collecting the sample will wear examination gloves during the 

entire sampling procedure 
2. All samples will be collected from the sampling port closest to the catheter 

hub along the collection system. No sample is to be collected “free-catch”, 
or via cystocentesis. No sample is to be collected from the collection 
bag or by detaching the catheter from the collection system. 

3. Samples will be collected at time of catheterization, and every 24 hours 
thereafter for a maximum of 144 hours (7 days) post-catheterization.  

4. The sampling port will be swabbed with 0.05% Chlorhexidine gluconate 
solution or alcohol soaked gauze sponges (or cotton swabs) immediately 
prior to collection.  A first swab is done (wait 30 seconds), then the 
examination gloves are donned, and then a second swab is done prior to 
collection. 

5. A 6 cc syringe with a 22 gauge needle will be used to collect urine from 
the sampling port closest to the catheter, and 6 mls of urine collected via 
aspirating the syringe.  The syringe/needle will then be removed from the 
collection port.  

6. The sample will be aseptically transferred to two containers.  First, into a 
sterile red-topped specimen container for culture and the remainder of the 
sample is to be placed in a sterile orange top urine container. ** Ensure 
the needle does not get contaminated while opening the container (DO 
NOT leave the container open during the entire collection procedure).  
Ensure the needle / syringe does not touch the inside of the urine 
container when delivering the urine in the container. 

a. If the sample is collected “in-hours” (between 8:00 AM and 5:00PM, 
Monday to Friday) or between 9:00 AM-12:00 PM Saturday, the 
sample will be transferred to a large sterile red-topped specimen 
container or sterile urine container. If using a red top tube, the top 
will be swabbed with alcohol or 0.05% Chlorhexidine gluconate 
solution soaked gauze sponges (or cotton swabs) immediately prior 
to transfer. A sterile needle will be attached to the 6 cc collection 
syringe, and 1ml of urine aseptically transferred. Routine 
submission to the AHL for bacterial culture will follow. The 
remaining urine will be transferred to a sterile urine container, and 
kept for cytological analysis by the study team. 

b. If the sample is collected “out-of-hours” (between 5:00 PM and 
8:00AM, Monday to Friday, after 12:00 PM Saturday, or any civic 
holiday) the sample for culture should also be divided between a 
redtop tube and a culture swab. A 22 gauge needle will be attached 
to the 6cc collection syringe. The swab will be removed from the 
plastic covering, and the tip of the swab will be saturated with urine 
dripped from the end of the needle. **Do not touch the swab wand 
or the tip of the swab with the needle or fingers.  The swab will then 
be inserted in the transport media, and the sample refrigerated at 
4C overnight until sample collection in the morning. Some urine 
should still be placed in sterile red top and an orange top urine 
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container.  Cytological evaluation is still performed on weekends by 
the researchers.  

 
If a sample cannot be collected because the catheter is blocked: 
 

1. The patient will first be re-positioned to attempt to move a catheter that is 
positioned against the wall of the bladder (“positional”). 

2. If unsuccessful, assistance can be requested from a nearby technician. 
3. If still unsuccessful, “flushing” of the catheter may be attempted. The 

collection syringe will be detached, and a new12 cc syringe filled with 
sterile saline will be attached to the collection port for flushing. 

4. The saline will be injected, and re-aspirated, in an attempt to un-block the 
urinary catheter. The flushed saline will be re-aspirated, and observation 
of the collection system will ensure a patent urinary catheter (urine flowing 
normally).  

5. If flushing the catheter is successful, the collector will wait 10-15 minutes, 
and then attempt the collection again. This is to permit collection of a 
sample composed mostly of urine, and not saline.  

6. If collection is still unsuccessful, the attending clinician will be contacted to 
inform of catheter status. It will be the attending clinicians decision as to 
whether repeated attempts are made to unblock the catheter. If the 
catheter is to be replaced, the patient can be catheterized a second time 
using the assigned (silver or regular) catheter and still remain in the study.  
If a third catheterization was necessary (due to blockage or removal), the 
patient would be removed from the study.  

 
 
 
 
 
 

6.13 Appendix 13 – Patient Information Document 
 
 
Silver Coated Catheter Study –
Patient Information  
 
 
Date enrolled    ____________________  
 
Primary reason for hospitalization 
____________________ 

____________________________________________________________ 
 

Patient	  information	  here	  
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Reason for catheterization    ___________________________ 
____________________________________________________________ 
 
Ambulatory    or  Non-ambulatory  
 
Silver  or  Regular           Size ________ 
  
Placed by ____________________ 
  
 Aseptic technique followed Yes          No  
 
 # attempts ____________________ 
 
 # people who attempted ____________________ 
 
 type of lubricant: lidocaine      or   regular       
 
 gloves      or soapy hands  
 
 complications during placement (be 
specific)_____________________________________ 
________________________________________________________________
_________________________________ 
 
Patient on antimicrobials Yes          No  
  
 If yes: drug, dose, frequency and why 
____________________________________ 
________________________________________________________________
_________________________________ 
 
Initial sample collected:  Yes          No  
 
 Sample tested with urine dipstick and results recorded Yes          No  
  Sample sterily placed in 2 red top tubes                               Yes          No
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Please record any breaks in aseptic technique and the date during the study 1	  
period below(including detachment of catheter, missed, late, or inappropriate 2	  
catheter care treatments):  3	  
________________________________________________________________4	  
________________________________________________________________5	  
________________________________________________________________6	  
________________________________________________________________7	  
________________________________________________________________8	  
________________________________________________________________9	  
________________________________________________________________10	  
_____________________________________ 11	  
 12	  
If catheter replaced, see below.  13	  
Catheter replaced – Place the same type (silver or regular) as initially placed 14	  
 15	  
 Reason for replacement____________________ 16	  
 17	  
 Date replaced____________________ 18	  
 19	  

# attempts ____________________ 20	  
 21	  
 # people who attempted ____________________ 22	  
 23	  
 type of lubricant: lidocaine      or   regular  24	  
 25	  
 gloves      or soapy hands  26	  
 27	  
 complications during placement (be 28	  
specific)_____________________________________ 29	  
________________________________________________________________30	  
_________________________________ 31	  
________________________________________________________________32	  
_________________________________ 33	  
________________________________________________________________34	  
_________________________________ 35	  
________________________________________________________________36	  
_________________________________ 37	  
________________________________________________________________38	  
_________________________________ 39	  
________________________________________________________________40	  
_________________________________ 41	  
 42	  
 43	  
  44	  
 45	  
SAMPLE COLLECTION INFORMATION SHEET _ For researcher use ONLY 46	  
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(A copy will be appended to the paper record upon completion) 47	  
 48	  
Time 0h: 49	  
 Dipstick (y/n): 50	  

Results __________________________________________________________ 51	  
 Cytology (y/n) 52	  

Results __________________________________________________________ 53	  
 Bacterial culture (y/n) 54	  

Results __________________________________________________________ 55	  
Time 24h: 56	  
 Dipstick (y/n): 57	  

Results __________________________________________________________ 58	  
 Cytology (y/n) 59	  

Results __________________________________________________________ 60	  
 Bacterial culture (y/n) 61	  

Results __________________________________________________________ 62	  
Time 48h: 63	  
 Dipstick (y/n): 64	  

Results __________________________________________________________ 65	  
 Cytology (y/n) 66	  

Results __________________________________________________________ 67	  
 Bacterial culture (y/n) 68	  

Results __________________________________________________________ 69	  
Time 72h: 70	  
 Dipstick (y/n): 71	  

Results __________________________________________________________ 72	  
 Cytology (y/n) 73	  

Results __________________________________________________________ 74	  
 Bacterial culture (y/n) 75	  

Results __________________________________________________________ 76	  
Time 96h: 77	  
 Dipstick (y/n): 78	  

Results __________________________________________________________ 79	  
 Cytology (y/n) 80	  

Results __________________________________________________________ 81	  
 Bacterial culture (y/n) 82	  

Results __________________________________________________________ 83	  
Time 120h:  84	  
 Dipstick (y/n): 85	  

Results __________________________________________________________ 86	  
 Cytology (y/n) 87	  

Results __________________________________________________________ 88	  
 Bacterial culture (y/n) 89	  

Results __________________________________________________________ 90	  
Time 144h: 91	  
 Dipstick (y/n): 92	  

Results __________________________________________________________ 93	  
 Cytology (y/n) 94	  

Results __________________________________________________________ 95	  
 Bacterial culture (y/n) 96	  

Results __________________________________________________________ 97	  
 98	  
 99	  
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6.14 Appendix 14 – Data – Chapter 4  100	  
Chapter 4 – Raw Data 

ID Breed Silver Weight 
(kg) 

Sex Age 
(y) 

Reason for Catheterization 

243032 German Shepherd 0 34 FS 10 Inability to urinate 

607422 Shih Tzu 0 7.5 MC 2 Urinary obstruction 

607673 Shih Tzu 0 6 MC 3 Non-ambulatory - IVDD 

607716 Boxer 0 38.5 F 3 Non-ambulatory - Trauma 

607757 Miniature 
Dachshund 

1 3.5 FS 3 Non-ambulatory - IVDD 

607820 Yorkshire Terrier 0 3 FS 2 Non-ambulatory - Trauma 

607909 Mixed Breed 0 6 MC 1 Non-ambulatory - Myopathy 

608083 Rottweiler 1 21.5 F 0.5 Non-ambulatory - Trauma 

608116 English Bulldog 1 22 FS 8 Non-ambulatory - Mechanical Ventilation 

608360 Pomeranian 0 3 FS 3 Non-ambulatory - IVDD 

608496 Mixed Breed 0 7 MC 7 Non-ambulatory - IVDD 

609136 Chihuahua 1 6 F 3 Non-ambulatory - IVDD 

609210 Brittany Spaniel 1 16 F 8 Non-ambulatory - Immune Mediate 
Polyarthritis 

609447 Mixed Breed 1 8 F 4 Non-ambulatory - IVDD 

609451 Miniature 
Dachshund 

1 6.5 MC 3 Non-ambulatory - IVDD 

609704 Boxer 0 24.5 FS 5 Acute Renal Failure 

609711 American Eskimo 1 12 FS 6 Non-ambulatory 

610430 Miniature 
Dachshund 

1 4 FS 3 Non-ambulatory - IVDD 

610432 English Springer 
Spaniel 

0 19.5 FS 14 Non-ambulatory - Seizures 

610515 Nova Scotia Duck 
Tolling Retriever 

0 15 FS 9 Non-ambulatory - IVDD 

610526 Maltese 0 5 MC 6 Non-ambulatory - Attacked by dog 

610824 Miniature 
Dachshund 

0 8.5 MC 6 Non-ambulatory - IVDD 

611247 Shih Tzu 1 9.5 FS 4 Non-ambulatory - IVDD 

612061 Dachshund 0 6.5 FS 5 Non-ambulatory - IVDD 

612065 Boxer 1 20 FS 13 Non-ambulatory - Septic Arthritis 

612303 Dachshund 1 5 MC 3 Non-ambulatory - IVDD 

612343 Dachshund 0 4.5 F 12 Non-ambulatory - IVDD 

612947 Dachshund 0 9.4 F 2 Non-ambulatory - IVDD 

613752 Boxer 0 30 FS 2 Non-ambulatory - Trauma 

613831 Dachshund 1 6 F 3 Non-ambulatory - IVDD 

613885 Bull Terrier 1 26 FS 11 Measure urine (AKI) 

614029 Weimaraner 1 13 F 0.5 Non-ambulatory - Clostridium Tetani 

614524 Shih Tzu 0 7 MC 5 Non-ambulatory - IVDD 

614989 Mixed Breed 0 5.5 MC 4 Non-ambulatory - IVDD 

615048 Border Terrier 1 8 FS 13 Non-ambulatory - Post-operative biliary 
surgery 

615054 Shih Tzu 0 8 MC 12 Non-ambulatory - Vestibular disease 
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 101	  

Chapter 4 – Raw Data 

ID 

Duration of 
Catheterization 
(h) 

Silver 

Antimicrobial information UTI 
Positive 
Culture Bacteriuria Antimicrobials 

Time to 
culture 

243032 120 
0 

Metronidazole 15 mg/kg q12h 0 1(t120) 0 1 48 

607422 48 
0 

None 0 0 0 0 
 

607673 72 
0 

None 0 0 0 0 72 

607716 24 
0 

Cefazolin 22 mg/kg IV q8  0 0 0 1 12 

607757 48 
1 

None 0 0 1(t48) 0 12 

607820 48 

0 Clindamycin 10 mg/kg IV 
q12h, Enrofloxacin 10 mg/kg 
IV q24h 0 0 0 1 12 

607909 72 
0 

Cefazolin 22 mg/kg IV q8  0 0 0 1 48 

608083 24 
1 

Cefazolin 22 mg/kg IV q8  0 0 0 1 12 

608116 48 

1 Clindamycin 11 mg/kg IV 
q12h, Enrofloxacin 10 mg/kg 
IV q24h 0 0 0 1 12 

608360 24 
0 

None 0 0 0 0 12 

608496 72 
0 

Cefazolin 22 mg/kg IV q8  0 0 0 1 12 

609136 72 
1 

None 0 0 1(t24) 0 72 

609210 48 
1 Doxycycline 6.25 mg/kg PO 

q12 h 0 0 0 1 12 

609447 72 
1 

Cefazolin 22 mg/kg IV q8  1(t72) 1(48) 1(t72) 1 48 

609451 24 
1 

Cefazolin 22 mg/kg IV q8  0 0 0 1 24 

609704 24 
0 

Ampicillin 22 mg/kg IV q8 0 0 0 1 12 

609711 48 
1 

Ampicillin 22 mg/kg IV q8 1(t48) 1(t24) 1(t48) 1 12 

610430 48 
1 

None 0 0 0 0 12 

610432 24 
0 

None 1(t24) 1(t0) 1(t24) 0 12 

610515 48 
0 

Cefazolin 22 mg/kg IV q8  0 0 0 1 12 

610526 48 
0 Ampicillin 22 mg/kg IV q8, 

Enrofloxacin 10 mg/kg IV q24 0 0 0 1 12 

610824 24 
0 

None 0 0 0 0  12-48? 

611247 72 
1 

Cefazolin 22 mg/kg IV q8  0 0 0 1 12 

612061 24 
0 

None 0 0 0 0 12 

612065 24 
1 Ampicillin 22 mg/kg IV q8, 

Enrofloxacin 10 mg/kg IV q24 0 1(t0) 0 1 12 

612303 48 
1 

None 0 0 0 0 48 

612343 72 

0 Cefazolin 22 mg/kg IV q8, 
Amoxicillin Clavulanic Acid 50 
mg PO q12h 1(t0) 1(t0) 1(t0) 1 12 

612947 120 
0 

None 0 0 0 0 72 

613752 48 
0 

Cefazolin 22 mg/kg IV q8  0 0 0 1 12 

613831 48 
1 

None 0 0 0 0 12 

613885 72 
1 

Ampicillin 22 mg/kg IV q8 0 0 0 1 12 

614029 144 
1 

Metronidazole 10 mg/kg q12h 0 1(t0) 0 1 48 

614524 72 
0 

None 0 0 0 0 12 

614989 96 
0 

None 0 0 0 0 12 

615048 24 
1 Ampicillin 22 mg/kg IV q8, 

Enrofloxacin 10 mg/kg IV q24 0 0 0 1 48 

615054 48 
0 

None 0 0 0 0 12 



	   	   	   	  174	  

 102	  
 103	  
 104	  
 105	  

6.14 Appendix 14 – Cytology Key 106	  

 107	  


