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Urinalysis is of central interest for canine nephrol-
ogy, and proteinuria is considered a key factor 

affecting the progression of renal diseases and is one 
of the earliest abnormalities found in some canine 
familial progressive glomerular diseases.1–6 Early and 
accurate recognition of persistent renal proteinuria is 
essential to provide appropriate patient care. For hu-
man medicine, 24-hour urinary protein excretion is 
the criterion-referenced standard for urinary protein 
quantification.7 However, this method is impractical 
for dogs, and studies4,8–10 have confirmed that UPC 
for a randomly collected urine specimen correlates 
well with daily protein excretion. To provide useful 
clinical information, knowledge of analytic and pre-
analytic factors that could affect UPC determination 
is required. To our knowledge, the effect of storage 

Effects of storage conditions on results for quantitative 
and qualitative evaluation of proteins in canine urine

Marie-Laure Théron dvm

Laetitia Piane dvm

Laetitia Lucarelli dvm

Rémi Henrion dvm

Catherine Layssol-Lamour dvm

Florence Palanché  

Didier Concordet phd

Jean-Pierre D. Braun dvm, phd

Catherine Trumel dvm, phd 

Rachel Lavoué dvm, phd

Received May 10, 2016.
Accepted October 19, 2016.

From the Département des Sciences Cliniques, In-
stitut National Polytechnique (Théron, Lucarelli, 
Henrion, Lavoué), Equipe de Biologie Médicale-His-
tologie, Centre Régional d’Exploration Fonctionnelle 
et de Ressources Expérimentales (Piane, Palanché, 
Braun, Trumel), and Unité d’Imagerie Médicale, Cli-
nique Hospitalo-Universitaire Vétérinaire (Layssol-
Lamour), École Nationale Vétérinaire de Toulouse, 
31076 Toulouse, France; Unités Mixtes de Recher-
che, 1331 Toxalim, Institut National de la Recherche 
Agronomique, 75338 Paris, France (Concordet); and 
Institut de Recherche en Santé Digestive, Institut Na-
tional de la Santé et de la Recherche Medicale, 1220 
Toulouse, France (Lavoué). 

Address correspondence to Dr. Lavoué (r.lavoue@
envt.fr).

OBJECTIVE
To investigate effects of storage conditions on the canine urine protein- 
to-creatinine ratio (UPC) and on SDS–agarose gel electrophoresis (AGE) 
of urinary proteins.

SAMPLE
Urine specimens from 20 proteinuric (UPC > 0.5) and 20 nonproteinuric 
(UPC ≤ 0.2) dogs.

PROCEDURES
UPC and SDS-AGE were performed on urine specimens stored at room 
temperature (20°C) and 4°C for up to 5 days and at –20° and –80°C for 
up to 360 days; some specimens were subjected to 3 freeze-thaw cycles. 
Results were compared with those obtained for fresh urine specimens.

RESULTS
UPC was not affected by storage at room temperature or by freezing. A 
decrease in UPC was observed for specimens from nonproteinuric dogs 
after 5 days at 4°C (10%) and from both groups after 90 days at –20° and 
–80°C (≤ 20% and ≤ 15%, respectively). The SDS-AGE profiles revealed 
no visual changes regardless of duration of storage for specimens stored at 
room temperature, 4°C, and –80°C, except for 1 profile after 360 days at 
–80°C. Repeated freeze-thaw cycles did not affect SDS-AGE profiles. Ap-
pearance or strengthening of high-molecular-weight bands that could alter 
interpretation was evident in SDS-AGE profiles after storage at –20°C for 
≥ 15 days (31/40 dogs).

CONCLUSIONS AND CLINICAL RELEVANCE
Storage of urine at –20° or –80°C for up to 1 year influenced the UPC with-
out affecting clinical interpretation. Storage of urine specimens at –20°C 
impaired visual analysis of SDS-AGE. When SDS-AGE cannot be performed 
on fresh or recently refrigerated urine specimens, storage at –80°C is rec-
ommended. (Am J Vet Res 2017;78:990–999)

of canine urine specimens on UPC measurement 
has been examined in only 1 study.11 Results of that 
study indicated that UPC increased after storage for 
12 hours at both 20° and 4°C. This change in the UPC 
was mainly attributable to an increase of urine pro-
tein concentration, rather than to a decrease of urine 
creatinine concentration. Additionally, no significant 
changes in UPC were detected after storage at –20°C 
for 3 months.

Qualitative evaluation of urinary proteins also 
plays a central role in the early diagnosis of renal dis-
eases in humans, although renal histologic evaluation 
is the criterion-referenced standard for characteriz-
ing renal lesions.12–14 Obtaining renal tissue is inva-
sive and expensive and is not always recommended, 
especially for dogs with systemic hypertension or 
severe azotemia or healthy dogs with a moderately 
elevated UPC.15,16 Concentrations of urinary mark-
ers increase in dogs with various nephropathies be-
fore the onset of azotemia, which could be helpful 
for localizing the origin of the proteinuria.17–20 Un-
fortunately, quantitative measurements of urinary 
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markers are expensive and not routinely available. 
Determinations of low-molecular-weight (< 60 kDa) 
and high-molecular-weight (> 80 kDa) urine proteins 
by use of electrophoresis have been used to localize 
renal lesions in proteinuric dogs.21–25,a It was found 
that results for SDS-AGE, compared with results for 
examination of kidney biopsy specimens, had good 
sensitivity for use in identifying glomerular and tu-
bular lesions in dogs.24 Electrophoresis of urine pro-
teins is a noninvasive, inexpensive, and commercial-
ly available method for characterizing proteinuria. 
Additionally, in a recent study20 of dogs, there was 
a high correlation between SDS-AGE qualitative find-
ings and quantitative measurements of urine albumin 
and IgG.20 Because protein bands in gels may be used 
for identification purposes26 and interpretation of re-
sults of electrophoresis of urine proteins is based on 
visual assessment, it is important to know whether 
the urine SDS-AGE pattern can be affected by stor-
age conditions. In human medicine, intensity of the 
albumin band decreased and 2 low-molecular-weight 
bands appeared on patterns obtained for urine speci-
mens stored at –20°C for 12 months, but no obvious 
change was detected for specimens stored at 20°C for 
24 hours or at –70°C for 12 months.27,28 To our knowl-
edge, no information is available regarding the effect 
of storage condition on results for electrophoresis of 
canine urinary proteins.

Because storage conditions might introduce 
substantial variations in quantitative and qualitative 
results, they should be taken into account before 
designing a clinical study that involves the use of 
stored urine specimens. Therefore, the objective of 
the study reported here was to assess the effects of 
storage temperature and duration as well as repeat-
ed freeze-thaw cycles on results for electrophoresis 
(SDS-AGE) of urinary proteins and the UPC in speci-
mens obtained from proteinuric and nonproteinuric 
dogs.

Materials and Methods

Sample
Urine specimens were obtained from 20 protein-

uric client-owned dogs and 20 nonproteinuric cli-
ent- or staff-owned dogs. This prospective study was 
conducted at the Internal Medicine consultation of 
the National Veterinary School of Toulouse between 
October 2012 and June 2014. Informed consent was 
obtained from the owners of all dogs included in the 
study, and the study design was approved by the re-
gional ethical committee.

Proteinuric dogs were eligible for the study if they 
had renal proteinuria and required a urinalysis as part 
of the diagnostic evaluation. Dogs were proteinuric 
(UPC > 0.5), as defined by the IRIS staging system.6 
Additionally, it was required that plasma creatinine 
concentration was measured within 1 week after in-
clusion, and urine specimens containing ≥ 500 mg of 
protein/L were obtained to facilitate qualitative visual 
analysis of gel electrophoresis. Nonproteinuric (UPC 

≤ 0.2) dogs, as defined by the IRIS staging system,6 be-
tween 1 and 8 years of age were eligible for inclusion 
in the study. Dogs had to be healthy as determined on 
the basis of the medical history and results of a com-
plete physical examination, urinalysis, CBC, and bio-
chemical analysis (creatinine, glucose, albumin, total 
protein, alanine aminotransferase, alkaline phospha-
tase, sodium, potassium, chloride, and bicarbonates). 
Dogs with bacteriuria, an inflammatory urine sedi-
ment (defined as > 5 WBCs/hpf [40X magnification]), 
or gross hematuria (defined as > 250 RBCs/hpf) were 
excluded from the study because these abnormalities 
may affect the UPC.29

Specimen collection and processing
Urine specimens were collected (day 0) via cys-

tocentesis with ultrasonographic guidance by use of 
a 0.6 X 25-mm needleb and 10-mL syringec or free 
catch from the midstream phase of micturition, be-
cause natural voiding does not affect the UPC when 
the sediment is not inflammatory.30 At least 10 mL of 
urine was collected from each dog and immediately 
placed in a 15-mL conical tube.d

Urine specimens were processed within 2 hours 
after collection. They were centrifugede at 250 X g 
for 5 minutes. Supernatant was harvested and placed 
into seventeen 1.5-mL plastic tubesf (15 aliquots 
of 500 µL and 2 aliquots of 1,000 µL). The remain-
ing supernatant and sediment were used for direct  
microscopic urinalysis.

One 500-µL aliquot was used immediately for 
UPC determination and SDS-AGE. The other aliquots 
were stored at various temperatures. A set of three 
500-µL aliquots was stored at room temperature 
(20°C), and another set of three 500-µL aliquots was 
stored at 4°C; 1 aliquot from each set was analyzed 
on days 1, 2, and 5. The remaining 500-µL aliquots 
were frozen at –20°C (n = 4) and –80°C (4); 1 aliquot 
for each freezer temperature was analyzed on days  
30, 90, 180, and 360. In addition, the two 1,000-µL 
aliquots were frozen at –20° and –80°C and analyzed 
on day 15. 

The influence of repeated freeze-thaw cycles 
was assessed on the two 1000-µL aliquots. After they 
were thawed for analysis on day 15, they were refroz-
en and subsequently thawed and analyzed on day 90 
and 360. These aliquots were stored at the respective 
storage temperatures between analyses.

Urinalysis
Urinalysis was performed on fresh specimens 

within 2 hours after collection. Urinalysis was per-
formed in accordance with the Clinical and Laborato-
ry Standards Institute recommendations.31 A urinary 
dipstick testg,h was performed immediately on fresh 
urine specimens. The USG was determined with a 
handheld refractometer,i which was calibrated daily 
with distilled water. Bacteriuria was defined as the 
presence of free or intracellular bacteria observed 
microscopically on dried, stained, centrifuged prepa-
rations of urine sediment. Supernatant was used to 
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suspend the remaining sediment for microscopic ex-
amination of a wet preparation. Numbers of RBCs, 
WBCs, spermatozoa, epithelial cells, casts, and crys-
tals were expressed as the mean count/10 hpfs.

UPC and SDS-AGE
The UPC was determined, and results of  

SDS-AGE were obtained for each of the 17 aliquots 
on the previously described days of the study. Batch 
analysis of samples was performed (3 batches for 
the study). Frozen specimens were allowed to thaw 
for approximately 30 minutes at room temperature 
and homogenized in a vortex device before analysis. 
Urine creatinine concentration was measured by use 
of the Jaffé methodj; urine specimens were diluted 
(1:40) before analysis to satisfy linearity require-
ments. Urinary protein concentration was measured 
by use of a pyrogallol red methodk and an analyzer.l 
Two control urinesm,n were used for calibration and 
quality control analysis, which were performed be-
fore each batch analysis. Methods and calculation of 
mean bias, interassay CV, and total error observed 
were performed as recommended elsewhere.32 Total 
error observed was calculated as 2CV + bias.

After the UPC had been determined, SDS-AGE 
was performed by use of nonreducing conditions 
with a semiautomated systemo in accordance with 
the manufacturer’s recommendations. Briefly, 80 µL 
of the final urine supernatant was mixed with 20 µL 
of an SDS–bromophenol blue solution provided by 
the manufacturer. An aliquot (5 µL) of this mixture 
was loaded on agarose gels (agarose concentration, 
50 g/L), and migration, staining with acid-violet, and 
drying were conducted with the semiautomated sys-
tem. The limit for visible bands was 15 mg/L. Urine 
supernatants that contained > 1.5 g of protein/L and 
> 2 g of protein/L were diluted (1:1 and 1:2, respec-
tively) in distilled water. Each gel contained 5 wells; 4 
wells were filled with urine specimens, and the fifth 
was filled with a molecular marker solutionp from the 
manufacturer that contained lysozyme (14.3 kDa), tri-
ose-phosphate isomerase (26.6 kDa), bovine albumin 
(66 kDa), and human IgG (150 kDa).

After gels had dried, color copies were made to 
facilitate further comparison. Gels and copies were 
immediately visually analyzed separately by 2 in-
vestigators (MLT and RL). Only qualitative analyses 
of migration patterns were performed because of 
the low accuracy of unidimensional urine protein 
electrophoresis to quantify protein fractions.33 Gels 
were stored in the dark in document cases for 360 
days and were reevaluated at the end of that period. 
Bands that migrated the same distance as the bovine 
albumin and human IgG standards were considered 
to be albumin and IgG bands, although the products 
were not definitely verified. The other bands were 
characterized as low-molecular-weight bands or high-
molecular-weight bands on the basis of their position 
relative to the albumin band.

Statistical analysis
To enable investigators to better evaluate sta-

bility of urine proteins, results for proteinuric and 
nonproteinuric groups were analyzed separately be-
cause minimal changes may be more relevant at a low 
UPC rather that at a high UPC. Differences between 
the proteinuric and nonproteinuric groups for age, 
plasma creatinine concentrations, and urinary vari-
ables obtained at day 0 (USG and the mean number 
of casts, spermatozoa, WBCs, RBCs, epithelial cells, 
and crystals/10 hpfs; urine protein and creatinine 
concentrations; and UPC) were analyzed by use of 
the Mann-Whitney U test. Effect of age, sex, and plas-
ma creatinine concentration on results of the initial 
analysis were assessed with a general linear model. 
Normality for all variables measured on day 0 was as-
sessed with the Anderson-Darling test.

For each storage temperature, influence of the 
storage duration on urine protein and creatinine 
concentrations and UPC was assessed by use of the  
Dunnett test, with results for day 0 serving as the 
control values. For specimens that were subjected 
to repeated freeze-thaw cycles, specimens stored for 
the same duration at the same temperature and that 
were not subjected to freeze-thaw cycles were used 
as control specimens. To assess differences that were 
not considered attributable to analytic variation, 
UPC values obtained at the various time points were 
compared with the UPC on day 0 ± (2.77 X CV). The 
mean CV determined for the batch analysis was used 
for these calculations. Therefore, an actual change 
was identified when the UPC values obtained for 
specimens after storage at various temperatures for 
various durations were greater than the UPC on day 0 
± (0.238 X UPC on day 0).

All tests were performed with computer 
software.q For all analyses, values of P < 0.05 were 
considered significant. All numerical results were 
reported as median and range because none of the 
tested variables was normally distributed.

Effects of storage temperature and duration on 
results of SDS-AGE were visually assessed by compar-
ing all profiles with that on the color copy for the 
fresh specimen obtained on day 0. For specimens 
that were subjected to repeated freeze-thaw cycles, 
profiles obtained with specimens stored for the same 
duration at the same temperature and that were not 
subjected to freeze-thaw cycles were used as control 
specimens. The presence of any modification (appear-
ance of bands, disappearance of bands, or increases 
or decreases in the intensity of bands) was recorded.

Results

Sample
All recruited dogs met the inclusion criteria. The 

nonproteinuric group consisted of 10 males (5 castrat-
ed and 5 sexually intact) and 10 females (5 spayed and 
5 sexually intact); there were 5 mixed-breed dogs, 3 
Beagles, 3 Australian Shepherds, and 1 each of 9 other 
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breeds. The proteinuric group consisted of 15 males (4 
castrated and 11 sexually intact) and 5 females (3 spayed 
and 2 sexually intact); there were 3 Yorkshire Terriers, 
2 Labrador Retrievers, 2 mixed-breed dogs, and 1 each 
of 13 other breeds. Proteinuric dogs (median, 10 years; 
range, 1 to 14.5 years) were significantly (P < 0.001) old-
er than nonproteinuric dogs (median, 2.5 years; range, 
1 to 7.5). Proteinuric dogs were affected by various 
diseases, including neoplasia (n = 6), hyperadrenocor-
ticism (3), leptospirosis (2), leishmaniasis (2), immune-
mediated diseases (3), acute pancreatitis (2), chronic 
kidney disease (1), and cervical spondylopathy (1). The 
plasma creatinine concentration at the time of inclusion 
in the study was within the laboratory reference inter-
val (< 133 µmol/L) for all dogs, except for 2 (a neutered 
male dog with a pheochromocytoma [148 µmol/L] and 
a male dog with recently diagnosed [3 days before study 
inclusion] leptospirosis [589 µmol/L]). Plasma creati-
nine concentration did not differ significantly (P = 0.52) 
between groups.

Collection of urine specimens
All specimens, except for 3, were collected by use 

of cystocentesis. Collection via free catch was used for 
medical reasons for 2 dogs (a spayed female dog with 
immune-mediated thrombocytopenia and a male dog 
with acute pancreatitis) and for convenience reasons 
for a healthy male dog. Urinalysis revealed no evidence 
of inflammation or hematuria in any of the specimens.

Urinalysis
Mean bias, interassay CV, and total error ob-

served were calculated for UPC determination  

(Table 1). Urinalysis revealed significant differences 
between the proteinuric and nonproteinuric groups 
for several variables (Table 2).

Urine protein and creatinine  
concentrations and UPC

Day 0—Urine protein and creatinine concentra-
tions and the UPC in specimens analyzed on day 0 
were summarized (Table 2). Specimens from protein-
uric dogs had a significantly higher urine protein con-
centration (P < 0.001), UPC (P < 0.001), and number 
of casts/10 hpfs (P = 0.001) and a significantly lower 
USG (P < 0.001), urine creatinine concentration (P < 
0.001), and number of WBCs/10 hpfs (P = 0.011). The 
UPC was not significantly affected by sex (P = 0.42) 
or plasma creatinine concentration (P = 0.59).

Effects of storage time and temperature and repeated 
freeze-thaw cycles—The UPC could not be determined 
on day 5 for 4 specimens (1 proteinuric and 3 non-
proteinuric) stored at 4°C because of technical is-
sues. Distributions of the UPC after storage at various 
temperatures and for various durations were plotted 
(Figure 1). Urine protein concentration, urine creati-
nine concentration, and UPC after storage at various 
temperatures and for various durations, compared 
with values for samples on day 0, were summarized 
for each group (Table 2).

Urine protein and creatinine concentrations and 
the UPC for specimens from both groups were not af-
fected by storage at room temperature or by repeated 
freeze-thaw cycles at –20° and –80°C. Urine creati-
nine concentration for specimens from both groups 

Table 1—Interassay CV, mean bias, and total error observed (TEobs) for the urinary protein concentration, urinary creatinine 
concentration, and UPC for control solutions used for calibration and quality control before each batch analysis. 

 Protein              Creatinine   UPC

 Target CV  Bias TEobs  Target CV Bias TEobs Target CV Bias TEobs 
Batch (mg/L) (%) (%) (%) (mg/L) (%) (%) (%) (mg/L) (%)   (%) (%)

1 341 2.7 1.2 6.6 652 6.2 0.6   13.0 0.52  5.7 0.01 11.4
2 246 6.3 2.0 14.6 660 7.8 1.0   16.6 0.37 9.3 0.03 18.6
3 227 8.0 1.1 17.1 651 8.6 1.3   18.5 0.35 10.9 0.01 21.8
Mean  271 5.7 1.4 15.9 654 7.5 1.0   16.0 0.41 8.6 0.02 17.3

The TEobs was calculated as 2CV + bias as reported elsewhere.32

Variable Nonproteinuric Proteinuric P value*

USG 1.040 (1.016–1.050) 1.019 (1.006–1.046) < 0.001
RBCs (mean No./10 hpfs) 1.9 (0–20.0) 2.4 (0.1–20.0) 0.370
Epithelial cells (mean No./10 hpfs) 0.3 (0–10.1) 1.7 (0–13.5) 0.060
WBCs (mean No./10 hpfs) 0.2 (0–2.5) 0 (0–4.9) 0.011
Spermatozoa (mean No./10 hpfs) 0 (0–20.0) 0 (0–10.0) 0.631
Casts (mean No./10 hpfs) 0 (0–3.0) 0.5 (0–3.2) 0.001
Crystals (mean No./10 hpfs) 0 (0–3.2) 0 (0–0.2) 0.107
Protein (mg/L) 206 (133–703) 1,116 (556–3,888) < 0.001
Creatinine (mg/L) 2,475 (975–4,955) 619 (307–3,162) < 0.001
UPC 0.09 (0.05–0.16) 1.82 (0.50–7.92) < 0.001

*Values were considered significant at P < 0.05.

Table 2—Median (range) values for urinalysis of fresh specimens (day 0) obtained from 20 
nonproteinuric and 20 proteinuric dogs.



994 AJVR • Vol 78 • No. 8 • August 2017

was not affected by storage at –20° and –80°C. Urine 
protein concentration and the UPC were not affected 
for specimens of proteinuric dogs after storage at 4°C.

The UPC decreased marginally, but significantly, 
for specimens from nonproteinuric dogs after storage 
at 4°C for 5 days and storage at –20° and –80°C for 
> 15 days, whereas the UPC only decreased signifi-
cantly for specimens from proteinuric dogs stored at 
–20°C for 30 to 180 days and at –80°C for 90 to 180 
days. The UPC differed significantly for several urine 
specimens stored at various temperatures and for var-
ious durations; these differences were mainly associ-
ated with a decrease of the UPC for specimens stored 
at –20°C and, less frequently, at –80°C (Table 3).

A moderate, but significant, decrease of the urine 
protein concentration for specimens from nonpro-

teinuric dogs was observed after stor-
age at 4°C for 5 days and after storage 
at –20° and –80°C for > 15 days. In con-
trast, the urine protein concentration 
for specimens from proteinuric dogs 
only decreased significantly after stor-
age at –20° and –80°C for 180 days.

A mild, but significant, decrease of 
the urine creatinine concentration for 
specimens from proteinuric dogs was 
observed after storage at 4°C for 5 days. 
In contrast, a mild, but significant, in-
crease of the urine creatinine concen-
tration for specimens from nonprotein-
uric dogs was observed after storage at 
4°C for 2 days.

Three dogs had changes in the 
UPC, dependent on the temperature 
and duration of storage, that would 
have resulted in a change in status (ie, 
the UPC crossed a defined threshold 
[0.2 or 0.5] for the IRIS staging sys-
tem).6 For one of these dogs, the UPC 
on day 0 was 0.16, but the UPC in-
creased to 0.21 after specimen storage 
at room temperature or 4°C for 1 day. 
For the second dog, the UPC on day 0 
was 0.5, but it decreased to 0.49 after 
specimen storage at room temperature 
for 1 day; 0.49 and 0.49 after storage at 
4°C for 1 and 5 days, respectively; 0.38, 
0.43, 0.33, 0.38, and 0.41 after storage at 
–20°C for 15, 30, 90, 180, and 360 days, 
respectively; and 0.45, 0.41, and 0.48 af-
ter storage at –80°C for 30, 90, and 180 
days, respectively. For the third dog, 
the UPC on day 0 was 0.62, but it de-
creased to 0.46 and 0.47 after specimen 
storage at –20°C for 15 days and storage 
at –80°C for 30 days, respectively.

SDS-AGE
Day 0—No bands were evident on 

SDS-AGE profiles of specimens from 
10 nonproteinuric dogs. A low-intensity, low-mo-
lecular-weight (35-kDa) band was observed only 
on profiles of specimens from sexually intact male 
dogs (5/5 nonproteinuric dogs and 10/11 protein-
uric dogs; Figure 2). A low-intensity albumin band 
was observed on 8 of 20 profiles of specimens from 
nonproteinuric dogs. For specimens obtained from 
the proteinuric dogs, 11 of 20 had concomitant 
low-molecular-weight, albumin, and high-molecu-
lar-weight bands; an albumin band, albumin band 
and low-molecular-weight band, and albumin band 
and high-molecular-weight band were apparent on 
the SDS-AGE patterns of specimens from 2, 2, and 5 
dogs, respectively. Method of urine collection and 
hypercreatininemia were not associated with dis-
tinctive migration patterns.

Figure 1—Box plots of the UPC for urine specimens obtained from 20 nonpro-
teinuric (UPC ≤ 0.2 [A, C, E, and G]) and 20 proteinuric (UPC > 0.5 [B, D, F, 
and H]) dogs and stored at room temperature (20°C  [A and B]), 4°C (C and D), 
–20°C (E and F), and –80°C (G and H). Day of urine collection was designated 
as day 0. Each symbol represents results for 1 dog. For each box, the bottom and 
top represent the 25th and 75th percentiles, respectively, and the horizontal line 
represents the median. *Represents results for only 17 dogs. †Represents results 
for only 19 dogs. 
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Effects of storage conditions on visual 
interpretation of SDS-AGE profiles

All specimens, except for 1, had no visible chang-
es on any profile after storage at room temperature, 
4°C, or –80°C or after 1 or 2 repeated freeze-thaw 
cycles when specimens were stored at –80°C. A faint 
high-molecular-weight band was visible only on the 
profile for the specimen from 1 nonproteinuric dog 
after storage at –80°C for 360 days.

A high-molecular-weight band (> 150 kDa) or 
strengthening of the intensity of the IgG band (or 
both) was observed on profiles of specimens ob-
tained from 13 proteinuric and 18 nonproteinuric 
dogs after specimen storage at –20°C for > 15 days. 
Although a high-molecular-weight band appeared in 
the profile of a urine specimen from a hypercreatinin-
emic neutered dog after specimen storage at –20°C, 
the migration pattern for the specimen from a male 
dog with leptospirosis did not change over time after 
storage at a similar temperature. For 2 of 3 specimens 
obtained via natural voiding, a > 150-kDa band ap-
peared or had a strengthening of intensity. The high-
molecular-weight band on profiles of specimens from 
proteinuric dogs was thick, whereas it was faint and 
scarcely visible on profiles of specimens from non-
proteinuric dogs (Figure 2).

A pattern was detected for specimens from 9 
dogs (5 nonproteinuric and 4 proteinuric dogs). 

The appearance or strengthening in 
intensity (or both) of bands with a 
molecular weight ≥ 150 kDa was asso-
ciated with a decrease in the intensity 
of a band located at a lower molecular 
weight.

Gel staining faded over time. There 
was complete disappearance of less in-
tensely stained bands after storage in 
the dark for 360 days (Figure 3).

Discussion
The study reported here revealed 

that UPC for proteinuric and nonpro-
teinuric dogs was not significantly af-
fected by storage of urine specimens at 
room temperature and 4°C for up to 3 
days or by freeze-thaw cycles. The UPC 
for urine specimens stored at –20° and 
–80°C decreased slightly with time, 
mainly because of a decrease in urine 
protein concentration. This decrease 
was less noticeable and observed later 
when urine specimens were stored at 
–80°C. The SDS-AGE profiles for urine 
specimens from proteinuric and non-
proteinuric dogs were only affected 
by storage at –20°C; the appearance or 
strengthening of the intensity of bands 
with a molecular mass ≥ 150 kDa was 
observed on SDS-AGE profiles for 31 
of 40 (78%) dogs after storage of urine 

specimens for 15 days. To our knowledge, the study 
reported here was the first in which the effects of 
storage conditions on visual assessment of electro-
phoresis of urinary proteins of dogs have been as-
sessed.

In the present study, UPC remained stable when 
urine specimens were stored at room temperature 
for 5 days and at 4°C for 3 days. These findings differ 
from those of another study11 in which investigators 
found an increase in UPC after storage for 12 hours at 
room temperature or 4°C. Additionally, in that other 
study,11 no significant changes in UPC were detected 
after storage at –20°C for 3 months. Differences be-
tween that study and the study reported here may be 
explained by the interlaboratory variability regarding 
measurement of the UPC as well as by the design of 
the present study in which proteinuric and nonpro-
teinuric dogs were assessed separately.34

In the present study, the urine protein concen-
tration decreased mildly but significantly with time 
when urine specimens were stored at –20°C and less 
noticeably when specimens were stored at –80°C, 
which lead to a concomitant decrease of the UPC. This 
decrease of urine protein concentration might have 
been attributable to the denaturation of urine proteins 
during storage. Urine creatinine might be more stable 
than urine proteins during storage because concentra-
tions of urine creatinine for nonproteinuric and pro-

Figure 2—Images of SDS-AGE gels for urine specimens obtained from protein-
uric and nonproteinuric dogs and stored at various temperatures for various du-
rations. Day of urine collection was designated as day 0. Lanes 1 and 2 represent 
urine specimens on day 0 from a nonproteinuric sexually intact male dog and a 
neutered male dog, respectively. Notice the faint albumin bands (arrow) for both 
dogs and a low-molecular-weight band (double arrowhead) only for the sexually 
intact dog. Lane 3 is the urine specimen from the neutered male dog in lane 2 
after the specimen was stored at –20°C for 30 days. Notice the faint high-molec-
ular-weight band (double arrowhead) and concurrent mild decrease in intensity 
of the albumin band. Lanes 4, 5, and 6 are the urine specimen from a proteinuric 
female dog at day 0, after storage at –20°C for 15 days, and after storage at –80°C 
for 15 days, respectively. Notice the faint high-molecular-weight band (double ar-
rowhead), which has the same molecular weight as for the specimen in lane 3, and 
a strengthening in the intensity of the IgG band at 150 kDa (arrowhead). In lane 6, 
notice the absence of modification of the SDS-AGE pattern, compared with that 
for the specimen at day 0 (lane 4). Lanes 7 and 8 represent a urine sample from a 
proteinuric neutered male dog at day 0 and after storage at –20°C for 180 days, 
respectively. The pattern on day 0 has a mixed (glomerular and tubular) pattern. 
In lane 8, notice the appearance of the faint high-molecular-weight band (triple 
arrowhead) with the same molecular weight as in lanes 3 and 5, a strengthening of 
the intensity of the IgG band at 150 kDa (double arrowhead), and disappearance 
of the low-molecular-weight band evident on day 0 (arrowhead); this would be in-
terpreted as a glomerular pattern. Lane 9 represents molecular weight markers.
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teinuric dogs were significantly affected only after 
storage at 4°C for 2 and 5 days, respectively. The fact 
that SDS-AGE patterns obtained for specimens stored 
at –20°C were altered, with a decrease in the intensity 
of some protein bands, may further support the hy-
pothesis that there was protein denaturation or altera-
tion. Bacterial consumption may also have explained 
the decrease in protein concentration. However, most 
of the specimens were collected via cystocentesis and 
immediately stored at –20°C. Bacterial metabolism is 
inhibited at –20°C; thus, this hypothesis seems unlike-
ly. Additional sources of variation include the analyzer, 
batch of reagents used, and skill of the technical staff. 
To minimize the possible influence of these factors, all 
measurements were performed by the same operator 
(FP) by use of the same analyzer. However, because the 
present study extended over several months, 3 batches 
of reagent were used, which might have been respon-
sible for some of the observed variation. Indeed, the 
interassay CV increased during the study period and 
might have contributed to the variation. However, no 
information regarding acceptable interassay CV and 
total error observed for urine protein and creatinine 
analyses are available for veterinary medicine, and the 
CV and total error observed obtained in the present 
study were well below the acceptable values recom-
mended in human medicine for these measured uri-
nary analytes.35 Therefore, it appeared unlikely that 
the increase in CV would have contributed to the ob-
served variations. Additionally, most of the differences 
between serial UPC values did not reach the maximal 
analytic difference.

Variations in UPC associated with storage con-
ditions might lead to an incorrect categorization 
(as determined by use of the IRIS staging system) 
of urine specimens with a UPC close to the cut-
off values (ie, 0.2 and 0.5). Indeed, in the present 
study, the substage for a few dogs changed over 
time when urine specimens were stored at differ-
ent temperatures. This finding is in agreement with 

those of another study24 in which the 
analytic variability was higher at low 
urine protein and creatinine concen-
trations. In the present study, 3 dogs 
for which the initial UPC was close 
to an IRIS threshold were misclassi-
fied several times. One dog initially 
categorized as nonproteinuric was 
classified as borderline proteinuric 2 
times, whereas 2 other dogs initially 
classified as proteinuric were subse-
quently classified as borderline pro-
teinuric 4 and 12 times, respectively. 
However, no dog initially classified 
as proteinuric was subsequently clas-
sified as nonproteinuric. Therefore, 
these variations might have reflected 
only the analytic variability because 
relatively few specimens reached the 
maximal analytic difference. Addition-

ally, these variations were not considered clinically 
relevant and were unlikely to affect medical deci-
sions, especially in view of the biological variability 
of the UPC for dogs.36,37

Both potential sources of erroneous interpreta-
tion (ie, analytic and biological variability) should be 
kept in mind when a dog is evaluated on the basis 
of a single UPC determination. Pooling several urine 
specimens collected from the same dog on different 
days has been suggested37 to reduce individual vari-
ability of the UPC. When pooling of urine specimens 
is used, investigators should take into account the 
storage temperature and delay between specimen 
collections to prevent further misinterpretation of 
the UPC. Furthermore, sequential measurements to 
monitor the course of a disease or efficacy of treat-
ment should be conducted by the same laboratory to 
minimize overestimation or underestimation of the 
UPC attributable to interlaboratory variability.34

Initial qualitative evaluation of urinary pro-
teins revealed that albumin was the most predomi-
nant band, albeit faintly stained, in the pattern for 
a urine specimen obtained from a healthy dog, 
which is considered a physiologic finding provided 
that the dog’s UPC is consistently < 0.2.24,38 Addi-
tionally, a 25- to 30-kDa band was observed in most 
of the SDS-AGE profiles for urine specimens ob-
tained from male dogs. This band in healthy dogs 
has been identified as the major secretory protein 
of the prostate gland, arginine esterase.26 Howev-
er, we cannot exclude that the 25- to 30-kDa band 
observed for 10 of 11 proteinuric male dogs had 
a tubular origin. Although this hypothesis seems 
less likely given the absence of identification of this 
band for the remaining proteinuric dogs, gel-based 
protein extraction and identification would be nec-
essary to conclude its origin.

The SDS-AGE profiles were not modified by stor-
age of urine specimens at room temperature and 4°C 
or by repetitive freeze-thaw cycles. These findings 

Figure 3—Images of an SDS-AGE gel for a urine specimen on day 0 (A) and after 
the gel was stored in the dark in a document case for 360 days (B). Notice that 
there is considerable fading of the staining over time and the disappearance of 
some bands.
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are similar to those reported for a study28 on human 
urine, whereby SDS-PAGE patterns for urine speci-
mens were not affected by prolonged exposure at 
room temperature and multiple freeze-thaw cycles. 
Additionally, SDS-AGE profiles obtained for urine 
samples stored at –80°C for up to 365 days were not 
modified for 39 of 40 dogs, which is consistent with 
results of another study27 with human urine in which 
no visual change in SDS-PAGE was observed for urine 
specimens stored at –70°C for 12 months.

In the present study, potentially important 
qualitative modifications in SDS-AGE profiles attrib-
utable to storage of specimens were observed after 
storage at –20°C for ≥ 15 days for 32 of 40 dogs. 
Indeed, the appearance of a high-molecular-weight 
band > 150 kDa, strengthening of the intensity 
of a 150-kDa band, or both were associated with 
a variable decrease in the intensity or disappear-
ance of low-molecular-weight bands or the albumin 
band and was observed for 9 dogs. These observa-
tions were not expected because albumin degrada-
tion has been reported27 for human urine stored 
at –20°C for up to 12 months, whereby a decrease 
in intensity of the albumin band was concomitant 
with the appearance of 2 low-molecular-weight 
bands (identified as products of albumin degrada-
tion) for 25% of the human urine specimens. In 
the present study, there was no appearance of low-
molecular-weight bands, but there was a strength-
ening in the intensity of high-molecular-weight 
bands, associated with a decrease in the intensity 
of protein bands of lower molecular weight for 
some specimens.

Several hypotheses might explain these modi-
fications. New bands might have corresponded to 
bacterial proteins. Indeed, bacterial contamination 
of urine is possible even in the absence of any cyto-
logic evidence of bacteriuria.39 However, because 
the urine protein concentration did not increase 
during storage, this phenomenon appeared to be 
unlikely, unless there was concomitant bacterial 
consumption. Further studies with the addition of 
an antimicrobial agent would be needed to inves-
tigate this hypothesis. Another explanation might 
have been the formation of protein aggregates that 
could have altered migration patterns. Absence of 
a marked difference in urine protein concentration 
between aliquots stored at –20° and –80°C support-
ed this hypothesis. The reason this phenomenon 
would occur only in specimens stored at –20°C 
and not at –80°C is not clear, although noncovalent 
binding or a structural modification such as disulfur 
binding is more likely to occur at –20°C. Collection 
method (cystocentesis vs natural voiding) may also 
have been an explanation because urogenital con-
tamination, although minimal, may be associated 
with the presence of some remainder proteins or 
cells that could aggregate. However, this appeared 
to be extremely unlikely given the low number of 
dogs for which free catch was used (3/10) and the 
fact that 1 of 3 of the SDS-AGE profiles for the urine 

samples collected from these dogs did not have any 
modifications. Finally, we cannot exclude a pos-
sible alteration in urine composition attributable to 
denaturing of the plastic tubes and that some of 
the observed modifications might have been pre-
vented by the use of different tubes, although this 
hypothesis appeared to be unlikely on the basis of 
results for another studyr recently performed by 
our research group. Identification of the proteins 
migrating at > 150 kDa might have provided a bet-
ter understanding of the mechanism for alteration 
of urine SDS-AGE patterns for specimens stored at 
–20°C.

Only 1 SDS-AGE profile had a visible modifica-
tion, with the appearance of a new high-molecular-
weight band after storage at –80°C for 360 days. This 
observation might have been secondary to a handling 
error (ie, aliquot previously stored at –20°C errone-
ously stored at –80°C). Another explanation might 
have been that the phenomenon accounting for the 
appearance of new bands for specimens stored at 
–20°C was not totally inhibited at –80°C and also 
could have caused effects after a long period of stor-
age (ie > 180 days).

On the basis of results of the present study, 
storage of urine specimens at –20°C is not recom-
mended because it can lead to misinterpretation of 
SDS-AGE profiles. Additionally, because gel stain-
ing faded over time and some bands disappeared, 
analyses of the SDS-AGE urinary profile should be 
performed immediately or the gel should be dried 
and color photocopied to facilitate subsequent vi-
sual analysis.

In the present study, the influence of storage 
conditions (time and temperature) that mimic con-
ditions commonly occurring in routine practice (eg, 
shipping specimens to external laboratories for anal-
ysis or analysis of refrigerated specimens collected 
several days previously) or in retrospective studies 
(eg, analysis of frozen specimens stored for several 
months after collection) was assessed. On the basis 
of results of the study reported here, storage of urine 
specimens at –20°C should be avoided. Determina-
tion of UPC and urine SDS-AGE should be performed 
within a few days after collection with urine speci-
mens stored at a stable room temperature or at 4°C, 
whereas the recommended temperature for longer 
periods of storage is –80°C.

Acknowledgments
Presented in part at the 15th Annual Congress of the European 

College of Veterinary Clinical Pathology, Berlin, November 2013.
None of the authors had a financial or personal relationship 

with other people or organizations that could have inappropri-
ately influenced or biased the content of the manuscript.

Footnotes
a. Brown JS, Nabity MB, Brock R, et al. Comparison of urine 

SDS-PAGE with renal histological findings and clinicopatho-
logic data in dogs with renal disease (abstr). Vet Clin Pathol 
2010;39:556.

b. Neolus, Terumo Europe N.V., Leuven, Belgium.



998 AJVR • Vol 78 • No. 8 • August 2017

c. Injekt, B. Braun, Melsungen, Germany.
d. PS-Tube, Greiner Bio-One, Courtaboeuf, France.
e. EBA 3S centrifuge, Andreas Hettich GmbH and Co, Tut-

tlinger, Germany.
f. Safe Lock, Eppendorf, Le Pecq, France.
g.  Aution Stick PA, Scil Animal Care Co, Alfort, France.
h.  Pocketchem Analyzer UA, Scil Animal Care Co, Alfort, 

France.
i. Atago Co Ltd, Tokyo, Japan.
j. Créatinine Monoréactif liquide stable PAE, Kitvia, Labarthe 

Inard, France.
k. Elitech Microprotein, Seppim, Sées, France.
l. Kbio2, Kitvia, Labarthe Inard, France.
m. Liquicheck urine chemistry control, level 1, Bio-Rad, Marnes-

la-Coquette, France.
n. Liquicheck urine chemistry control, level 2, Bio-Rad, Marnes-

la-Coquette, France.
o. Hydrasys, Sebia Italia SRL, City, Italy.
p. Molecular mass control, Sebia Italia SRL, City, Italy.
q. Systat, version 13, SPSS Inc, Chicago, Ill.
r. Quignon L. Etude prospective secondaire visant à préciser 

l’influence de la température de conservation des urines 
sur le profil électrophorétique des protéines urinaires sur 
gel d’agarose chez le chien protéinurique. Thèse d’Exercice 
Vétérinaire. Institut National Polytechnique–Ecole Nationale 
Veterinaire de Toulouse, 2015.

References 
1. Jones BR, Gething MA, Badcoe LM, et al. Familial pro-

gressive nephropathy in young Bull Terrier. N Z Vet J 
1989;37:79–82.

2. Lees GE, Helman RG, Homco LD, et al. Early diagnosis of fa-
milial nephropathy in English Cocker Spaniels. J Am Anim 
Hosp Assoc 1998;34:189–195.

3. Lees GE, Helman RG, Kashtan CE, et al. New form of X-
linked dominant hereditary nephritis in dogs. Am J Vet Res 
1999;60:373–383.

4. Lees GE, Brown SA, Elliott J, et al. American College of 
Veterinary Internal Medicine. Assessment and manage-
ment of proteinuria in dogs and cats: 2004 ACVIM Forum 
Consensus Statement (small animal). J Vet Intern Med 
2005;19:377–385.

5. Jacob F, Polzin DJ, Osborne CA, et al. Evaluation of the as-
sociation between initial proteinuria and morbidity rate or 
death in dogs with naturally occurring chronic renal failure. 
J Am Vet Med Assoc 2005;226:393–400.

6. International Renal Interest Society. Staging CKD. Available 
at: www.iris_kidney.com/pdf/IRIS2009_Staging_CKD.pdf. 
Accessed Jan 25,2013.

7. Eknoyan G, Hostetter T, Bakris GL, et al. Proteinuria and oth-
er markers of chronic kidney disease: a position statement of 
the national kidney foundation (NKF) and the national insti-
tute of diabetes and digestive and kidney diseases (NIDDK). 
Am J Kidney Dis 2003;42:617–622.

8. DiBartola SP, Spaulding GL, Chew DJ, et al. Urinary protein 
excretion and immunopathologic findings in dogs with glo-
merular disease. J Am Vet Med Assoc 1980;177:73–77.

9. Center SA, Wilkinson E, Smith CA, et al. 24-hour urine pro-
tein/creatinine ratio in dogs with protein-losing nephropa-
thies. J Am Vet Med Assoc 1985;187:820–824.

10. Moore FM, Brum SL, Brown L. Urine protein determination 
in dogs and cats: comparison of dipstick and sulfasalicylic 
acid procedures. Vet Clin Pathol 1991;20:95–97.

11. Rossi G, Giori L, Campagnola S, et al. Evaluation of factors 
that affect analytic variability of urine protein-to-creatinine 
ratio determination in dogs. Am J Vet Res 2012;73:779–788.

12. Jung K. Urinary enzymes and low molecular weight pro-
teins as markers of tubular dysfunction. Kidney Int Suppl 
1994;47:S29–S33.

13. Ikonomov V, Melzer H, Nenov V, et al. Importance of sodium 
dodecyl sulfate pore-graduated polyacrylamide gel electro-
phoresis in the differential diagnostic of Balkan nephropa-
thy. Artif Organs 1999;23:75–80.

14. Morioka T, Sugano H, Matsui K, et al. The electrophoretic 
pattern of urinary protein in in situ immune complex glo-
merulonephritis. Nephron 1988;50:116–120.

15. IRIS Canine GN Study Group Diagnosis Subgroup, Littman 
MP, Daminet S, et al. Consensus recommendations for the 
diagnostic investigation of dogs with suspected glomerular 
disease. J Vet Intern Med 2013;27(suppl 1):S19–S26.

16. Lees GE, Cianciolo RE, Clubb FJ Jr. Renal biopsy and patho-
logic evaluation of glomerular disease. Top Companion 
Anim Med 2011;26:143–153.

17. Smets PM, Meyer E, Maddens BE, et al. Urinary markers in 
healthy young and aged dogs and dogs with chronic kidney 
disease. J Vet Intern Med 2010;24:65–72.

18. Maddens B, Daminet S, Smets P, et al. Escherichia coli pyo-
metra induces transient glomerular and tubular dysfunction 
in dogs. J Vet Intern Med 2010;24:1263–1270.

19. Nabity MB, Lees GE, Cianciolo R, et al. Urinary biomarkers of 
renal disease in dogs with X-linked hereditary nephropathy. 
J Vet Intern Med 2012;26:282–293.

20.  Lavoué R, Trumel C, Smets PM, et al. Characterization of pro-
teinuria in Dogue de Bordeaux dogs, a breed predisposed 
to a familial glomerulonephropathy: a retrospective study. 
PLoS One 2015;10:1–16.

21. Schultze AE, Jensen RK. Sodium dodecyl sulfate polyacryl-
amide gel electrophoresis of canine urinary proteins for the 
analysis and differentiation of tubular and glomerular diseas-
es. Vet Clin Pathol 1998;18:93–97.

22. Yalcin A, Cetin M. Electrophoretic separation of urine pro-
teins of healthy dogs and dogs with nephropathy and detec-
tion of some urine proteins of dogs using immunoblotting. 
Revue Méd Vét 2004;155:104–112.

23. Zaragoza C, Barrera R, Centeno F, et al. Canine pyometra: a 
study of the urinary proteins by SDS-PAGE and western blot. 
Theriogenology 2004;61:1259–1272.

24. Zini E, Bonfanti U, Zatelli A. Diagnostic relevance of qualita-
tive proteinuria evaluated by use of sodium dodecyl sulfate-
agarose gel electrophoresis and comparison with renal histo-
logic findings in dogs. Am J Vet Res 2004;65:964–971.

25. Giori L, Tricomi FM, Zatelli A, et al. High-resolution gel elec-
trophoresis and sodium dodecyl sulphate-agarose gel electro-
phoresis on urine samples for qualitative analysis of protein-
uria in dogs. J Vet Diagn Invest 2011;23:682–690.

26. Schellenberg S, Mettler M, Gentilini F, et al. The effects of hy-
drocortisone on systemic arterial blood pressure and urinary 
protein excretion in dogs. J Vet Intern Med 2008;22:273–281.

27. Kania K, Byrnes EA, Beilby JP, et al. Urinary proteases de-
grade albumin: implications for measurement of albuminuria 
in stored samples. Ann Clin Biochem 2010;47:151–157.

28. Lee RS, Monigatti F, Briscoe AC, et al. Optimizing sample han-
dling for urinary proteomics. J Proteome Res 2008;7:4022–
4030.

29. Vaden SL, Pressler BM, Lappin MR, et al. Effects of urinary 
tract inflammation and sample blood contamination on urine 
albumin and total protein concentrations in canine urine 
samples. Vet Clin Pathol 2004;33:14–19.

30. Beatrice L, Nizi F, Callegari D, et al. Comparison of urine 
protein-to-creatinine ratio in urine samples collected by 
cystocentesis versus free catch in dogs. J Am Vet Med Assoc 
2010;236:1221–1224.

31. Clinical and Laboratory Standards Institute. Urinalysis and 
collection, transportation, and preservation of urine speci-
mens; approved guideline. 3rd ed. CLSI Document GP16–
A3. Wayne, Pa: Clinical and Laboratory Standards Institute, 
2009.

32. Harr KE, Flatland B, Nabity M, et al. ASVCP guidelines: allow-
able total error guidelines for biochemistry. Vet Clin Pathol 
2013;42:424–436.

33. Murgier P, Jakins A, Bexfield N, et al. Comparison of semi-
quantitative test strips, urine protein electrophoresis, and 
an immunoturbidimetric assay for measuring microalbumin-
uria in dogs. Vet Clin Pathol 2009;38:485–492.

34. Rossi G, Bertazzolo W, Dondi F, et al. The effect of inter-lab-
oratory variability on the protein:creatinine (UPC) ratio in 
canine urine. Vet J 2015;204:66–72.



 AJVR • Vol 78 • No. 8 • August 2017 999

35. Ricós C, Alvarez V, Cava F, et al. Current databases on bio-
logic variation: pros, cons and progress. Scand J Clin Lab 
Invest 1999;59:491–500.

36. Nabity MB, Boggess MM, Kashtan CE, et al. Day-to-day varia-
tion of the urine protein: creatinine ratio in female dogs with 
stable glomerular proteinuria caused by X-linked hereditary 
nephropathy. J Vet Intern Med 2007;21:425–430.

37. LeVine DN, Zhang D, Harris T, et al. The use of pooled vs se-

rial urine samples to measure urine protein:creatinine ratios. 
Vet Clin Pathol 2010;39:53–56.

38. Schaefer H, Kohn B, Schweigert FJ, et al. Quantitative and quali-
tative urine protein excretion in dogs with severe inflammatory 
response syndrome. J Vet Intern Med 2011;25:1292–1297.

39. Wan SY, Hartmann FA, Jooss MK, et al. Prevalence and clini-
cal outcome of subclinical bacteriuria in female dogs. J Am 
Vet Med Assoc 2014;245:106–112.


