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Abstract

Background: Urine is routinely evaluated in dogs to assess health. Reference ranges
for many urine properties are well established, but the scope of variation in these
properties over time within healthy dogs is not well characterized.

Objectives: Longitudinally characterize urine properties in healthy dogs over
3 months.

Animals: Fourteen healthy client-owned dogs.

Methods: In this prospective study, dogs were evaluated for health; then, mid-stream
free-catch urine was collected from each dog at 12 timepoints over 3 months. Urine
pH, urine specific gravity (USG), protein, cultures, and antimicrobial resistance pro-
files were assessed at each timepoint.

Results: Urine pH varied within and between dogs over time (Friedman's test: within
P = .03; between P < .005). However, USG, protein, and bacterial diversity of urine
were consistent within dogs over time, and only varied between dogs (Kruskal-Wallis:
between all P <.005). Antimicrobial resistant isolates were identified in 12 out of
14 dogs with 34 of 48 of the isolates demonstrating resistance to amoxicillin.
Conclusions and Clinical Importance: Urine pH should be assessed at multiple time-
points via pH meter before making clinical decisions. Mid-stream free-catch urine with
high concentrations of bacteria (>10°> CFU/mL) should not be considered the only indica-
tor of urinary tract infection. Bacterial isolates from dogs in this study had widespread

resistance to amoxicillin/oxacillin underscoring the need for antimicrobial stewardship.
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1 | INTRODUCTION

Abbreviations: CBC, complete blood count; CFU, colony-forming unit; IACUC, Institutional

Animal Care and Use Committee; LDS, lithium dodecyl sulfate; MALDI-TOF, matrix-assisted
laser desorption ionization-time of flight mass spectrometry; MES, 2-(N-morpholino)

Urine provides many insights into host health and is routinely included
in clinical evaluations of dogs. Routinely evaluated urine properties

ethanesulfonic acid; MHA, Muller Hinton Agar; TP, timepoint; USG, urine specific gravity;

UTI, urinary tract infection.

Andrew McGlynn and Ryan Mrofchak contributed equally as first authors.

include color, pH, urine specific gravity (USG), protein content, and

the presence of chemical compounds such as ketones, bilirubin, and
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glucose.r™ Urine can also be cultured and urine sediments evaluated
for red and white blood cells, epithelial cells, and bacteria. Urinalysis
aids in screening asymptomatic animals, and provides critical informa-
tion for diagnostic evaluations of kidney damage, metabolic diseases
(eg, diabetes), infection, stone formation, or other health condi-
tions.>®> Whereas reference intervals for most of these urine proper-
ties are well established, the scope and degree of variation within a
healthy dog over time are less well defined.

Urine pH is linked to urinary tract infection (UTI) risk and stone for-
mation risk in dogs and is monitored to assess response to diets
designed to prevent stone formation.®® USG tracks concentrating ability
of the kidneys and can serve as an indicator of diseases such as kidney
disease and diabetes.®? The presence and type proteins in urine can
also help identify kidney disease, urinary tract inflammation, and distin-
guish tubular from glomerular damage. %! However, these same urine
properties—pH, USG, and urine protein profiles—are also affected by
many factors other than disease, including diet, medications, and hydra-
tion status.®1213 Characterizing the range of variation in urine proper-
ties within a dog over time informs the clinical application and
interpretation of these values.

Urine variability can also alter the niches available to commensal
bacteria.X* Urinary tract commensals are thought to play a role in host
health through immune stimulation, colonization resistance, and patho-
gen clearance.”®?” However, few studies have examined the urinary
microbiota of dogs via sequencing or culture, and even fewer have eval-
uated change over time.2>182024 Multiple studies report that dogs and
humans share microbes, including urinary tract pathogens.?>% Thus,
assessing the urinary microbiota of healthy dogs and the associated
resistance profiles over time is valuable both for evaluating dog health
and for assessing implications for human health.

In this study, we evaluated urine pH, USG, urine protein profiles,
and urine culture in 14 healthy dogs over 12 timepoints ranging from
a few hours to a few months apart. We also compared pH as mea-
sured by dipstick to pH measured via pH meter. Finally, we phenotyp-
ically assessed antimicrobial resistance of isolates cultured from the
urine of these healthy dogs against amoxicillin, ciprofloxacin, oxacillin,
and nalidixic acid.

2 | MATERIALS AND METHODS

2.1 | Recruiting and enrollment

All dogs were recruited through the Ohio State University Veterinary
Medical Center (IACUC: 2020A00000050). Each dog underwent a
physical exam, serum chemistry, complete blood count (CBC), urinaly-
sis, and urine culture prior to enrollment to assess health (Figure 1).
All dogs were required to be between 1 and 10 years of age, have a
body weight of at least 20 Ibs (9 kg), be able to produce 210 mL of
urine in a single urination, have a body condition score of 4 or 5, and
be spayed or neutered.3* Dogs were excluded if they had any history
or signs of urinary tract disease, liver or kidney disease, skin infection,

gastrointestinal disease, or urogenital abnormalities. Other exclusion

criteria included antibiotic use, chemotherapy, or radiation within

3 months of enroliment.

2.2 | Sample collection

Mid-stream free-catch urine samples were collected from 14 dogs
(7 males, 7 females) over 12 timepoints between September 2020 and
September 2021 (Table S1). The 12 timepoints included: Day 1 Morning
(TP1), Day 1 Afternoon (TP2), Day 2 Morning (TP3), Day 2 Afternoon
(TP4), Day 3 Morning (TP5), Day 3 Afternoon (TPé), End of Week
1 (TP7), End of Week 2 (TP8), End of Week 3 (TP9), End of Week
4 (TP10), End of Month 2 (TP11), and End of Month 3 (TP12). First-
morning urine was collected for all timepoints except the 3 timepoints
that were specifically aimed at collecting “afternoon” urine on Days 1, 2,
and 3 (TP2, TP4, TPé). All urine samples were immediately placed on ice
following collection and transported to the lab for aliquoting and proces-
sing within 6 hours of urination. Urine aliquots designated for pH and
USG analysis were brought to room temperature before assessment.

2.3 | pH (meter vs dipstick)

Urine pH was assessed via pH meter (SevenEasy S20, Mettler Toledo,
Columbus, Ohio) and dipstick (Chemstrip 9, Roche Diagnostics,
Rotkreuz, Switzerland). The pH meter was calibrated before measure-
ment using calibration buffer solutions with pH values of 4.00, 7.00,
and 10.00. Following calibration, the pH meter probe was submerged
in a urine sample until a stable pH reading could be obtained. To mea-
sure urine pH via dipstick, 1 drop (~50 uL) of urine was placed on the
dipstick square that evaluates pH. After 1 minute at room tempera-
ture, (per manufacturer instructions) the color of the square was

matched to a manufacturer guide to assign a pH value to the sample.

2.4 | Urine specific gravity

USG was assessed using a refractometer (Reichert VeT 360, Depew,
New York). The refractometer was calibrated before usage by placing
1 to 2 drops (~50-100 pL) of deionized, ultrapure water on the refrac-
tometer and adjusting to a specific gravity of 1.000 as necessary. Fol-
lowing calibration, 1 to 2 drops (~50-100 uL) of urine were placed on

the refractometer and USG was recorded.

2.5 | Urine protein profiles

Urine protein was measured by dipstick (Chemstrip 9, Roche Diagnos-
tics, Rotkreuz, Switzerland), and urine protein profiles were generated
via gel as described previously in Hokamp et al. with a few modifica-
tions!®: The gel apparatus used in this study was a Mini Gel Tank
(Thermo Fisher Scientific, Waltham, Massachusetts), which was loaded
with precast 4% to 12% Bis-Tris gels (Bolt, Thermo Fisher Scientific,
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Urine collected at 12
time points (TP)

TP1- Day 1 Morning
TP2 - Day 1 Afternoon
TP3 - Day 2 Morning
TP4 — Day 2 Afternoon
TP5 - Day 3 Morning
TP6 — Day 3 Afternoon

14 Healthy
adult dogs
* Physical exam

TP7 — Week 1

* C_BC /Serum  1pg_ Week 2

biochem TP9— Week 3
* Urinalysis and  TP10- Week 4
culture TP11 - Month 2

TP12 — Month 3

FIGURE 1 Experimental design.

Waltham, Massachusetts) and 2-(N-morpholino)ethanesulfonic acid
(MES) running buffer solution (Bolt, Thermo Fisher Scientific, Waltham,
Massachusetts). A standard ladder (Mark12, 2.5-200 kDa, Thermo
Fisher Scientific, Waltham, Massachusetts) was run in lanes 1 and 12 of
each gel. Each urine sample was run in 2 lanes. The first lane contained
the USG-normalized urine samples, and in the second lane, referred to
as the “MAX loaded” lane, urine was undiluted (not normalized based
on USG). Electrophoresis was performed at 200 V for 30 to 32 minutes.
Gels were subsequently stained, destained, and imaged on an Amersham
Typhoon (GE Healthcare, Chicago, lllinois). Images of each gel were then
analyzed based on densitometric curves (GelComparll 6.6, Applied
Maths NV, Sint-Martens-Latem, Belgium) generated from protein bands
in USG-normalized lanes. MAX-loaded lanes were used for confirmation
of band location.

2.6 | Urine culture

Fifty microliters of each urine sample were vortexed and then aliquoted
into a sterile 2.0 mL microcentrifuge tube. Samples were then vortexed
briefly and centrifuged for 1 min. Ten microliters of each urine sample
was then plated onto blood agar and MacConkey agar. All plates were
then incubated aerobically at 37°C and checked for growth at 24 and
48 hours. Total viable colonies were counted, and all colonies with
unique morphologies were picked and individually stored in a 75% glyc-
erol solution at —80°C. Stored samples were later replated onto blood
agar for 24 hours and then subjected to matrix-assisted laser desorption
ionization-time of flight mass spectrometry (MALDI-TOF; Bruker
Corporation, Billerica, Massachusetts) for bacterial identification. Culture
plates with mixed bacterial species were subsequently replated to
establish pure cultures, before MALDI-TOF identification.

American College of
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2.7 | Antimicrobial resistance profiles

A subset of isolates cultured across all dogs and timepoints were selected
and grown on blood agar plates and incubated for 18 to 24 hours at
37°C. Colonies from each isolate were then picked and inoculated into
3 mL of double distilled water and normalized to a 0.5 McFarland stan-
dard at 625 nm with a turbidity range of 0.08 to 0.1. The normalized bac-
terial solution was then streaked on Muller Hinton Agar (MHA)
supplemented with antimicrobials at breakpoint concentrations reported
in dogs or specific to the urinary tract of dogs. Gram-negative isolates
were cultured on 3 different MHA plates: 1 containing nalidixic acid
(82 pg/mL), 1 containing ciprofloxacin (4 pug/mL), and 1 containing amoxi-
cillin (8 pg/mL).3>%8 Gram-positive isolates were cultured on 2 different
MHA plates: 1 containing oxacillin (0.5 pg/mL), and 1 containing amoxicil-
lin (8 ug/mL).2? All plates were incubated for 18 to 24 hours at 37°C then
checked for bacterial growth. Amoxicillin, a beta-lactam, was selected
because it is a first-line antimicrobial for lower UTIs.*° Oxacillin was
selected to evaluate resistance against a second beta-lactam antibiotic.
Ciprofloxacin, a fluoroquinolone, was selected because fluoroquinolones
are the recommended alternatives to beta-lactams for UTls in the case of
beta-lactam resistance.*® Nalidixic acid, a first-generation quinolone, was

selected to parse potential quinolone versus fluoroquinolone resistance.

2.8 | Statistical analyses

All analyses were performed in R Studio version 4.1.0 and statistical sig-
nificance was assessed at a P-value of .05. Data on urine pH, specific
gravity, and protein profiles were tested for normality using a Shapiro-
Wilks Test. To test for differences by dog and time, we employed
Kruskal-Wallis, Pairwise Wilcoxon Rank Sum, and Friedman's test. To test

85U8017 SUOWILLOD 3ATE81D 3|cedl|dde ayy Aq pausenob ae s9oile O ‘8sh Jo Ss|nl 10} ARIq1T 8UIUO 43| UO (SUOTIPUOO-PUE-SWLBYW0D A8 Im A e1q 1 pU1|UO//SdNY) SUORIPUOD pUe SWie | 8U188S *[£202/60/TT] U Akiqiauljuo A8]IMm ‘ IS 01YO AISIBAIUN 8IRIS OO - BeH BSSSUR A AQ 0989T WIAITTTT 0T/I0p/W00 A8 | 1M Azelq1jpuljuo//:Sciy Wwolj pepeojumoq ‘0 ‘9/9T6E6T



MCcGLYNN ET AL

4 | Journal of Veterinary Internal Medicine AC\?” M

A
Ve

olley
rnal Medicine

for differences by sex in normally distributed data, we employed linear
mixed models (LMM) (R package: Ime4). For non-normally distributed
data, we used a penalized quasilikelihood (PQL) model which is a general-
ized linear mixed model (GLMM; R package: MASS, function: glmmPQL)
Sex was included as a fixed effect and dog as a random effect.

3 | RESULTS

3.1 | Study subjects

We collected mid-stream free-catch urine from 14 adult dogs includ-
ing 7 neutered males and 7 spayed females (Table S1). There was no
significant difference in age between males and females (Males:

median = 4, range 1-7; females: 4.92, range 1-8; P = .5).

3.2 | pH within and between dogs over time
Urine pH was highly variable both within and between dogs. The
median pH across all dogs and all timepoints as measured by pH meter

was 6.44 (range: 5.32-8.93), and as measured by dipstick was 6 (range:
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5.0-9.0). The largest pH ranges recorded in single dogs over time
(12-time points) were 5.45 to 8.31 by pH meter in dog HF and 5 to 9 by
dipstick in 3 dogs—ArB, FC, HF. The smallest pH ranges recorded in sin-
gle dogs over time were 5.56 to 6.98 by pH meter in dog AbB, and by
dipstick, 5 to 7 in 3 dogs (AbB, IR, LM), and 7 to 9 in 1 dog (GC). pH
values from both meter and dipstick were not normally distributed
(Shapiro-Wilk Normality Test, P < .001) and varied significantly between
dogs (pH meter: Kruskal-Wallis, P <.001; dipstick: Kruskal-Wallis,
P < .001, Figure 2A,B) and over time within dogs (pH meter: Friedman's,
P = .03; dipstick: Friedman's, P = .01, Figure 2A,B). Dog GC had a signif-
icantly higher pH as measured by meter and dipstick than almost all
other dogs (all Wilcoxon pairwise, P < .05; Tables S2 and S3). There was
no significant difference in pH between males and females (meter:
median female pH = 6.26, range 5.32-8.31, median male pH = 6.49,
range 5.34-8.93, GLMM P = .32, dipstick: median female pH = 6, range
5-9, median male pH = 6, range 5-9, GLMM: P = 42).

3.3 | pH meter vs dipstick

Overall, urine pH measured via meter differed significantly from pH

measured via dipstick (Kruskal-Wallis, P = .04). The median difference
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FIGURE 2 Urine pH of dogs over 12 timepoints. Urine pH as measured by pH meter in (A) female dogs (n = 7) and (B) male dogs (n = 7).
Urine pH was measured by dipstick in (C) female dogs (n = 7) and (D) male dogs (n = 7). TP = Timepoint. TP1 = Day 1 Morning, TP2 = Day

1 Afternoon, TP3 = Day 2 Morning, TP4 = Day 2 Afternoon, TP5 = Day 3 Morning, TP6 = Day 3 Afternoon, TP7 = End of Week 1, TP8 = End
of Week 2, TP9 = End of Week 3, TP10 = End of Week 4, TP11 = End of Month 2, TP12 = End of Month 3.
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FIGURE 3 Comparison of urine pH as measured by pH meter vs
dipstick. (A) Bland-Altman plot showing calculated differences in pH
(pH meter pH — dipstick pH) of 14 dogs over 12 timepoints. Bold
black lines represent the mean difference (0.187) and 95% Cl interval.
Dashed red lines represent the clinically significant threshold for
differences between methods (0.25 and —0.25). (B) Box-
and-Whiskers plot showing absolute differences in pH by group: pH
<5.5, pH 5.5-6.49, pH 6.50-7.49, and pH 27.5. Dashed red line
indicates the clinically relevant threshold for differences between
methods (0.25).

(pH meter — dipstick pH = difference) across all samples was 0.2
(Figure 3) whereas the median absolute difference (absolute value of
the difference) across all samples was 0.39 (mean absolute
difference = 0.419). Outside of a neutral pH range (6.5-7.5), dipsticks
were less accurate than the pH meter, and at a basic pH (pH > 7.5), dip-
sticks consistently overestimated pH. When pH was acidic (pH < 6.5),
dipsticks consistently underestimated pH. To determine if specific pH
ranges resulted in greater differences between pH meter and dipstick
readings, we grouped samples into 4 categories based on pH meter: pH
<55 (n=10 samples), pH 5.5-6.49 (n = 81 samples), pH 6.50-7.49
(n =47 samples), and pH > 7.5 (n = 27 samples). We then compared
the absolute value of differences between pH measurement methods
across these 4 groups. The lowest difference (most similarity) between
pH meter and dipstick values was in the neutral range group
(pH 6.50-7.49; median difference = 0.31, range 0.01-0.82). At pH
values below 6.5 and above 7.5, the absolute differences between
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FIGURE 4 Urine specific gravity (USG) of dogs over time. USG of
(A) female dogs (n = 7) and (B) male dogs (n = 7) over 12 timepoints.
(C) USG values compared between first-morning urine and afternoon
urine. TP = timepoint. TP1 = Day 1 Morning, TP2 = Day

1 Afternoon, TP3 = Day 2 Morning, TP4 = Day 2 Afternoon,

TP5 = Day 3 Morning, TP6 = Day 3 Afternoon, TP7 = End of Week
1, TP8 = End of Week 2, TP9 = End of Week 3, TP10 = End of
Week 4, TP11 = End of Month 2, TP12 = End of Month 3.

methods were greater (Figure 3B); although, average differences did
not differ significantly between groups (Kruskal-Wallis, P = .32).

34 | USG differences between morning and
afternoon

Healthy dogs generally exhibited limited variation in USG over time.
The median USG across all dogs and all timepoints was 1.043 (range:
1.010-1.060). USG values were not normally distributed (Shapiro-Wilk
Normality Test, P <.001) and varied significantly between dogs
(Kruskal-Wallis, P < .001, Figure 4A,B), but not within dogs over time
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(Friedman's, P = .38, Figure 4A,B). The median difference between
minimum and maximum USG within dogs was 0.0165 (range:
0.009-0.038). Males generally exhibited higher USG although this dif-
ference was not significant (median female USG = 1.036, range
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1.016-1.059; median male USG = 1.044, range 1.01-1.06, LMM
P = 0.38). In pairwise comparisons, dogs LM, 10, and MS (all females)
had significantly lower USGs than most other dogs (Wilcoxon pair-
wise, most P < .05, Table S4). To evaluate if USG values varied signifi-
cantly between first-morning and afternoon urine, we analyzed a
subset of samples from timepoints 1 to 6 for all 14 dogs. Morning
USG values were higher (median = 1.042, range = 1.026-1.057) than
afternoon USG values (median = 1.039, range = 1.01-1.06); although,
this difference was not statistically significant (Friedman's, P = .17,
Figure 4C), likely because of a relatively small sample size. These
results suggest that within-day variation in USG was not as strong as
the variation observed between different dogs.

3.5 | Urine protein profiles

Urine proteins were assessed via dipstick and 4% to 12% Bis-Tris
gels. Dipstick values were semi-quantitative and included urine pro-
tein levels identified as negative, negative-trace, trace (<30 mg/dL),
or positive (30 mg/dL). Average dipstick urine protein levels did not
differ significantly by sex (t-test, P = .85, Table S4). For gels, total
band number and relative surface area of protein bands were quan-
tified. Total band number estimates protein richness or the number
of different types of proteins present while relative surface areais a
proxy for protein concentration.’®*? Total band number ranged
from O to 6 across all samples, and differed significantly between
dogs (Kruskal-Wallis, test, P <.001) and by sex (Kruskal-Wallis,
P = .06) but not within dogs over time (Friedman test, P =.19;
Figure 5A,B; Table S6). The 2 most commonly detected protein
bands displayed apparent molecular weights consistent with albumin
(54.86-58.95 kDa) and Tamm-Horsfall protein (82.74-86.34 kDa).1%41
A few protein bands with apparent molecular weights between 9.10
and 47.31 kDa were also observed occasionally. The nature of these
proteins is currently unknown, and they occurred infrequently and at
low concentrations compared to albumin and Tamm-Horsfall. The rel-
ative surface area of protein bands consistent with albumin and
Tamm-Horsfall differed significantly between dogs (Kruskal-Wallis
test: albumin P < .001; Tamm-Horsfall P < .001); Tables S7 and S8),
but did not differ significantly within dogs over time (Friedman's:

albumin P =.35; Tamm-Horsfall P =.61). Average albumin and

FIGURE 5 Urine protein profiles. (A) An example gel from dog
KH. Lanes are numbered and ladders are included in lanes 1 and 12.
Lanes 2 and 3 contain urine samples from TPé, Lanes 4 and 5 are
samples from TP7, Lanes 6 and 7 are samples from TP8, Lanes 8 and
9 are samples from TP9, and Lanes 10 and 11 are samples from TP10.
Lanes 2, 4, 6, 8, and 10 contain USG-normalized urine while lanes
3,5,7,9,and 11 are “MAX Loaded” loaded lanes that contain urine
not normalized by USG. Red arrow denotes protein bands ~58.95 to
54.86 kDa, which is consistent with albumin. Blue arrow denotes
bands around ~86.34 to 82.74 kDa, which is consistent with
Tamm-Horsfall protein. (B) Total band number, (C) Albumin
concentration, and (D) Tamm-Horsfall concentration by sex (n = 7
females, 7 males).
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FIGURE 6 Urine bacterial culture results. (A) Bacterial species cultured by dog (n = 14) and over time. (B) Bacterial taxa richness by sex. X
indicates that an organism was cultured but not able to be identified by MALDI-TOF. *Per MALDI: Citrobacter species are challenging to speciate
and these taxonomic assignments are probable but not definite. TP = timepoint. TP1 = Day 1 Morning, TP2 = Day 1 Afternoon, TP3 = Day

2 Morning, TP4 = Day 2 Afternoon, TP5 = Day 3 Morning, TP6 = Day 3 Afternoon, TP7 = End of Week 1, TP8 = End of Week 2, TP9 = End of
Week 3, TP10 = End of Week 4, TP11 = End of Month 2, TP12 = End of Month 3.

Tamm-Horsfall concentrations did not differ significantly by sex (albu-
min: median female = 31.6, range = 0.25-93.5; median male = 7.06,
range = 0.6-73.7; GLMM P = 0.83; Tamm-Horsfall: median female =
59.8, range 4.7-00.7; median male = 84.6, range 26.8-99.4; LMM
P = .44; Figure 5C,D). There was no significant correlation found
between pH and total protein band number, albumin concentration,
or Tamm-Horsfall concentration (total protein band number:
R =.057, P=.36; albumin: R =.067, P=.22; Tamm-Horsfall:
R = —.0099, P = .86; Figure S1).

3.6 | Urine cultures

Bacteria were cultured in 50% (85/168) of the urine samples collected
over 12 timepoints in 14 dogs. The most commonly cultured bacteria
were Streptococcus canis and Staphylococcus  pseudintermedius
(Figure 6A). Three out of 14 healthy dogs (IR, KS, HF) exhibited urine
cultures with >10° CFU/mL, and 2 of these dogs (IR, HF) cultured
>10° CFU/mL at more than 1 timepoint. In all but 1 case, these cultures

were exclusively composed of S. canis or S. pseudintermedius. In dog HF,
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1 time point (TP11) included a mixed culture of S. pseudintermedius, E.
coli, and Bacillus marisflavi. There was no significant difference in the
number of colonies observed at 24 or 48 hours on blood agar or Mac-
Conkey agar (Kruskal-Wallis: blood agar P =.5; MacConkey P = .77,
Table S9). The presence or absence of aerobic culturable bacteria did
not differ by sex (Fisher exact test, P = 1). Furthermore, the number of
total bacterial taxa (richness) cultured aerobically in each dog did not dif-
fer significantly by sex (t-test, P=.53, Figure 6B) or timepoint
(Friedman test, P = .32), but did differ significantly by dog (Friedman
test, P <.001). Specifically, dog OB's cultures exhibited significantly
greater bacterial diversity than most other dogs in this study, and Citro-
bacter spp. were consistently cultured at 11/12 (91.7%) timepoints in
OB. The 8 most common taxa cultured at multiple timepoints and in
multiple dogs were Streptococcus canis, Staphylococcus pseudintermedius,
Curtobacterium flaccumfaciens, Pantoea agglomerans, Haemophilus hae-
moglobinophilus, Escherichia coli, Lysinibacillus fusiformes, and Staphylo-
coccus intermedius (Table S10). However, most taxa were cultured
intermittently at fewer than 5 timepoints, and not found as consistently
as Staphylococcus or Streptococcus spp., except for Citrobacter spp. in
dog OB.

3.7 | Antimicrobial resistance profiles

A total of 220 isolates were cultured across all dogs and timepoints. A
subset of these isolates (n = 48) was then selected for antimicrobial
resistance evaluation including every Escherichia coli (n = 4) and Pseu-
domonas aeruginosa (n = 2) isolate based on the association of these
bacterial species with UTls; 1 isolate from all other bacterial species
identified in each dog; and, in some dogs from which we cultured the
same bacterial species repeatedly, we selected the first and last isolate
of that bacterial species cultured per dog.>> Of the 48 selected iso-
lates, 17 were gram-negative and 31 were gram-positive (Table S11).
The 17 gram-negative isolates were cultured from 7 dogs (4 females,
3 males). Urine from OB grew the greatest number of unique gram-
negative taxa (n = 6). All 17 (100%) gram-negative isolates were resis-
tant to amoxicillin (at 8 pug/mL), and 3 of 17 (17.6%) were resistant to
nalidixic acid (at 32 pg/mL). None of the gram-negative taxa were
resistant to ciprofloxacin (at 4 pg/mL). The 31 gram-positive isolates
were cultured from 13 dogs (6 males, 7 females). Seventeen out of
31 (54.8%) of the gram-positive isolates were resistant to amoxicillin
(at 8 pg/mL), whereas 14 out of 31 (45.2%) were resistant to oxacillin
(0.5 pg/mL). Eight gram-positive isolates were resistant to both oxacil-
lin and amoxicillin whereas 15 isolates were resistant to either
oxacillin or amoxicillin but not both. Seven gram-positive isolates were
susceptible to both oxacillin and amoxicillin. In a few cases, the same
taxa from the same dog had differing resistance profiles over time.
For example, in dog AbB, a Staphylocuccus pseudintermedius at time-
point 5 (Day 3 Morning) displayed resistance to amoxicillin, but at
timepoint 12 (End of Month 3), S. pseudintermedius from AbB was not
resistant to amoxicillin. Differing taxa within the same dog at the same
timepoint also displayed differing resistance profiles. For example, in

dog KS at timepoint 8, a Staphylococcus intermedius demonstrated

resistance to both oxacillin and amoxicillin whereas S. auricularis pre-
sent in the same dog at the same timepoint, was only resistant to
amoxicillin. In total, we observed resistance against at least 1 antibiotic
in 40 of 48 (83%) tested isolates, representing 12 of 14 healthy
dogs (86%).

4 | DISCUSSION

In this study, we longitudinally evaluated urine pH, specific gravity,
protein (via dipstick and gel), culture, and antimicrobial resistance pro-
files in 14 healthy dogs over a 3-month period. Urine pH varied signif-
icantly within and between dogs over time. However, USG, urine
protein, and the number of taxa cultured from urine were consistent
within dogs over time, and only varied significantly between dogs.
Only 1 dog consistently cultured bacterial species other than Staphylo-
coccus and Streptococcus spp. suggesting a urinary bacterial signature
unique to this individual dog. The scope of this study was limited to
routine urine culture techniques. However, further research using
Enhanced Quantitative Urinary Culture (EQUC) might provide addi-
tional insights into viable urobiome taxa and the stability of these taxa
within an individual over time.*? Evidence for antimicrobial resistance
was identified in 12 out of 14 healthy dogs with the majority of iso-
lates (34 of 48, 71%) demonstrating resistance to amoxicillin.

Urine pH was highly variable within and between dogs. This was
not unexpected as urine pH is influenced by multiple factors including
diet, disease, age of urine specimen, drug therapies, and bacterial
types present in the urine/bladder.*® Notably, while we specified
“first morning urine” for all samples except Days 1, 2, and 3 afternoon
samples, we did not specify or have owners record whether dogs
were fed before sampling, which might also contribute to the intra-
dog variability we observed in pH. While we did not control for diet in
this study, all dogs were confirmed to be healthy based on physical
exam, blood work, and urinalysis, and owners of dogs reported no
signs of urinary tract disease in the 18 months after enrollment in this
study (Table $12). We also processed all urine samples within 6 hours
of urination, limiting the potential for pH changes because of speci-
men handling. Eight dogs (26 total samples accounting for multiple
timepoints) exhibited a urine pH outside of, and specifically higher
than, the urine pH range (5.0-7.5) for healthy dogs established by
Chew et al.! This indicates that urine from healthy dogs can vary out-
side this range. Urine from 11 dogs also exhibited variation from
acidic to basic—ranging from pH at or below 6 to pH at or above 7.25,
indicating that urine pH was not consistently acidic or consistently
basic in most dogs. In comparing pH meter vs dipstick, pH values dif-
fered significantly, with the meter producing higher values on average
than the dipsticks; although, dipsticks tended to overestimate pH at
basic pH values. Additionally, the average absolute difference
between pH meter and dipstick was 0.419 (range 0.01-1.48), which
exceeds a previously established clinically acceptable difference of
0.25 between pH measurement methods.>** Our results support pre-
vious findings indicating a poor concordance between pH meter and

pH dipstick values.®>***> Because of the dynamic nature of urine pH
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observed in healthy dogs, pH readings at multiple timepoints via
pH meter are recommended before making clinical decisions (includ-
ing differential diagnoses and treatment) involving urine pH
management.

The USG values observed in this study (1.01-1.060) fall within an
established USG reference range (1.010-1.070) for healthy dogs.*
USG values were also relatively consistent within a dog over time,
with a mean difference of 0.021 + 0.009, similar to a previous study
that reported a mean difference of 0.015 + 0.007 within dogs over a
week.*” Although USG can fluctuate based on factors like hydration
status, our results indicate that a single USG measurement from a
healthy dog will generally be representative of that dog's USG.*”
Unlike van Vonderen et al., we did not observe a significant difference
in USG between first morning and afternoon urine; however, average
USG was lower in the afternoon in our study and our sample size
(n = 14 dogs) was small compared to the van Vonderen et al.'s study
(n = 89 dogs) suggesting that temporal differences in USG are small
but consistent.'® As such, first morning urine is still recommended for
USG measurements. USG was higher (although not significantly) in
males as compared to females. Higher USG in males has been
reported in other species but not dogs.*®>! Notably, males in this
study were, on average, but not significantly, younger than females
(mean £ SD: males 3.6+25, median=4; females 4.5+2.1;
median = 4.92). There is a 0.001 unit decline in USG in the urine of
dogs for each increasing year of age; thus, age might be contributing
to the sex difference observed in USG here.*”

Like USG, urine protein profiles differed significantly between
dogs but not within dogs over time. The 2 most commonly detected
protein bands were consistent with Tamm-Horsfall protein and albu-
min. Tamm-Horsfall, a tubular protein involved in immune defense,
and small amounts of albumin (<30 mg/dL), a plasma protein, are con-
sidered normal findings in the urine of dogs.>?->* Differences in pro-
tein profiles between dogs might be driven by age or breed. Increased
protein loss through urine is typically observed as dogs age and renal
filtration function declines through irreversible nephron loss or glo-
merulosclerosis, which is more common in older animals.>> Although
unconfirmed, the number of nephrons per kidney might also vary
between breeds, affecting renal filtration.>> Whereas gel electropho-
resis has been used in previous studies to investigate urine protein
profiles in dogs with diseases including chronic kidney disease, pyo-
metra, and leptospirosis, this is the first study, to the best of our
knowledge that characterizes urine protein profiles in healthy dogs
over time, 10637

Urine culture results were, dominated by skin-associated
microbes (Staphylococcus and Streptococcus spp.), as urine was col-
lected midstream free-catch.>® In general, cystocentesis or catheteri-
zation is recommended for culturing to avoid skin and genital
contaminants. In addition to skin microbes, we also observed several
potential urinary tract pathogens in culture including E. coli and P. aer-
uginosa. However, these taxa, at low abundances, can be part of the
normal urinary tract microbiota in dogs, and the presence of these
taxa in asymptomatic individuals does not warrant treatment. 232457
Notably, 3 dogs cultured high concentrations bacteria (>10° CFU/mL)

at least once. This bacterial concentration in midstream free-catch
urine (10° CFU/mL) has been considered suggestive of UTI, but the
bacteria we observed at these concentrations were generally skin
commensals (S. pseudintermedias, S. canis).60 Additionally, all of these
dogs remained healthy, asymptomatic, and never exhibited pyuria dur-
ing and after the study (Table S11). These results demonstrate the
potential for high-level contamination in free-catch urine from healthy
dogs, as noted previously.®®

In relation to antibiotic resistance profiles, 86% of the dogs
(12 out of 14) and 83% of the isolates demonstrated resistance to
beta-lactams (amoxicillin, oxacillin, or both). Only 3 gram-negative
isolates—all Pseudomonas spp.—displayed resistance to quinolones
(nalidixic acid), and no gram-negative isolates demonstrated resistance
to fluoroquinolones (ciprofloxacin). Pseudomonas species are com-
monly resistant to quinolones and fluoroquinolones.®¥%? The absence
of resistance to fluoroquinolones was considered positive as these
drugs are typically reserved for beta-lactam-resistant infections.>>*°
However, the overwhelming resistance to beta-lactams was concern-
ing considering the source: Healthy dogs that had not received any
antibiotics in at least 3 months, with most not having received antibi-
otics for over a year or more. Other studies have reported similarly
widespread resistance to beta-lactams in bacterial isolates from dogs,
including isolates from healthy dogs.®®*> Amoxicillin is one of the
most commonly used antibiotics in veterinary medicine and is
the most frequently prescribed antibiotic for UTIs in dogs in the
United States.®®®” The common presence of amoxicillin-resistant bac-
teria isolated in the urine of healthy dogs raises several questions: Is
resistance being promoted through prior exposure to a beta-lactam
given frequency of use? Is resistance being acquired or transferred
from the dog's environment (eg, soil, water, diet) or from other hosts
(eg, other pets or humans within a household) as it has already been
established that dogs and humans can share urinary tract microbes
and pathogens??>32 Given that amoxicillin/beta-lactams are also used
to treat a variety of human infections, what are the public health
implications of high resistance burdens in healthy dogs that share our
households?

5 | CONCLUSIONS

This study is a comprehensive examination of urine from healthy dogs
including pH, USG, protein, culture, and resistance profiles. Key take-
aways from this study on healthy dogs include (1) Urine pH varied
widely over time indicating that pH should be assessed at more than
1 timepoint via pH meter before making clinical decisions based on
pH. (2) USG and protein results were relatively stable over time, sug-
gesting that measurement of these properties at a single timepoint
can portray an accurate representation of that dog's true values.
(3) Mid-stream free-catch urine from multiple healthy dogs yielded
high concentrations of bacteria in culture (>10° CFU/mL) confirming
that free-catch urine can be highly contaminated and such concentra-
tions of skin bacteria in asymptomatic dogs should not be considered

an indicator of a UTI. (4) Urine bacterial isolates demonstrated
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widespread resistance to amoxicillin and oxacillin underscoring the

critical need for antimicrobial stewardship in practice.

ACKNOWLEDGMENT

We thank the Ohio State University College of Veterinary Medicine
Canine Funds for the financial support of the project, the Muffin
Sniadowski Student Research Endowment Fund for providing student
financial support to Andrew McGlynn for summer research, the
Undergraduate Research Apprentice Program for providing financial
support to Rushil Madan, the clients and dogs involved in this study,
and Dr. Hannah Klein for the help on physical exams.

CONFLICT OF INTEREST DECLARATION

Authors declare no conflict of interest.

OFF-LABEL ANTIMICROBIAL DECLARATION
Authors declare no off-label use of antimicrobials.

INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE
(IACUC) OR OTHER APPROVAL DECLARATION

Approved by The Ohio State University College of Veterinary Medi-
cine IACUC, #2020A00000050.

HUMAN ETHICS APPROVAL DECLARATION
Authors declare human ethics approval was not needed for this study.

ORCID
Adam Rudinsky

Vanessa Hale

https://orcid.org/0000-0001-5369-3152
https://orcid.org/0000-0002-8531-7001

REFERENCES

1. Chew DJ, DiBartola SP, Schenck PA, Chew DJ. Canine and Feline
Nephrology and Urology. St. Louis, MO: Saunders; 2011.

2. Decramer S, Peredo AG d, Breuil B, et al. Urine in clinical proteomics.
Mol Cell Proteomics. 2008;7(10):1850-1862.

3. Reine NJ, Langston CE. Urinalysis interpretation: how to squeeze out
the maximum information from a small sample. Clin Tech Small Anim
Pract. 2005;20(1):2-10.

4. Monteiro ACMP, Veado JCC, Mantovani MM, et al. Comparative
analysis of bacteriuria results on routine urinalysis and urine culture: a
retrospective study. Res Soc Dev. 2021;10(12):e327101219711.

5. Polzin DJ. Chronic Kidney Disease. Hoboken, NJ: John Wiley & Sons;
2011.

6. Athanasiou LV, Katsoulos PD, Katsogiannou EG, et al. Comparison
between the urine dipstick and the pH-meter to assess urine pH in
sheep and dogs. Vet Clin Pathol. 2018;47(2):284-288.

7. Palma D, Langston C, Gisselman K, McCue J. Canine struvite urolithia-
sis. Compend Contin Educ Vet. 2013;35(8):E1.

8. Lulich JP, Berent AC, Adams LG, Westropp JL, Bartges JW,
Osborne CA. ACVIM small animal consensus recommendations on
the treatment and prevention of uroliths in dogs and cats. J Vet Intern
Med. 2016;30(5):1564-1574.

9. Rowe JC, Hokamp JA, Braatz JN, et al. Interobserver reliability of
canine urine specific gravity assessed by analog or digital refractome-
ters. J Vet Diagn Invest. 2021;33(3):611-614.

10. Hokamp JA, Leidy SA, Gaynanova |, Cianciolo RE, Nabity MB. Corre-
lation of electrophoretic urine protein banding patterns with severity

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

of renal damage in dogs with proteinuric chronic kidney disease. Vet
Clin Pathol. 2018;47(3):425-434.

Schaefer H, Kohn B, Schweigert F j, Raila J. Quantitative and qualita-
tive urine protein excretion in dogs with severe inflammatory
response syndrome. J Vet Intern Med. 2011;25(6):1292-1297.

Yadav SN, Ahmed N, Nath AJ, Mahanta D, Kalita MK. Urinalysis in
dog and cat: a review. Vet World. 2020;13(10):2133-2141.

van Vonderen IK, Kooistra HS, Rijnberk A. Intra- and interindividual
variation in urine osmolality and urine specific gravity in healthy pet
dogs of various ages. J Vet Intern Med. 1997;11(1):30-35.

Baquero F, Coque TM, Galan JC, Martinez JL. The origin of niches
and species in the bacterial world. Front Microbiol. 2021;12:12.
Burton EN, Cohn LA, Reinero CN, Rindt H, Moore SG, Ericsson AC.
Characterization of the urinary microbiome in healthy dogs. PLoS
One. 2017;12(5):e0177783.

Brubaker L, Wolfe A. The urinary microbiota: a paradigm shift for
bladder disorders? Curr Opin Obstet Gynecol. 2016;28(5):407-412.
Neugent ML, Hulyalkar NV, Nguyen VH, Zimmern PE, de Nisco NJ.
Advances in understanding the human urinary microbiome and its
potential role in urinary tract infection. mBio. 2020;11(2):e00218-20.
Melgarejo T, Oakley BB, Krumbeck JA, Tang S, Krantz A, Linde A.
Assessment of bacterial and fungal populations in urine from clinically
healthy dogs using next-generation sequencing. J Vet Intern Med.
2021;35(3):1416-1426.

Song CH, Kim YH, Naskar M, et al. Lactobacillus crispatus limits blad-
der uropathogenic E. coli infection by triggering a host type | inter-
feron response. Proc Natl Acad Sci USA. 2022;119(33):€2117904119.
Coffey EL, Gomez AM, Burton EN, Granick JL, Lulich JP, Furrow E.
Characterization of the urogenital microbiome in miniature schnau-
zers with and without calcium oxalate urolithiasis. J Vet Intern Med.
2022;36(4):1341-1352.

Segev G, Sykes J e, Klumpp DJ, et al. Evaluation of the live biothera-
peutic product, asymptomatic bacteriuria Escherichia coli 2-12, in
healthy dogs and dogs with clinical recurrent UTI. J Vet Intern Med.
2018;32(1):267-273.

Thompson MF, Totsika M, Schembri MA, Mills PC, Seton EJ, Trott DJ.
Experimental colonization of the canine urinary tract with the asymp-
tomatic bacteriuria Escherichia coli strain 83972. Vet Microbiol. 2011
Jan 10;147(1-2):205-208.

Mrofchak R, Madden C, Evans MV, Hale VL. Evaluating extraction
methods to study canine urine microbiota. PloS One. 2021;16(7):
€0253989.

Mrofchak R, Madden C, Evans MV, et al. Urine and fecal microbiota
in a canine model of bladder cancer and comparison of canine and
human urine microbiota. Life. 2022;15(1):1245-1263.

Johnson JR, O'Bryan TT, Low DA, et al. Evidence of commonality
between canine and human extraintestinal pathogenic Escherichia coli
strains that express papG allele lll. Infect Immun. 2000;68(6):3327-
3336.

Valat C, Drapeau A, Beurlet S, et al. Pathogenic Escherichia coli in dogs
reveals the predominance of ST372 and the human-associated ST73
extra-intestinal lineages. Front Microbiol. 2020;11:580.

Song SJ, Lauber C, Costello EK, et al. Cohabiting family members
share microbiota with one another and with their dogs. elLife. 2013;2:
e00458.

Wipler J, Cermakova Z, Hanzalek T, Horakova H, Zemli¢kova H. Shar-
ing bacterial microbiota between owners and their pets (dogs, cats).
Klin Mikrobiol Infekc Lek. 2017;23(2):48-57.

Johnson JR, Clabots C. Sharing of virulent Escherichia coli clones
among household members of a woman with acute cystitis. Clin Infect
Dis. 2006;43(10):e101-e108.

Johnson JR, Clabots C, Kuskowski MA. Multiple-host sharing, long-
term persistence, and virulence of Escherichia coli clones from human
and animal household members. J Clin Microbiol. 2008;46(12):4078-
4082.

85U8017 SUOWILLOD 3ATE81D 3|cedl|dde ayy Aq pausenob ae s9oile O ‘8sh Jo Ss|nl 10} ARIq1T 8UIUO 43| UO (SUOTIPUOO-PUE-SWLBYW0D A8 Im A e1q 1 pU1|UO//SdNY) SUORIPUOD pUe SWie | 8U188S *[£202/60/TT] U Akiqiauljuo A8]IMm ‘ IS 01YO AISIBAIUN 8IRIS OO - BeH BSSSUR A AQ 0989T WIAITTTT 0T/I0p/W00 A8 | 1M Azelq1jpuljuo//:Sciy Wwolj pepeojumoq ‘0 ‘9/9T6E6T


https://orcid.org/0000-0001-5369-3152
https://orcid.org/0000-0001-5369-3152
https://orcid.org/0000-0002-8531-7001
https://orcid.org/0000-0002-8531-7001

MCcGLYNN ET AL

Journal of Veterinary Internal Medicine AC\%’/IM | 11

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Johnson JR, Owens K, Gajewski A, Clabots C. Escherichia coli coloniza-
tion patterns among human household members and pets, with atten-
tion to acute urinary tract infection. J Infect Dis. 2008;197(2):218-224.
Murray AC, Kuskowski MA, Johnson JR. Virulence factors predict
Escherichia coli colonization patterns among human and animal house-
hold members [6]. Ann Intern Med. 2004;140(10):848-849.

Misic AM, Davis MF, Tyldsley AS, et al. The shared microbiota of
humans and companion animals as evaluated from staphylococcus
carriage sites. Microbiome. 2015;3:2.

Laflamme D. Development and validation of a body condition score
system for dogs. Canine Pract. 1997;22:10-15.

Weese JS, Blondeau JM, Boothe D, et al. Antimicrobial use guidelines
for treatment of urinary tract disease in dogs and cats: antimicrobial
guidelines working Group of the International Society for companion
animal infectious diseases. Vet Med Int. 2011;2011:e263768.

Park Y, Oh J, Park S, et al. Antimicrobial resistance and novel muta-
tions detected in the gyrA and parC genes of Pseudomonas aerugi-
nosa strains isolated from companion dogs. BMC Vet Res. 2020;
16(1):111.

Meki¢ S, Matanovi¢ K, Seol B. Antimicrobial susceptibility of Pseudo-
monas aeruginosa isolates from dogs with otitis externa. Vet Rec.
2011;169(5):125.

KuKanich K, Woodruff K, Bieberly Z, Papich MG, KuKanich B. Evalua-
tion of urine concentrations of amoxicillin and clavulanate in cats.
J Vet Intern Med. 2021;35(1):456-461.

Bemis DA, Jones RD, Frank LA, Kania SA. Evaluation of susceptibility
test breakpoints used to predict mecA-mediated resistance in Staphy-
lococcus pseudintermedius isolated from dogs. J Vet Diagn Invest.
2009;21(1):53-58.

Medicine TOSUC of V. Suggested treatment options by condition
[Companion]. 2018.

Hokamp JA, Nabity MB. Renal biomarkers in domestic species. Vet
Clin Pathol. 2016;45(1):28-56.

Boyanova L, Marteva-Proevska Y, Markovska R, Yordanov D,
Gergova R. Urinary tract infections: should we think about the anaero-
bic cocci? Anaerobe. 2022;77:102509.

Tripathi NK, Gregory CR, Latimer KS. Chapter 9: urinary system. In:
Latimer KS, Mahaffey EA, Prasse KW, eds. Duncan and Prasse's Veteri-
nary Laboratory Medicine: Clinical Pathology. 5th ed. Chichester, West
Sussex, UK: Wiley-Blackwell; 2011:263.

Heuter KJ, Buffington CA, Chew DJ. Agreement between two
methods for measuring urine pH in cats and dogs. J Am Vet Med
Assoc. 1998;213(7):996-998.

Johnson KY, Lulich JP, Osborne CA. Evaluation of the reproducibility
and accuracy of pH-determining devices used to measure urine pH in
dogs. J Am Vet Med Assoc. 2007;230(3):364-369.

Chew DJ, DiBartola SP, Nestle Purina PetCare Company. Interpretation
of Canine and Feline Urinalysis. Wilmington, DE: Gloyd Group; 2004.
Rudinsky A, Cortright C, Purcell S, et al. Variability of first morning
urine specific gravity in 103 healthy dogs. J Vet Intern Med. 2019;
33(5):2133-2137.

Rishniw M, Bicalho R. Factors affecting urine specific gravity in appar-
ently healthy cats presenting to first opinion practice for routine eval-
uation. J Feline Med Surg. 2015;17(4):329-337.

Sauvé JF, Lévesque M, Huard M, et al. Creatinine and specific gravity
normalization in biological monitoring of occupational exposures.
J Occup Environ Hyg. 2015;12(2):123-129.

Braver DJ, Modan M, Chétrit A, Lusky A, Braf Z. Drinking, micturition
habits, and urine concentration as potential risk factors in urinary
bladder cancer. J Natl Cancer Inst. 1987;78(3):437-440.

Eshar D, Wyre NR, Brown DC. Urine specific gravity values in
clinically healthy young pet ferrets (Mustela furo). J Small Anim Pract.
2012;53(2):115-119.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

American College of
Veterinary Internal Medicine

de Loor J, Daminet S, Smets P, Maddens B, Meyer E. Urinary bio-
markers for acute kidney injury in dogs. J Vet Intern Med. 2013;27(5):
998-1010.

Snell CB. Characterization and in vitro susceptibility of clinical feline uro-
pathogenic E. coli isolates to an E. coli probiotic [Thesis]. Columbus, OH:
The Ohio State University; 2021.

. Gentilini F, Dondi F, Mastrorilli C, et al. Validation of a human immu-

noturbidimetric assay to measure canine albumin in urine and cere-
brospinal fluid. J Vet Diagn Invest. 2005;17(2):179-183.

Cianciolo RE, Benali SL, Aresu L. Aging in the canine kidney. Vet
Pathol. 2016;53(2):299-308.

Zaragoza C, Barrera R, Centeno F, Tapia JA, Maiie MC. Canine pyo-
metra: a study of the urinary proteins by SDS-PAGE and Western
blot. Theriogenology. 2004;61(7):1259-1272.

Zaragoza C, Barrera R, Centeno F, Tapia JA, Mafé MC. Characteriza-
tion of renal damage in canine leptospirosis by sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) and West-
ern blotting of the urinary proteins. J Comp Pathol. 2003;129(2):
169-178.

Pereira AM, Clemente A. Dogs' microbiome from tip to toe. Top Com-
panion Anim Med. 2021;45:100584.

Johnstone T. A clinical approach to multidrug-resistant urinary tract
infection and subclinical bacteriuria in dogs and cats. N Z Vet J. 2020;
68(2):69-83.

Bartges JW. Diagnosis of urinary tract infections. Vet Clin North Am
Small Anim Pract. 2004;34(4):923-933.

Rella M, Haas D. Resistance of Pseudomonas aeruginosa PAO to nali-
dixic acid and low levels of beta-lactam antibiotics: mapping of chro-
mosomal genes. Antimicrob Agents Chemother. 1982;22(2):242-249.
Poole K. Pseudomonas aeruginosa: resistance to the max. Front Micro-
biol. 2011;2:65.

Li Y, Fernandez R, Duran |, Molina-Lépez RA, Darwich L. Antimicro-
bial resistance in bacteria isolated from cats and dogs from the Iberian
Peninsula. Front Microbiol. 2021;11:621597.

Marchetti L, Buldain D, Gortari Castillo L, Buchamer A, Chirino-
Trejo M, Mestorino N. Pet and stray dogs as reservoirs of
antimicrobial-resistant Escherichia coli. Int J Microbiol. 2021;2021:
e6664557.

Murphy C, Reid-Smith RJ, Prescott JF, et al. Occurrence of antimicro-
bial resistant bacteria in healthy dogs and cats presented to private
veterinary hospitals in southern Ontario: a preliminary study. Can Vet
J.2009;50(10):1047-1053.

Joosten P, Ceccarelli D, Odent E, et al. Antimicrobial usage and resis-
tance in companion animals: a cross-sectional study in three
European countries. Antibiotics. 2020;9(2):87.

Ismaila MS, Thomas-Rhoden A, Neptune A, et al. A survey on the
rationale usage of antimicrobial agents in small animal clinics and
farms in Trinidad and Jamaica. Antibiotics. 2022;11(7):885.

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: McGlynn A, Mrofchak R, Madan R,
et al. Longitudinal examination of urine pH, specific gravity,
protein, culture, and antimicrobial resistance profiles in
healthy dogs. J Vet Intern Med. 2023;1-11. doi:10.1111/jvim.
16860

85U8017 SUOWILLOD 3ATE81D 3|cedl|dde ayy Aq pausenob ae s9oile O ‘8sh Jo Ss|nl 10} ARIq1T 8UIUO 43| UO (SUOTIPUOO-PUE-SWLBYW0D A8 Im A e1q 1 pU1|UO//SdNY) SUORIPUOD pUe SWie | 8U188S *[£202/60/TT] U Akiqiauljuo A8]IMm ‘ IS 01YO AISIBAIUN 8IRIS OO - BeH BSSSUR A AQ 0989T WIAITTTT 0T/I0p/W00 A8 | 1M Azelq1jpuljuo//:Sciy Wwolj pepeojumoq ‘0 ‘9/9T6E6T


info:doi/10.1111/jvim.16860
info:doi/10.1111/jvim.16860

	Longitudinal examination of urine pH, specific gravity, protein, culture, and antimicrobial resistance profiles in healthy dogs
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Recruiting and enrollment
	2.2  Sample collection
	2.3  pH (meter vs dipstick)
	2.4  Urine specific gravity
	2.5  Urine protein profiles
	2.6  Urine culture
	2.7  Antimicrobial resistance profiles
	2.8  Statistical analyses

	3  RESULTS
	3.1  Study subjects
	3.2  pH within and between dogs over time
	3.3  pH meter vs dipstick
	3.4  USG differences between morning and afternoon
	3.5  Urine protein profiles
	3.6  Urine cultures
	3.7  Antimicrobial resistance profiles

	4  DISCUSSION
	5  CONCLUSIONS
	ACKNOWLEDGMENT
	CONFLICT OF INTEREST DECLARATION
	OFF-LABEL ANTIMICROBIAL DECLARATION
	INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE (IACUC) OR OTHER APPROVAL DECLARATION
	HUMAN ETHICS APPROVAL DECLARATION
	REFERENCES


