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Abstract

Background: Bacterial urine culture is recommended in dogs suspected of having

urinary tract infection (UTI), but there is expense and delay in obtaining such results.

Hypothesis/Objective: To determine the diagnostic performance of a rapid immuno-

assay (RIA) dipstick for detection of bacteriuria using voided urine from dogs with

clinical signs of lower UTI.

Animals: Twenty-four client-owned dogs.

Methods: Voided urine was collected and the RIA performed within 30 minutes. Urine

collected by cystocentesis was submitted for aerobic urine culture. McNemar's test and

kappa coefficient were calculated to determine agreement between the 2 tests.

Results: Nine of 21 dogs (43%) had UTI verified by aerobic urine culture. There was

1 false-negative and no false-positive RIA results. Sensitivity, specificity, positive pre-

dictive value, and negative predictive value of the RIA were 89%, 100%, 100%, and

92%, respectively.

Conclusions and Clinical Importance: This RIA is promising for correctly identifying

whether or not voided urine samples from dogs with lower urinary tract clinical signs have

true bacteriuria in a rapid, inexpensive manner. Additional patients should be enrolled in a

similar study to determine if diagnostic performance is robust in a large population.

K E YWORD S

bladder, cystitis, infection, urinary tract, urine culture

1 | INTRODUCTION

Definitive diagnosis of urinary tract infection (UTI) requires bacterio-

logic culture of urine or urinary tissue. The International Society for

Companion Animal Infectious Diseases recommends culture of urine

samples from all dogs suspected of having UTI.1 Cystocentesis is the

recommended collection method for samples to be cultured because

this method bypasses the distal urethra, which is inhabited by com-

mensal bacteria even in healthy dogs.1,2 Urine culture with suscepti-

bility testing is recommended to discriminate infection from

noninfectious diseases that mimic UTI, thereby directing optimal

treatment and promoting antimicrobial stewardship. There is concern

that indiscriminant use of antimicrobials contributes to bacterial anti-

microbial resistance.1

Abbreviations: cfu, colony-forming units; CI, confidence intervals; NPV, negative predictive

values; PPV, positive predictive values; RIA, rapid immunoassay dipstick; UTI, urinary tract

infection; VITALS, Virginia Tech Animal Laboratory Services.
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Despite these recommendations, many veterinarians collect voided

urine for urinalysis even when dogs have signs consistent with UTI.

Voiding collection likely is chosen because it is simple and can be per-

formed by dog owners, and it is convenient, pain-free, restraint-free,

and cannot introduce iatrogenic hemorrhage into the sample, all of

which are potential issues with cystocentesis. In some instances, such as

patients with thrombocytopenia or those receiving anticoagulant medi-

cations, cystocentesis actually may be contraindicated. Veterinarians

report cost as the main barrier to performing culture and susceptibility

testing.3 This decreases the necessity for collection by cystocentesis

and may be a reason why cystocentesis is not selected for collection

routinely by all veterinarians. Rapid, less expensive point-of-care tests

for bacteriuria have been compared with urine culture. One study

assessed unstained and modified Wright-stained urine sediment slides.4

The unstained and modified Wright-stained slides had sensitivities of

82.4% and 93.2%, specificities of 76.4% and 99.0%, positive predictive

values (PPV) of 40.1% and 94.5%, and negative predictive values (NPV)

of 95.8% and 98.7%, respectively. To achieve these results required that

all slides be reviewed by a single board-certified clinical pathologist and

urine be collected by cystocentesis. Other tests include compartmented

bacteriologic, urine dipstick paddle, and rapid urine catalase tests.5,6,7

The former 2 tests required a minimum of 24 hours to complete, and all

3 were performed on urine collected by cystocentesis or urinary cathe-

terization to achieve good performance.

Recently, another study reported use of a point-of-care rapid

immunoassay (RIA) urine dipstick (RapidBacVet, Silver Lake Research

Corporation, Azusa, California) for detection of bacteriuria in 200 urine

samples from dogs.8 Of these, 92% were collected by cystocentesis,

6% by urinary catheterization, and only 2% (4 samples) by voiding.

The sensitivity, specificity, PPV, and NPV were 71.7%, 100%, 100%,

and 91%, respectively. A major limitation of the study was that no

mention was made of whether or not dogs had lower urinary tract

signs, including suspicion of UTI. The RIA was performed by trained

laboratory personnel at a diagnostic laboratory. However, the test

does not require specialized training. The RIA takes <20 minutes to

complete and is less costly than commercial culture.

We were interested to determine if this RIA would perform well

in a typical general practice setting wherein licensed veterinary tech-

nicians perform the test on voided urine samples at the time of the

patient appointment for evaluation of lower urinary tract clinical signs.

We hypothesized, in this setting, positive and negative RIA results

would correlate well with positive and negative bacterial growth,

respectively, on aerobic bacterial culture of urine samples collected by

cystocentesis.

2 | MATERIALS AND METHODS

Ours was a prospective study performed at the Virginia-Maryland

College of Veterinary Medicine performed between January and

December of 2017. Dog owners were offered enrollment with signed

consent if their veterinarian recommend aerobic bacterial urine cul-

ture because of the presence of clinical signs of lower urinary tract

disease. Clinical signs had to include at least 1 of the following:

pollakiuria, stranguria, hematuria, periuria, excessively licking of the geni-

tal area, and urinary incontinence. There were no exclusion criteria,

including recent administration of antimicrobials. The RIAd was per-

formed by licensed veterinary technicians within 30 minutes after collec-

tion of voided urine, and the remainder of the sample was submitted for

urinalysis performed by medical technologists of the Virginia Tech Animal

Laboratory Services (VITALS) within 30 minutes. Neither cleansing nor an

attempt to collect urine at midstream were done. Urine also was col-

lected by antepubic cystocentesis within ±4 hours of the voided sample

(no medications were administered to dogs in the interim) and was plated

for aerobic bacterial urine culture by VITALS within 30 minutes of collec-

tion. Licensed veterinary technicians and medical technologists were

blinded to the results of the test performed by each other.

The RIA was performed according to the kit instructions

(RapidBacVet, Silver Lake Research Corporation). The test utilizes a cock-

tail of monoclonal antibodies targeting a panel of bacterial surface proteins

(personal communication from Erik Serrao, Vice President, Sales & Busi-

ness Development, Silver Lake Research Corporation). First, 150 μL of

assay buffer was added to the included test vial, which then was swirled

occasionally during a 2-minute waiting period at room temperature. Sub-

sequently, 150 μL of urine was added to each vial, swirled to mix, and

allowed to stand for 5 minutes at room temperature. Then, the included

test strip was placed into the test vial, and remained there for 10 minutes.

The strip was removed, and results interpreted as positive, according to

the instructions, if either lines 1 and 2 (gram-negative bacteria) or only line

2 (indeterminate gram type) appeared, and negative if only the control line

appeared.

For aerobic bacterial urine culture, a 10-μL calibrated loop was used

to streak urine onto 5% sheep blood agar, which then was incubated for

48 hours at 35�C in 7.2% CO2 and onto MacConkey agar which then

was incubated at 35�C in room air. After incubation, any growth was

sampled and identified using matrix-assisted laser desorption/ionization

time of flight mass spectroscopy, and growth quantified. Any growth

was considered a positive result indicative of bacteriuria and a UTI

because all dogs had lower urinary tract clinical signs that could be cau-

sed by UTI. The result of culture was the criterion-referenced result to

which the RIA was compared.

Sample size calculation was performed using the following

assumptions: prevalence of UTI 20%,8 80% power, and a P value of

.05. This calculation indicated a sample size of 60 (which includes

12 subjects with positive urine cultures) would achieve 86% power to

detect a change in sensitivity from 0.5 to 0.89 using a 2-sided bino-

mial test and 100% power to detect a change in specificity from 0.5

to 0.99 using a 2-sided binomial test. Thus, our goal was to enroll at

least 60 dogs. Sensitivity, specificity, PPV, and NPV for the RIA, using

the urine culture result as the definitive result, and 95% confidence

intervals (CI) were calculated using standard equations. A Chi-squared

(McNemar's) test was performed to determine the association

between the RIA and aerobic bacterial culture results. To assess

agreement between urine aerobic bacterial culture results and RIA

results, a simple kappa statistic (κ) and 95% CI calculated. P values of

<.05 were considered significant.
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3 | RESULTS

Twenty-six dogs were enrolled in the study. Five were eliminated. The

1st was found to have a bladder mass after the RIA was performed

but before submission of the urine culture, and the veterinarian chose

not to submit a sample for culture. The 2nd dog was eliminated

because its RIA test was found to have been performed on an expired

RIA test strip. Medical record review of the other 3 dogs indicated

they did not have any lower urinary tract clinical signs, and should not

have been enrolled. Thus, the analysis included 21 urine samples col-

lected from 21 separate dogs.

Clinical signs included pollakiuria (11 dogs), periuria,8 urinary

incontinence,6 and stranguria.4 The sex of dogs with positive urine

cultures included 7 spayed females, 1 intact female, and 1neutered

male dog. The sex of the dogs with negative urine cultures included

8 spayed females and 4 neutered males. No dogs had recently been

treated with or were receiving antimicrobials at the time of testing.

There were 8/21 positive RIA tests, all of which had positive urine

cultures, and thus were classified as true positives. The bacterial colony

counts were >100 000 colony-forming units (cfu/ml) in urine from 7 of

these dogs and 200 cfu/mL in urine from 1 dog. The bacterial species

was Escherichia coli in 5 patients, Klebsiella spp. in 2 patients, and a mix

of E. coli, Enterococcus faecalis, and Staphylococcus pseudintermedius in

1 patient. One of 21 RIA tests was negative with a positive culture and

was classified as a false negative. This urine sample lacked pyuria, but

did have rarely seen microscopic bacteria. The urine culture grew

>100 000 cfu/mL E. faecalis. This dog had not received any medication

other than phenylpropanolamine for several months before testing. All

remaining RIA tests were negative with negative urine cultures, and thus

were classified as true negatives.

The sensitivity of the RIA was 89% (CI, 52%-100%), specificity

100% (CI, 74%-100%), PPV 100% (CI, 63-100%), and NPV 92% (CI,

64%-100%). Results of urine culture and RIA were not independent

(P = .32). There was strong agreement between urine culture results

and RIA results; κ was 0.90 (95% CI, 0.71-1.0).

4 | DISCUSSION

We investigated the performance of an RIA for detection of bacteriuria

using voided urine from dogs with clinical signs of lower urinary tract

disease. Diagnostic performance was excellent, especially considering

urine samples were collected by voiding without any patient preparation

such as genital wiping or irrigation. Collection of urine by voiding is not

only common in veterinary practices, but it is easy for veterinary staff

and dog owners alike to perform, making it convenient.

The conceptual benefit of a test such as the RIA used in our study

is to rapidly screen patients with lower urinary tract signs to deter-

mine if there is reason to perform a urine culture. As such, high sensi-

tivity is desired such that all animals that truly have bacterial UTI

would test positive, and have urine culture recommended. The RIA

sensitivity was 89%, which is good, but along with PPV and NPV had

a wide CI due, to some extent, to the small population used.

Additional research should be performed to determine sensitivity in a

larger population. The sensitivity, specificity, PPV, and NPV of the RIA

are the same or higher than those reported for other screening tests,

including a compartmented bacteriologic culture, urine dipstick pad-

dle, and catalase tests performed on urine collected by cystocentesis.

The RIA had higher specificity and rapid results and used voided

urine.5,6,7 The high NPV should decrease the recommendation for aer-

obic urine culture and susceptibility testing, thus saving the client

money, but also should prevent unnecessary treatment with antibi-

otics. A negative RIA result also allows the veterinarian to quickly

focus diagnostic testing on causes of lower urinary tract clinical signs

other than bacterial UTI. The 100% PPV makes it clear which dogs

should undergo cystocentesis and submission of that sample for cul-

ture and susceptibility.

For dogs with a positive RIA, the RIA may have 2 disadvantages.

First, the RIA will result in an additional cost beyond aerobic urine cul-

ture. Second, if the RIA was performed on a voided sample dropped off

at a veterinary practice, the owner would need to return again for

cystocentesis and culture. However, in our population, > 50% of dogs

that had lower urinary tract clinical signs had negative urine cultures,

and thus clients to whom a urine culture was recommended (based on

their dog's clinical signs) would save money by using the RIA dipstick to

exclude bacterial infection as the diagnosis. We did not evaluate correla-

tion of cytologic pyuria, hematuria, or bacteriuria with urine culture

results. A grading scheme utilizing these cytologic features in addition to

the RIA might be superior to any individual test. There were no false-

positive RIA results, suggesting that presence of distal urethral commen-

sal bacteria may not influence the result of this point-of-care RIA. We

did not utilize the gram classification feature of the RIA.

The sensitivity, specificity, PPV, and NPV of the point-of-care RIA

for the detection of bacteriuria in our study were very similar to those

reported for identification of bacteriuria using modified Wright-stained

samples collected by cystocentesis and examined by a board-certified

clinical pathologist.4 The performance characteristics of the RIA were

very similar to those reported when this same RIA was used to identify

bacteriuria in samples predominantly collected by cystocentesis, but

possibly with higher sensitivity (89% vs. 71.7%).8 However, direct com-

parison of our results and these 2 studies is inappropriate. Those stud-

ies included samples regardless of whether clinical signs of UTI were

present, included multiple samples from the same dogs, and did not

report whether dogs were being treated with antimicrobials at the time

of testing. Diagnosis of UTI in those studies was based merely on cul-

ture detection of >1000 cfu/mL.8 Doing so is not an appropriate way

to diagnose UTI because subclinical bacteriuria can occur in dogs and

is distinct from UTI. In healthy and in morbidly obese dogs, the preva-

lence of subclinical bacteriuria is 10% and 13%, respectively.9,10 Our

study included only dogs with lower urinary tract clinical signs com-

monly associated with bacterial UTI. Although the previous studies4,8

included several hundred urine samples each, thus increasing statistical

validity, both had lower prevalence of positive urine cultures (16%4

and 28%8) than the 43% prevalence in our study. Both PPV and NPV

are affected by prevalence, further limiting comparison of these results

to our study.
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Our study utilized a small population and as a result is underpow-

ered with regard to determining the true sensitivity. A similar study

should be repeated with a population at least 2 times larger than ours

before drawing conclusions on the diagnostic performance of this RIA

using voided urine. Other aspects of the RIA, including precision and

effects of medications on the results, should be investigated.

In conclusion, this simple point-of-care RIA test can be performed

in-office, rapidly, at low-cost, and without specialized training. It may

offer monetary savings to dog owners and facilitate patient diagnosis

and treatment. We believe performance of this RIA on voided urine is

promising for correctly identifying presence or absence of true bacteri-

uria in dogs with lower urinary tract clinical signs, thus clarifying which

patients should have urine culture performed. Additional patients should

be enrolled in a similar study to determine if diagnostic performance is

robust in a large population.
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