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Simple Summary: This study investigated catheter-associated urinary tract infections (UTIs) in 28 hospitalized
dogs undergoing urethral catheterization. Despite positive urine cultures, clinical signs of UTI were often
absent. Our research found no significant correlation between urinalysis results and UTI development,
regardless of the catheterization duration or patient demographics. Dogs with prior antibiotic treatment
showed more extended periods without UTI post-catheterization. Alarmingly, most bacterial isolates were
multidrug-resistant organisms (MDROs), highlighting challenges in treatment. Routine urinalysis was found
to be inadequate for predicting catheter-associated UTIs, underscoring the need for improved diagnostic tools
and antibiotic stewardship in veterinary practice.

Abstract: Urethral catheterization, a common procedure in canine patients, often compromises urinary tract
defenses, leading to bacterial colonization and potential systemic infection. Despite positive urine cultures,
clinical signs of urinary tract infection (UTI) may be absent in catheterized dogs. This study evaluated the
correlation between urinalysis results and catheter-associated UTIs in hospitalized dogs, considering prior
antibiotic treatment and antibiotic resistance. Twenty-eight dogs at Kasetsart University Veterinary Teaching
Hospital were included. Urine cultures and antibiotic sensitivity tests were performed on days 0, 3, and 7 and
prior to catheter removal, with a positive urine culture defined at >10* CFU/mL. Instances of pyuria (>5
WBCs/HPF), hematuria (>5 RBCs/HPF), and bacteriuria were recorded. A statistical analysis showed no
significant association between the urine culture results and urinalysis parameters, catheterization duration,
breed, sex, neutering status, or age. Dogs with prior antibiotic treatments exhibited UTI-free periods after
catheter placement that were longer than those previously reported. A Kaplan-Meier analysis showed a
probability of being UTI-free of 92.8% at 3 days, declining to 60.7% by 7 days and 53.6% by 10 days. Alarmingly,
eighty percent of the isolates (12/15) were multidrug-resistant organisms (MDROs), resistant to >3
antimicrobials. Routine urinalysis cannot reliably predict catheter-associated UTI, and the high rate of MDROs
underscores the need for judicious antibiotic use and improved diagnostic tools.
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1. Introduction

Urethral catheterization is a common procedure in canine patients. Several natural defense
mechanisms prevent urinary tract infection (UTI), such as normal micturition, anatomical structures,
mucosal defense barriers, the antimicrobial properties of urine, and systemic immunocompetence
[13]. However, urinary catheter placements frequently compromise these defense mechanisms,
allowing the introduction of bacteria into the urinary tract during the procedure. This situation could
lead to bacterial colonization and systemic infection caused by infection ascending to the kidneys
[2,8]. The prevalence of bacteriuria in catheterized dogs and cats is high [2,8], but clinical signs of UTI
are often absent in catheterized patients, even when a urine bacterial culture yields positive results
[9]. Urinalysis is routinely employed to assess for catheter-associated urinary tract inflammation.
However, its ability to predict UTI remains contentious [9].

The duration of catheterization is the most significant risk factor for the development of
infection. Therefore, catheterization should be as brief as possible [8]. Each additional day of
catheterization increases the incidence of UTI by 27% [12]. One study discovered that the placement
of an indwelling urinary catheter in dogs is associated with a low risk of catheter-associated UTI
during the first 3 days after catheter placement [11].

Prophylactic antimicrobial therapy is not indicated for the prevention of catheter-associated
bacterial cystitis [8,12]. One study showed that administering antimicrobials increased the likelihood
of UTI by 454% in catheterized dogs [12]. Additionally, other studies have found that administering
antimicrobials during catheterization leads to the occurrence of more antimicrobial-resistant bacteria
[26,27]. The rise in antimicrobial resistance is a growing concern in both small animal medicine and
human health. Increasing resistance among canine pathogens complicates treatment and poses a
public health risk, especially when the pathogens are zoonotic or when resistance genes can transfer
between bacteria of animal and human origin [21-24]. Conversely, there is debate over whether a
single dose of antibiotics can delay biofilm development for up to 4 days [10]. A retrospective study
analyzed 278 human patients with community-acquired multidrug-resistant organism (MDRO)-
associated urinary tract infections (UTIs) [25]. The study found that MDRO-associated UTIs primarily
occurred in elderly, frail patients with a history of invasive urinary tract procedures, imposing a more
significant economic burden compared to non-MDRO UTIs.

This study aimed to determine the occurrence of catheter-associated urinary tract infections
among hospitalized dogs, assess the ability of urinalysis parameters to predict them, identify possible
risk factors, and identify causative bacteria and patterns of antimicrobial resistance.

2. Materials and Methods

This prospective study was conducted at the Kasetsart University Veterinary Teaching Hospital
in Bangkok, Thailand. Dogs that were hospitalized in the Intensive Care Unit or Critical Care Unit
between March 2023 and March 2024 and underwent urinary catheter placement either upon
admission or during hospitalization were included in the study. Approval was obtained from the
Kasetsart University Institutional Animal Care and Use Committee (ACKU66-VET-016), and owner
consent was obtained. The information obtained for each dog enrolled in the study included the dog's
signalment, disease status, the antimicrobials administered, and the duration of urinary
catheterization.

For the placement of a urinary catheter, the area around the vulva or preputial opening was
clipped of hair and then prepared with a chlorhexidine scrub. Subsequently, an appropriately sized
silicone-coated latex Foley catheter for female dogs or a silicone Foley catheter for male dogs was
inserted into the bladder using sterile gloves and lubricant. Immediately following placement,
baseline urine samples (Day 0) were collected via the urinary catheter for urinalysis, aerobic bacterial
culture, and drug sensitivity testing. A sterile closed collection system was promptly connected to
the catheter following placement. Urinary catheters were regularly inspected to detect any issues that
could increase the risk of infection, such as breaks or gross fecal contamination. The exposed portion
of the catheter was then cleaned with a chlorhexidine solution, and the vulvar or preputial area was
also cleaned and flushed with chlorhexidine solution. Urine was aseptically collected from the
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drainage port of the urinary catheter on days 3 and 7 post-placement and prior to removal, then
aseptically transferred via syringe into a sterile tube containing no preservative. Subsequently, the
urine was subjected to urinalysis, aerobic bacterial culture, and drug sensitivity testing within one
hour of collection.

Urinalysis was performed by means of dipstick analysis, urine sediment evaluation, and
measurement of the urinary specific gravity (USG) using a refractometer; instances of pyuria (white
blood cell count of >5 cells/HPF), hematuria (red blood cell count of >5 cells/HPF), proteinuria, and
bacteriuria were recorded. In the bacterial culture techniques, the urine samples were plated on
MacConkey and blood agar plates, followed by incubation at 37°C for 72-96 hours. Colony counts
were conducted on all urine samples displaying growth. A positive urine culture was defined as a
culture from the urinary catheter from which >10* CFU/ml of an identified pathogen was isolated
[14]. Bacterial isolates were tested for their susceptibility to antimicrobials depending on the bacterial
genus and species. Microbial isolates were identified using routine biochemical and automated
systems (VI-TEK 2 COMPACT; Biomerieux). Susceptibility testing for antibacterial agents was
performed on Mueller-Hinton agar using antimicrobial discs (MASTDISC® AST; England). The
antibiotics included in the testing were amikacin, amoxicillin, amoxicillin/clavulanic acid,
azithromycin, ceftriaxone, cephalexin, ciprofloxacin, enrofloxacin, gentamicin, imipenem,
marbofloxacin, meropenem, norfloxacin, nitrofurantoin, sulfamethoxazole/trimethoprim, and
vancomycin. A bacterial isolate was classified as multidrug-resistant (MDR) if it demonstrated
intermediate susceptibility or resistance to three or more antimicrobial classes [15]. Dogs with a
positive urine culture, pyuria, or bacteriuria prior to catheter placement were excluded from the
study.

Data analyses were conducted using GraphPad Prism version 10.0.2 software (GraphPad
Software, Inc.; La Jolla, CA, USA). A Kaplan—-Meier survival analysis was used to assess the
probability of a dog being free from UTIs over time. A dog was considered free from UTIs until the
day when the first urine sample yielded positive bacterial culture results. The Cox proportional
hazard test and Fisher’s exact test were utilized to examine associations for the individual breed
(versus all breeds), sex, neutering status, age, duration of catheterization, and urinalysis parameters
with the rate of UTIL. Univariate Cox regression analyses were considered at a P-value of <0.2. The
final model was analyzed using a Backward stepwise selection. The significance level was set at 0.05.

3. Results

Thirty-two dogs were initially included in this study. Two dogs were excluded due to positive
urine cultures, while another two exhibited pyuria or bacteriuria (one each). Subsequently, 28 dogs
were enrolled in the study. There were 3 males (2 sexually intact and 1 neutered) and 25 females (6
sexually intact and 19 spayed). The median age was 5 years (range, 2 to 17 years), and the median
weight was 12.05 kg (range, 3.25 to 36.3 kg). The most common breeds were crossbreed (9/28 [32.1%]),
French Bulldog (4/28 [14.3%]), and Thai Bangkaew (3/28 [10.7%]). The other represented breeds
included Pomeranian, Poodle, Shih Tzu, Siberian Husky, and Welsh Corgi, with two dogs each, and
Chihuahua and Golden Retriever, with one dog each.

Regarding the dogs’ disease history, the following conditions were noted: closed pyometra,
vector-borne diseases, pneumonia, pancreatitis, hepatic mass, acute kidney injury, canine distemper
virus infection, encephalitis, diabetes mellitus, post-operative cases, lymphoma, cholangiohepatitis,
and hemorrhagic gastroenteritis.

In their medical histories of administered antimicrobials, eleven dogs had received a single
antibiotic: amoxicillin/clavulanic acid (eight dogs) or imipenem (one dog). Twenty-five dogs had
received combinations of two antibiotics: imipenem and metronidazole (four dogs),
amoxicillin/clavulanic acid and metronidazole (three dogs), amoxicillin/clavulanic acid and
azithromycin (two dogs), amoxicillin/clavulanic acid and doxycycline (two dogs), imipenem and
doxycycline (two dogs), imipenem and sulfamethoxazole/trimethoprim (one dog), imipenem and
azithromycin (one dogs), doxycycline and clindamycin (one dog), doxycycline and marbofloxacin
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(one dog), or metronidazole and enrofloxacin (one dog). Additionally, one dog had received three
antibiotics: imipenem, metronidazole, and tylosin.

The mean duration of urinary catheterization for the twenty-eight dogs was 5.5 days, with a
median value of 6 days (range, 2 to 16 days). The bacterial cultures of urine samples resulted in
bacterial growth of at least one species in 13 out of 28 cases (46.4%). Among these, two dogs showed
a positive urine culture on day 3 (2/13; 15.4%), three dogs on day 4 (3/13; 23%), one dog on day 6
(1/13; 7.7%), five dogs on day 7 (5/13; 38.5%), and two dogs on day 10 (2/13; 15.4%). The mean duration
of catheterization in the urine culture-positive group was 7.5 days, and the median was 7 days (4 to
16 days). Fifteen dogs were urine culture-negative until the catheter was removed. The mean
duration of catheterization in the urine culture-negative group was 4.2 days, and the median was 4
days (2 to 12 days). According to the Kaplan—Meier survival analysis, the probability of a dog being
free from UTlIs after three days was 92.8%; it decreased to 60.7% after seven days and declined further
to 53.6% after ten days (Figure 1).

Twelve dogs had a single bacterial growth: six had Enterococcus faecalis, two had Escherichia coli,
two had Acinetobacter spp., and one each had Klebsiella pneumonia and Pseudomonas aeruginosa.
Additionally, one dog showed the growth of three bacterial species: Escherichia coli, Klebsiella
pneumoniae, and Pseudomonas aeruginosa. The drug sensitivity test results for all samples are shown in
Table 1. Fifteen bacterial isolates were obtained from twelve dogs. Eighty percent of the isolates were
classified as MDROs, resistant to 23 antimicrobials. The distribution of the multidrug-resistant (MDR)
pathogens is shown in Table 2. Enterococcus faecalis had the highest proportion of MDR isolates.

No statistical association was found between positive or negative urine culture results and the
breed, sex, neutering status, age, duration of catheterization, or any urinalysis parameter, as
determined via the Cox proportional hazard test and Fisher’s exact test.

In the univariate Cox proportional hazard test, a significant association was found between UTI
and bacteriuria and between UTI and age greater than seven years. However, the multivariate
analysis found no significant association between UTI and bacteriuria or age greater than seven years
(P-values of 0.087 and 0.093, respectively; 95% confidence interval).

100+

50

Probability of No UTI

Day

Figure 1. Kaplan—-Meier plot of the probability of a dog being free from catheter-associated urinary
tract infection over time.

Table 1. Antimicrobial susceptibility (%) of all positive urine culture samples.

Acinetoba  Enterococcu  Escheric Klebsiella Pseudomonas
Antimicrobial cter spp. s faecalis hia coli  pneumoniae aeruginosa
(n=2) (n=6) (n=3) (n=2) (n=2)

Amikacin 50 0 67 50 100
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5
Amoxicillin 0 0 33 0 NA
Amoxicillin/Clav
ulanic Acid 0 33 0 NA
Azithromycin 0 0 33 0 NA
Ceftriaxone 0 0 33 0 NA
Cephalexin 0 0 33 0 NA
Ciprofloxacin 0 0 33 0 100
Enrofloxacin 0 0 0 0 50
Gentamicin 0 0 33 0 100
Imipenem 0 0 100 50 100
Marbofloxacin 0 0 33 0 100
Meropenem 0 0 100 50 100
Norfloxacin 0 0 33 0 100
Nitrofurantoin NA 0 NA 0 NA
Sulfamethoxazol
e/Trimethoprim 0 0 67 0 NA
Vancomycin NA 100 NA 0 NA

Table 2. Distribution of pathogens with percentages of multidrug-resistant (MDR) and non-MDR

isolates.

Bacterial isolates (15) % MDR % Non-MDR

Acinetobacter spp. (n=2) 2 0

Enterococcus faecalis (n=6) 6 0

Escherichia coli (n=3) 2 1

Klebsiella pneumoniae (n=2) 2 0

Pseudomonas aeruginosa (n=2) 0 2

12 (80%) 3 (20%)

4. Discussion

The incidence rate of catheter-associated urinary tract infection in dogs in this study was 46.4%
(13 out of 28 cases), a figure that demands our immediate attention. This high incidence rate,
significantly higher than those in other studies [11,16], is likely due to the longer mean and median
durations of catheterization, which were 5.5 and 6 days, respectively (range, 2 to 16 days). Previous
studies reported that the duration of catheterization is a significant risk factor for catheter-associated
UTI, the likelihood of which increases by 27% for each additional day of catheterization [12]. A
retrospective study in human patients with MDRO-associated urinary tract infections found that the
independent risk factors for these infections include a high white blood cell count, multiple urinary
tract obstructive diseases, the use of third-generation cephalosporins, and a history of invasive
urological procedures. The MDRO-positive group of patients also had longer hospital stays, greater
antibiotic requirements, and increased rates of bladder catheter use [25].

In this study, the probability of a dog remaining free from UTIs after three days was 92.8%; it
decreased to 60.7% after seven days and further declined to 53.6% after ten days. A longer duration
was observed compared to another study where the probability of a dog remaining free from UTIs
decreased to 63.3% by day 4 [11], possibly due to the use of antibiotics for every dog in our study.
Another study suggested that a single dose of antibiotic, especially a later-generation antibiotic [10],
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can delay UTI onset and reduce the likelihood of UTI development in dogs, as compared to those
that do not receive antimicrobials [11]. However, it cannot prevent UTIs and may lead to
antimicrobial resistance. Additionally, this study found a delay in UTI onset but identified pathogens
with multidrug resistance in 13 out of 15 isolates (80%), confirming the recommendations in
guidelines for diagnosing and managing bacterial urinary tract infections in dogs and cats [8]. These
guidelines state that prophylactic antimicrobial therapy is not indicated for the prevention of cystitis
in catheterized animals, and the duration of catheterization should be as short as possible.

One possible reason for the failure of systemic antimicrobial administration to prevent catheter-
associated UTI is biofilm formation. After a catheter is placed and comes into contact with urine, a
conditioning film forms due to the deposition of host-derived factors. This surface provides binding
sites for bacterial colonization, leading to biofilm formation and maturation. Bacteria within the
biofilm display decreased susceptibility to antimicrobials [2,3,10,17].

Widespread antimicrobial resistance is an emerging problem in both small animal medicine and
human health. The close contact between pets and humans creates favorable conditions for the
transmission of bacteria, either through direct contact or via the domestic environment. The
transmission of antimicrobial-resistant bacteria from pets to humans is particularly concerning when
the strains carry resistance genes that are relevant to human medicine. There is a risk that resistant
bacteria and/or resistance genes could transfer from pets to humans, including bacterial species and
resistance genotypes of clinical significance [21-24].

Microscopic examinations of urine sediment can generally assist in diagnosing urinary tract
infections, but no urinalysis parameters in this study were able to predict catheter-associated UTL
One study found that light microscopic examinations of specimens stained with modified Wright’s
stain are more sensitive and specific than examinations of routine unstained preparations. The
sensitivity values were 93.2% and 82.4% and the specificity values were 99.0% and 76.4% for samples
with and without staining, respectively, when compared to urine culture results [19]. The prevalence
of positive aerobic bacterial urine cultures in dogs with inactive urine sediment is low (3.4%) [18].
Therefore, urine sediment examination could help identify specimens likely to yield positive culture
results. While bacteriuria was likely associated with UTIs in our study, it was not statistically
significant. Therefore, using modified Wright’s stain may provide a more sensitive and specific
prediction of catheter-associated UTI and should be considered.

Age may be a risk factor for developing catheter-associated UTIs, though it was not found to be
significant in this study. A previous study reported that each additional year of age increases the risk
of developing a UTI by 20% [12]. This increased risk may be attributed to age-related changes in the
immune system [20]. In older dogs, urinary catheterization compromises the normal defense
mechanisms, and the altered immune response associated with aging may contribute to the
development of UTIs.

To the best of the authors” knowledge, there is currently no effective prevention method for
catheter-associated UTIs. However, the potential of future research to find a solution is promising.
While urinary catheters coated with antibacterial substances, such as silver or chlorhexidine, have
shown potential in reducing bacterial colonization and biofilm formation [1-7], further research is
needed to confirm their efficacy. These coatings may offer a promising alternative for prevention in
the future.

Our study had several limitations, which we acknowledge to maintain transparency and
honesty. First, the small sample size may have affected the power and reliability of the study results.
Increasing the sample size could potentially reveal more significant findings. Second, there was a
lower number of male dogs compared to female dogs in our study. Additionally, differences in the
types of urinary catheters used for male and female dogs may have limited the ability to draw
comparisons between these groups. Finally, this study did not have specific criteria for antibiotic use,
as all dogs received antibiotics for their underlying conditions. This lack of standardized antibiotic
criteria could have influenced the urine culture results. However, our results demonstrated the trend
of a higher risk associated with antimicrobial pre-treatment that created unexpected MDROs in the
catheterized dogs.
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5. Conclusion

Routine urinalysis is unreliable for predicting catheter-associated UTIs. In this study, dogs that
received prior antibiotic treatments exhibited UTI-free periods following catheter placement that
were longer than those reported in previous studies. However, a concerning finding emerged from
the drug sensitivity tests, which revealed a high prevalence of pathogens with multidrug resistance.
These MDROs created by antimicrobial pre-treatment highlight a growing issue of antibiotic
resistance in veterinary medicine, which could complicate treatment and management strategies.
Given these concerns, it may be advisable to reconsider prophylactic antibiotics, even for dogs at high
risk of developing UTIs, such as older dogs undergoing short-term urinary catheterization.
Implementing serial bacterial cultures, drug sensitivity tests, and urine sediment examinations using
modified Wright's stain could become the new standard routine. This proposed approach aims to
prevent or delay the development of further antibiotic resistance in catheter-associated urinary tract
infections. Future research should focus on validating this approach and exploring additional
strategies to mitigate antibiotic resistance in veterinary practice.
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