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Objective: To identify risk factors for urinary bacterial growth in dogs with confirmed congenital 

 portosystemic shunts on which a quantitative urine culture was performed.

Materials and MethOds: Sixty-six dogs were included in this retrospective cross-sectional study. Medical 

records were reviewed from 1997 through 2019. Variables of interest included age, sex and sexual 

status, clinical signs for a urinary tract infection, blood urea concentration, urinalysis abnormalities, 

ultrasound abnormalities of the urinary tract, and previous treatment. Univariable and multivariable 

analyses were performed.

results: The median age of the dogs was one year (range: 0.2-11.0 years). Urinary tract ultrasound 

abnormalities (cystic calculi and cystic debris) were reported in 50 dogs (75.7%). Abnormalities on 

urinalysis included pyuria in nine dogs (13.6%), bacteriuria in 13 dogs (19.7%), and haematuria in 26 

dogs (39.4%). The median urine specific gravity was 1.021 (range: 1.004-1.052). Sixteen dogs 

(24.2%) had a positive quantitative urine culture. Based on multivariable analysis, bacteriuria (Odds 

ratio, 116; 95% CI, 9.6-1393; P = < 0.001) was the only variable significantly associated with a 

 significantly increased odds for a positive quantitative urine culture.

clinical significance: Clinical and subclinical bacteriuria can occur in dogs with congenital 

 portosystemic shunts. In this group of dogs, bacteriuria was a risk factor for urinary bacterial growth.

INTRODUCTION

Portosystemic shunts (PSSs) are vascular anomalies that con-
nect blood flow from the portal vein to the systemic circulation, 
bypassing the hepatic parenchyma (Berent & Tobias 2009). PSSs 
can be congenital or acquired, and the latter are most often associ-
ated with chronic portal hypertension. Congenital portosystemic 
shunts (CPSSs) can be extrahepatic, which are more common 
in small breed dogs, or intrahepatic, which are more common 
in large breed dogs (Payne et al. 1990, Lamb & White 1998). 
Dogs with PSSs can have a variety of clinical abnormalities. 
These include retarded growth, coagulopathies and gastroin-
testinal, neurologic, and/or lower urinary tract signs (Winkler 
et al. 2003, Kraun et al. 2014, Lidbury et al. 2015). In the lit-
erature, common urinary signs include haematuria,  pollakiuria, 

stranguria, polyuria, polydipsia, presence of urate calculi, and 
bacterial growth and/or infection (Winkler et al.  2003, Kraun 
et al. 2014). Urate urolithiasis is attributed to decreased urea pro-
duction, decreased uric acid metabolism, and increased ammo-
nia excretion (Bartges et al.  1999, Winkler et al.  2003, Kraun 
et al. 2014, Eh et al. 2015).

It is widely reported that the common risk factors for devel-
oping urinary bacterial growth (UBG) and subsequent uri-
nary tract infection (UTI) include female sex, urolithiasis, and 
anatomical or functional abnormalities of the urinary tract 
(Byron 2019). Several veterinary studies reported that diseases 
such as diabetes mellitus, hyperadrenocorticism, thoracolum-
bar vertebral disease, and chronic kidney disease (CKD) have 
been associated with an increased risk for developing UBG 
and UTI (Forrester et al.  1999, Olby et al.  2010, Lamoureux 
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et al. 2019). Although UBG/UTI have been reported in dogs 
with CPSSs, risk factors for this population still remain unde-
termined. One study suggested that the presence of urate cal-
culi could result in secondary bacterial tract infections (Winkler 
et al. 2003).

The main objective of this study was to describe and identify 
risk factors for UBG in dogs with CPSSs at the time of clini-
cal and diagnostic evaluation. We hypothesized that dogs with 
CPSSs with evidence of certain lower urinary tract abnormali-
ties will have an increased risk for developing UBG. A literature 
search was performed using databases such as PubMed, MED-
LINE, ClinicalKey, Biosys and Agricola on October 6, 2020. 
The following keywords were used for this search: dogs, con-
genital portosystemic shunts, UTIs, risk factors, and subclinical 
bacteriuria (SUB). Based on this search, no reports describing 
risk factors for UBG in dogs with CPSSs were found.

MATERIALS AND METHODS

Medical record search
Electronic medical records were searched from 1997 through 
2019 to identify dogs with a diagnosis for CPPSs. We searched 
for the following keywords: congenital portosystemic shunts, 
portosystemic shunts, and intra-and extrahepatic portosystemic 
shunts.

Inclusion criteria
Inclusion criteria included the following: (1) evidence of a single 
intra or extra-hepatic anomalous vessel that provided direct vas-
cular communication between the portal venous supply and the 
systemic venous circulation diagnosed by abdominal ultrasound 
(AUS), scintigraphy, CT, MRI, or exploratory laparotomy; (2) 
a record for a complete AUS with a detailed description of the 
urinary tract; (3) records that at least one quantitative urinary 
culture (QUC) was performed within 48 hours of CPSSs diag-
nosis with sterile urine obtained by cystocentesis along with a 
minimum database diagnostic lab work (complete blood count, 
biochemistry profile, and urinalysis); (4) records showing that 
the inclusion visit was before shunt attenuation as all dogs under-
going surgery would have had received antibiotic therapy there-
fore, modifying QUC results.

Exclusion criteria
Exclusion criteria included dogs that did not fulfil the cri-
teria listed above or received antimicrobial treatment within 
the 30 days before urinary bacterial culture. Patients with evi-
dence of multiple shunts were also excluded. Treatment with 
neomycin and/or metronidazole was considered an exemption 
as these drugs are known to mainly act within the gastroin-
testinal tract and although metronidazole metabolites can be 
excreted in the urine, these are relatively ineffective against 
facultative aerobic bacteria, which are commonly associated 
with UTIs in dogs (Plumb 2015, Dingsdag & Hunter 2018). 
Also, patients with evidence of another underlying disease 
were excluded.

Data collection
Medical records from each dog were reviewed and the following 
data were obtained: age, sex and sexual status, lower urinary tract 
signs (e.g. gross haematuria, dysuria, pollakiuria, or stranguria), 
evidence of lower urinary signs reported by the owner and/or the 
attending clinician, shunt type (i.e. extrahepatic or intrahepatic), 
ultrasonographic urinary tract abnormalities (i.e. presence of cys-
tic and/or renal calculi, and cystic echogenic debris suggestive 
of cystitis), evidence of low BUN on serum biochemistry panel 
values, and presence or absence of abnormalities on urinalysis 
(e.g. pyuria, haematuria, bacteriuria, pH, and specific gravity).

Medical records indicated that BUN measurements (Vitros 
4600 Chemistry System, Ortho-Clinical Diagnostics, Raritan, 
NJ) were performed by in house analysers following standard 
operating procedures. Urine was routinely collected through cys-
tocentesis, and was analysed. Urine specific gravity (USG) was 
measured via refractometry and a fresh multistick 10SG (Sie-
mens, Germany) was used for chemical analysis. The multistick 
was dipped into a Kova Tube (Kova international, CA, USA) 
with urine, patted dry on its side with a gauze and placed on a 
Clinitek Urinalysis Analyzer (Siemens, Germany) for evaluation. 
Urinary sediment analysis was performed by a laboratory techni-
cian. Pyuria was defined as more than five leukocytes per high 
power field (HPF) and microscopic haematuria was defined as 
>10 erythrocytes/HPF. The presence of bacteria was confirmed 
using a modified Wright-Giemsa stain. Urine was also submitted 
for QUC. Samples were cultured in two blood agar plates (BAP) 
and one MacConkey (MAC) agar plate. For the BAP plates, two 
dilutions were used: 1:100 and 1:1000, respectively. Incubation 
was performed in 6.1% CO2 at 37°C for BAP plates and at 37°C 
in an air incubator for MAC agar plate. A positive result was 
considered when ≥1000 CFU/mL were observed.

Measured outcomes
The a priori outcome measurement was the presence or absence 
of UBG, confirmed by QUC.

Statistical analyses
Continuous data (age and USG) were transformed to normal 
quantile plots and normality was assessed using a Shapiro-Wilk 
W Test. Median and range are provided for continuous data. Ini-
tially age was analysed as a continuous variable, but no significant 
association was identified. Therefore, it was analysed as a cat-
egorical variable forming two groups according to the obtained 
median (juvenile: <1 year or adult: >1 year). All categorical 
data were expressed in percentages and included: age (juvenile 
or adult), sex and sexual status (female spayed, male castrated, 
male intact, or female intact), lower urinary tract signs (present 
or absent), type of lower urinary tract sign (gross haematuria, 
pollakiuria, and dysuria), presence of a low BUN (yes or no), 
evidence of echogenic debris suggestive of cystitis on AUS (yes or 
no), evidence of urolithiasis on AUS (yes or no), urine pH (<6.0, 
6.0-7.5, or > 7.5), presence of haematuria (yes or no), pyuria (yes 
or no) or bacteriuria (yes or no) on urinalysis, shunt type (extra-
hepatic or intrahepatic), and previous treatment (metronidazole, 
neomycin, or none).
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The only variable of interest from the patients’ biochemistry 
panels was the presence or absence of BUN concentration below 
the lower limit of the reference interval. The justification for this 
is based on the fact that low BUN concentrations due to impaired 
hepatic urea cycle activity can affect the renal medullary concen-
tration gradient and may contribute to low urine concentration 
(Deppe et al. 1999). Several reports may suggest that low urine 
concentration can be a risk factor for developing urinary bacterial 
overgrowth (Puchot et al. 2017, Lamoureux et al. 2019).

Univariable analysis was performed using Fisher’s exact or 
Chi square tests for categorical variables. The outcome variable 
used was positive UBG at initial diagnosis for CPSSs. Explana-
tory variables (putative risk factors) evaluated included age, sex 
and sexual status, lower urinary tract signs, type of lower urinary 
tract sign, low BUN, ultrasound abnormalities, urinalysis abnor-
malities, shunt type, and previous antibiotic treatment. Since 
urinary pH had more than two categories, the category corre-
sponding to normal values (6.5-7.5) was used as the reference 
category. Results are reported as odds ratios (ORs) with their 
95% confidence intervals (CIs). Variables with a P value <0.2 on 
the univariable analysis were included in a multivariable logistic 
regression model and backward stepwise elimination was used to 
determine a final model. All differences were considered signifi-
cant if P values were ≤0.05. Statistical analysis was carried out 
using a commercially available statistical software (JMP Version 
15. SAS Institute Inc., Cary, NC).

RESULTS

Descriptive statistics
We screened a total of 594 records and identified 66 dogs that ful-
filled the inclusion criteria (Fig 1). The median age of the 66 dogs 

at the time of diagnosis was one year (range: min: 0.2 years, max: 
11.0 years). Thirty-five dogs were <1 year of age (53%) and 31 
were >1 year of age (47%). There were 33 spayed females (50%), 
15 castrated males (23%), 12 intact males (18%) and six intact 
females (9%). Twenty-six breeds were represented: 15 Yorkshire 
Terriers (2.7%), seven Miniature Schnauzers (10.6%), five Stan-
dard Schnauzers (7.5%), two Jack Russell Terriers (3%), three 
Maltese (4.5%), three mixed breed dogs (4.5%), three Miniature 
Poodles (4.5%), three Shih-tzu (4.5%), two Bichon Frise (3%), 
two Chihuahuas (3%), two Golden Retrievers (3%), two Irish 
Wolfhounds (3%), two Labrador Retrievers (3%), two Pugs (3%), 
and two Standard Poodles (3%). In addition, there was one (1.5%) 
of each of the following breeds: Australian Heeler, Boxer, Cocker 
Spaniel, Collie, Dachshund, Doberman Pinscher, Miniature Pin-
scher, Nova Scotia Duck Trolling Retriever, Pembroke Welsh 
Corgi, Rhodesian Ridgeback, and West Highland White Terrier.

Thirteen dogs (19.7%) had a history of receiving antibiotic 
treatment with metronidazole (7 dogs [10.7%]) or neomycin (6 
dogs [9%]).

Fifty-three dogs were diagnosed with extrahepatic portosystemic 
shunts (80.3%) and 13 dogs with intrahepatic portosystemic shunts 
(19.7%). The most common diagnostic method for CPSSs was AUS 
in 61 dogs (92.4%) followed by scintigraphy in five dogs (7.6%).

Only 21 dogs (31.8%) had a history of lower urinary tract 
signs and 45 dogs (68.2%) had no clinical signs. Gross haema-
turia was the most common, reported in 12 dogs (18.2%), fol-
lowed by stranguria in eight dogs (12.2%), and lastly pollakiuria 
in one dog (1.5%).

Urinary tract abnormalities reported by AUS included: cystic 
calculi in 43 dogs (65.2%) and echogenic debris suggestive of 
cystitis in 21 dogs (31.8%).

Serum BUN concentration was measured in all 66 dogs. 
Low BUN was reported in 19 dogs (28.8%). A urinalysis was 

Dogs with CPSSs 
between 1997-2019

594 cases 

528 cases excluded:
-Antimicrobial therapy within     
30 days prior QUC (380 cases).

-QUC not performed (79 cases).

-Incomplete or missing diagnostic 
information (44 cases).

-Evidence of another underlying 
disease (25 cases).

Dogs with CPSSs and 
QUC included for 
furthers analysis.

66 cases.

FIG 1. Case selection process. CPSSs congenital portosystemic shunts, QUC quantitative urine culture
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performed in all dogs. Nine dogs (13.6%) had pyuria, 26 dogs 
(39.4%) had haematuria, and 13 dogs (19.7%) had bacteriuria. 
Thirty-three dogs (50%) had an inactive urinary sediment. The 
median pH for all dogs was 7 (min: 5.5, max: 8.5), and the 
median specific gravity was 1.021 (min: 1.004, max: 1.052).

A positive QUC was reported in 16 dogs (24.2%). Isolated 
bacteria included: Escherichia coli in eight dogs (50%), Pseudo-
monas aeruginosa in three dogs (19%), Staphylococcus intermedius 
in three dogs (19%), and Proteus mirabilis and Enterococcus spp. 
were present in one dog (6%) each. From the positive QUC 
group, only six dogs (37.5%) were reported to have lower uri-
nary tract signs, with three dogs (18.7%) presenting with gross 
haematuria and stranguria, respectively. Nine dogs were spayed 
females (56.3%), three dogs were castrated males (18.7%), two 
dogs were intact males (12.5%), and two dogs were intact females 
(12.5%). Reported ages for this subgroup were 11 dogs >1 year of 
age (68.7%) and five dogs <1 year of age (31.3%).

Risk factor analysis
Results obtained from the univariable and multivariable analy-
ses are summarised in Table 1. Age, sex and sexual status, pres-
ence of cystic calculi, echogenic debris suggestive of cystitis, low 
BUN, shunt type, presence and type of lower urinary tract signs, 

presence of haematuria, USG, and previous treatment with met-
ronidazole or neomycin were not associated with UBG at the 
time of evaluation on univariable analysis. However, the pres-
ence of bacteriuria was significantly associated with UBG (OR, 
147; 95% CI, 15-1437; P = < 0.001). Similarly, the presence of 
pyuria was significantly associated with UBG (OR, 5.2; 95% CI, 
1.2-22, P = 0.031). When pH values were grouped according to 
reference intervals (Piech & Wycislo  2019), dogs with a urine 
pH >7.5 were significantly associated with UBG (OR, 6.7; 95% 
CI, 1.9-23; P = 0.002). Pyuria, USG, shunt type (intrahepatic 
versus extrahepatic) low BUN, bacteriuria, and urine pH >7.5 
were included in the multivariate analysis (P < 0.2 on univari-
able analysis; Table 1). After backward stepwise elimination, only 
bacteriuria (OR, 116; 95% CI, 9.9-1393; P = < 0.001) remained 
in the final model.

DISCUSSION

The frequency of UBG in 66 dogs with CPSSs for which a QUC 
was performed was 24.2%, but of these only 37.5% had lower 
urinary tract signs. These results are similar to those for other 
diseases such as CKD (Lamoureux et al.  2019), intervertebral 

TABLE 1. Univariable and multivariable logistic regression analyses to evaluate risk factors for urinary bacterial growth in 
66 dogs with diagnosed CPSSs

Univariable analyses Multivariable analyses

Factor No of Dogs OR (95% CIs) P value OR (95% CIs) P value

Age (y)
Juvenile (<1) 35 2.3 (0.7-7.3) 0.24
Adult (>1) 31

Sex and sexual status
Female spayed 33 1.2 (0.1-9) 0.80 – –
Male castrated 15 0.8 (0.1-5.7) 0.52
Female intact 12 0.4 (0.0-3.9) 0.52
Male intact 6

Lower urinary tract signs
Yes 21 1.4 (0.4-4.5) 0.39 – –
No 45

Lower urinary tract sign
Gross haematuria 12 1.8 (0.2-12) 0.55 – –
Stranguria 8 0.4 (0.1-2.3) 0.99

Low BUN
Yes 19 2.5 (0.7-8) 0.11 1.2 (0.13-10) 0.87
No 47

AUS abnormalities
Cystic calculi 43 1.2 (0.3–4.1) 0.48 – –
Echogenic debris 21 1.5 (0.4-5.5) 0.83 – –

Urinalysis
Haematuria 26 1.7 (0.6-5.5) 0.23
Pyuria 9 5.2 (1.2-22) 0.031 2.4 (0.1-37) 0.44
Bacteriuria 13 147.0 (15-1437) <0.001 116.0 (9.6-1393) <0.001
USG 66 1.6 (0.0-5.6) 0.07 1.7 (0.0-162) 0.71

pH (>7.5) 17 6.7 (1.9-23) 0.002 5 (0.6-40) 0.055
Shunt type

Intrahepatic 13 2.3 (0.6-8) 0.16 1.3 (0.1-13) 0.80
Extrahepatic 53 0.4 (0.1-1.5) 0.95 – –
Previous treatment
Metronidazole 7 0.8 (0.14-4.6) 0.65 – –
Neomycin 6 0.5 (0.03-4.7) 0.61 – –

Univariable analysis was performed using Fisher’s exact or Chi square tests. Variables with a P value <0.2 on the univariable analysis (on bold) were included in a multivariable logistic 
regression model. The results of the initial multivariable model (before backward stepwise elimination) are reported here
AUS Abdominal ultrasound, BUN Blood urea nitrogen, CIs Confidence intervals, OR Odds ratio, USG Urine specific gravity, UTI urinary tract infection
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disc disease (Olby et al. 2010), hyperadrenocorticism (Forrester 
et al.  1999), and diabetes mellitus (Forrester et al.  1999). Fur-
thermore E. coli was the most frequently isolated bacteria in this 
group, accounting for 50% of the reported isolates. This is no 
surprise as it is well documented in humans and dogs that non-
gastrointestinal E. coli possess extraintestinal virulence factors, 
making them more likely to become uropathogens. These fac-
tors include the production of siderophores, cytotoxins, trans-
port systems and expression of adhesins that mediate binding to 
the renal tubule (P, S, and F1C fimbriae), and urothelium (type 
1 fimbriae), facilitating adherence and invasion to these bio-
logical surfaces (Thompson et al.  2011, Olin & Bartges 2015, 
Byron 2019). Previous reports showed that spayed female dogs 
are overrepresented for developing UBG, this is mainly attributed 
to anatomical differences (Hall et al. 2013, Wan et al. 2014). We 
observed that sex was not a risk factor for developing UBG in this 
population: although 68.75% of dogs with UBG were female a 
considerable number of female dogs also had a negative QUC. 
This difference in findings may be due to differences in popula-
tions between studies and the relatively small sample size in our 
study.

Our study showed that bacteriuria was a significant risk factor 
for a positive QUC. This finding was expected as it has been pre-
viously observed in dogs and cats (Puchot et al. 2017, Rafatpanah 
Baigi et al. 2017, Grimes et al. 2020). Three dogs (18.8%) with a 
positive QUC had a negative sediment. Of these three dogs, only 
one dog (33%) had no signs of lower urinary tract disease. The 
combination of bacteriuria and pyuria leads to a high suspicion of 
UTI and it is used in people as a screening tool to assess the need 
for culture, therefore, an adequate microscopic sediment exami-
nation is paramount (Kass & Finland 2002, Nicolle et al. 2005). 
Several studies demonstrated that Gram staining and Wright-
Giemsa staining on wet mount and air-dried preparations will 
have a higher specificity and sensitivity for detecting bacteriuria 
in dogs and cats (Swenson et al. 2011, O’Neil et al. 2013). Pyuria 
alone can be an inconsistent finding in dogs with bacteriuria and 
thus should not be relied upon as an indicator of an absence of 
infection (Swenson et al. 2011, Puchot et al. 2017). This incon-
sistency was also observed in our study as only 31% of dogs with 
pyuria had a positive QUC and although pyuria was significant 
on univariable analysis, this association was not significant on 
multivariable analysis, possibly due to a confounding factor.

In this study population, the median urinary pH was seven. 
It is known that large amounts of ammonia in the urine, tend 
to alkalinize urinary pH, although when in combination with 
uric acid metabolites, urinary pH tends be more acidic and even 
be a predisposing factor for lithiogenesis (Bartges et al.  1999, 
Bartges & CallenS 2015, Eh et al. 2015). This could represent 
a possible explanation for this finding as 43 dogs (65%) in this 
study were reported to have urolithiasis. Interestingly, our study 
showed significance (P = 0.002) on univariable analysis, but was 
not significant (P  =  0.055) on multivariate analysis that dogs 
with an alkaline urine (pH > 7.5) had higher odds of having UBG 
compared to dogs with normal urine pH. As pH did not reach 
the threshold for statistical significance on multivariable analysis, 
this association is questionable. Regardless, our cross-sectional 

study design could not allow determination of cause and effect 
and so it is possible the alkaline urine occurred as a result of UBG 
or that alkaline urine pH predisposed dogs with CPSSs to UBG. 
Prior work supports either possibility depending on the species of 
bacteria involved. Alkaline urine can occur due to the presence of 
the urease-positive organisms Proteus spp., Staphylococci, or Cory-
nebacterium urealyticum (Stockham & Scott 2008). In our study, 
five dogs (31%) with a positive QUC had one of these organisms 
isolated. Also, when assessing alkaline urine pH, it is important 
to remember that alkaline urine occurs physiologically for sev-
eral hours postprandially, which is also known as the alkaline 
tide (Stockham & Scott 2008). Due to the retrospective nature 
of this study, we were not aware of the prandial status for all 
dogs. Although, it is worth pointing out that sample collection 
protocols at our teaching hospital requires a fasting period of at 
least 8 hours for all dogs before any blood samples for complete 
blood count and chemistry panel are withdrawn. Certain urine 
physicochemical properties such as the low pH and high osmo-
lality may serve as defence mechanisms against bacterial coloni-
sation in the lower urinary tract (Smee et al.  2013). Although 
some human studies have shown that acidic urine and increased 
osmolality can inhibit E. coli growth in vitro (Kaye 1968), these 
findings have been inconsistent in veterinary research (Forrester 
et al. 1999, Bailiff et al. 2006). A previous study showed that E. 
coli in vitro growth was higher in neutral to acidic and diluted 
urine compared to alkaline and concentrated urine from healthy 
dogs (Thornton et al. 2018).

We reported that 10 dogs (62.5%) with a positive QUC 
had absence of lower urinary tract signs. SUB is defined as the 
presence of bacteria in the urine in the absence of clinical signs 
and confirmed with a positive QUC (Weese et al.  2019). The 
rates for SUB reported here are similar to other reports. These 
studies mainly investigated the prevalence of SUB in groups of 
dogs that underwent a surgical procedure, or presented with a 
chronic illness (Olby et al. 2010, McGhie et al. 2014, Rafatpa-
nah Baigi et al. 2017). Polyuria/polydipsia (PU/PD) is common 
in dogs with CPSSs, leading to low USG. This likely results from 
poor medullary concentration gradient due to low BUN levels, 
increased renal blood flow and psychogenic polydipsia (Berent 
& Tobias 2009). Low USG had been suggested to be a cause of 
inactive urine sediment in dogs with UBG (Tivapasi et al. 2009). 
We found that in this population of dogs the median USG was 
1.021, and although this value may question the severity of PU/
PD, it is well under the threshold for minimal concentrating abil-
ity (1.030), and similar to previous reports in dogs with CPSSs 
(Deppe et al. 1999, Kraun et al. 2014, Eh et al. 2015). Therefore, 
it is possible that low USG could explain some of the discordant 
cases. As previously mentioned a high USG is associated with 
high presence of antimicrobial factors thus, low urine concentra-
tion could be an explanation for SUB as similar studies in dogs 
and cats with other comorbidities suggest (Forrester et al. 1999, 
Puchot et al. 2017, Lamoureux et al. 2019). It has been proposed 
in human medicine that certain strains of E. coli lack virulence 
factors and could be associated with SUB (Vejborg et al. 2012). 
Although this has not been demonstrated in dogs, it could repre-
sent a possible explanation given that E. coli was the most com-
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mon isolated pathogen in our study and others (Wan et al. 2014, 
Foster et al. 2018, Lamoureux et al. 2019). Another important 
aspect to consider was the retrospective nature of this study, as it 
cannot be ruled out that some of the enrolled dogs had clinical 
signs that were however not noticed or not recorded.

Historically, it has been reported that the development of 
ammonium urate stones and subsequent cystitis can represent a 
risk factor for developing a UTI (Winkler et al. 2003, Berent & 
Tobias 2009). Our study found no association between urolithia-
sis and UBG. It has been observed that dogs with urolithiasis will 
present many times with a negative QUC due to host defence 
mechanisms. In these situations, a mucosal biopsy of the bladder 
and urolith cultures are recommended to accurately assess the 
microbiological status of the urinary tract (Gatoria et al. 2006). 
These procedures were not performed in our study.

Limitations of this study include its retrospective design that 
could potentially lead to inaccurate information in each dog’s 
records, especially when reporting signs of lower urinary tract 
disease, the observance of which could vary between owners and 
clinicians. We were also unable to determine the prevalence of 
UBG in dogs with CPSSs due to the possibility of selection i.e. 
many dogs that were excluded did not have a QUC, possibly due 
to the clinician’s decision in the absence of lower urinary tract 
signs. However, 62.5% of the dogs with UBG did not have lower 
urinary tract signs recorded. Finally, it is possible that the risk fac-
tor analysis was underpowered due to the relatively small sample 
size. Additionally, there is a considerable likelihood that a type 
2 error could be present in our analyses, as only 16 dogs were 
reported to have a positive urine culture in our study.

In this group of dogs with CPSSs, the prevalence for UBG 
was 24.2%, which was apparently subclinical in 62.5% of the 
cases. Bacteriuria was the only variable associated with UBG on 
multivariate analysis. Prospective studies are needed to further 
determine the prevalence of and the risk factors for UBG in dogs 
with CPSSs.
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