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Abstract

Bacterial urinary tract infections (UTIs) are common in dogs and cats. This study examined
the correlations between routine urinalysis and culture-confirmed infections and described
the etiologic agents and antimicrobial susceptibility to support stewardship. In 2023,
1787 urine samples (854 dogs, 933 cats) underwent urinalysis, aerobic culture with species
identification, and disk-diffusion testing per Clinical and Laboratory Standards Institute
standards; non-parametric statistics with effect sizes were applied. Pyuria was the strongest
correlate of infection in both species. Low urine specific gravity was associated with
infection and crystal detection, and urine pH correlated weakly with growth in dogs.
Nitrite positivity was strongly associated with infection in dogs but showed no diagnostic
value in cats. Hematuria showed a weak inverse association in dogs and no association in
cats. Females and older animals were more frequently infected, and infections were slightly
more common in summer. Most episodes were monomicrobial (85%), predominantly
caused by Escherichia coli (48.4% of dogs; 51.5% of cats). E. coli remained broadly susceptible
to nitrofurantoin and aminoglycosides. Fluoroquinolone activity was variable. Pseudomonas
spp. showed the highest susceptibility to ceftazidime, cefepime, and aminoglycosides.
These findings support culture when pyuria, dilute urine, or nitrite positivity is detected
and favour short, targeted empiric therapy pending results, guided by a stepwise clinical
decision pathway.
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1. Introduction
Urinary tract infections (UTIs) are relatively common disorders among dogs and

cats. About 14% of dogs suffer from bacterial UTIs during their lifetime [1–3], and less
than 3% of cats present symptoms of bacterial cystitis, but the percentage increases with
age [4,5] and with some disorders, such as diabetes, endocrinopathies, or kidney diseases.
In cats, while symptomatic bacterial cystitis is relatively infrequent, subclinical bacteriuria
has been reported more frequently in geriatric or comorbid cats. Upper-tract infections
(e.g., pyelonephritis) are considered uncommon but clinically important [6]. The other
comorbidities that should be considered among pets with bacterial cystitis are urolithiasis,
bladder tumors, prostatic diseases, and immunosuppressive therapy [7]. In veterinary
medicine, subclinical bacteriuria analogous to asymptomatic bacteriuria in human medicine
refers to the presence of bacteria in the urinary tract without overt clinical signs and without
evidence of inflammation in the urine sediment [8,9]. A urinary tract infection is a condition
in which a microbial pathogen attaches to, multiplies within, and remains in the urinary
system, triggering inflammation and clinical symptoms. In most cases, UTIs are caused by
bacteria, while infections resulting from viruses, fungi, or parasites account for less than
1% of all cases [6,10]. In dogs, the most common clinical signs of bacterial UTI include
stranguria, hematuria, pollakiuria, and urinary incontinence [11]. Moreover, the urine
becomes cloudy and malodorous, and increased licking of the perigenital area is often
observed [12,13]. The International Society for Companion Animal Infectious Diseases
(ISCAID) differentiates subclinical bacteriuria from clinical UTIs; clinical UTIs are further
categorized as uncomplicated, complicated, or upper-tract infections (e.g., pyelonephritis),
each with distinct diagnostic pathways and antimicrobial recommendations [7]. One of the
most common bacteria isolated from urine of dogs, cats, and humans with suspected UTI
is uropathogenic Escherichia coli (UPEC), which is responsible for 33–51% of all canine and
feline urinary tract infection cases [14–22], followed by Enterococcus faecalis and Enterococcus
faecium [23–25]. The detection rate of Enterococcus species ranges from 5% to 55% [26].
However, in dogs, members of the Staphylococcus intermedius group and Proteus spp. have
been reported as more prevalent causative agents of UTIs, whereas in cats, Enterococcus
spp. and coagulase-negative Staphylococci are more frequently isolated. These findings are
supported by studies conducted in various European countries between 2013 and 2018 [24].
Comparable distributions of common uropathogens have also been reported in human
UTIs [27].

Urinary tract infections are usually the main reason for antimicrobial therapy in vet-
erinary medicine [7]. In small animal practice, aminopenicillins (e.g., amoxicillin) with
or without a β-lactamase inhibitor are commonly used as first-line options for uncom-
plicated lower UTIs, whereas in human medicine, short-course (3–5 days) regimens for
uncomplicated cystitis frequently include trimethoprim–sulfamethoxazole, nitrofurantoin,
or Fosfomycin. The β-lactams and other agents remain widely used for complicated UTIs
and pyelonephritis [7,28,29]. Unreasonable and long-term antimicrobial treatment can
lead to multidrug antimicrobial resistance and the risk of extended-spectrum β-lactamase
bacteria [29]. The decision to use antimicrobial drugs should correspond with clinical signs
of UTIs, urinalysis, and microbiological evaluation of the urine sample, with susceptibility
of cultured bacteria [6,7,30].

The aim of this study is to identify the most significant changes observed in urinalysis
during UTI in dogs and cats, as well as to determine the prevalence of bacterial species
responsible for these infections. Additionally, the study assesses the antimicrobial suscepti-
bility patterns of the isolated strains to commonly used antibiotics in Poland, providing
valuable insights for effective therapeutic decision-making in veterinary practice.
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2. Materials and Methods
2.1. Specimen Collection

From January to December 2023, 1787 urine samples from 854 dogs and 933 cats
were processed at Animallab Veterinary Laboratory (Warsaw, Poland). Urinalysis (with
or without urine albumin-to-creatinine ratio, UACR) was performed when requested by
the submitting veterinarian and/or when sufficient sample volume and complete labora-
tory data were available, and all samples were cultured for bacterial growth. This was a
retrospective analysis of anonymized results generated during routine clinical diagnostics.
No additional sampling, handling, or animal procedures were performed for research
purposes. Accordingly, the study was considered exempt from institutional animal ethics
review under the EU Directive 2010/63/EU and its implementation in Polish law (Act
of 15 January 2015; Dz.U. 2015 poz. 266). Clinical metadata (e.g., sporadic vs. recurrent
infection, lower vs. upper UTI classification, comorbidities) and urine collection method
(cystocentesis/catheter/free-catch) were not systematically available in laboratory sub-
missions; therefore, analyses reflect a laboratory-based dataset rather than a clinically
phenotyped cohort.

All urine samples were submitted to the laboratory as part of routine diagnostic
work-up, and only anonymized data were used for analysis.

2.2. Study Population Characteristics

Among the 854 dogs included in the study, 391 were males and 463 were females. The
minimum and maximum ages recorded were 1 month and 18 years, respectively, with a
median age of 7 years and 9 months. Of the 933 cats analysed, 489 were males and 444 were
females. The age of the feline population ranged from 1 month to 19 years and 9 months,
with a median age of 7 years and 7 months. Age data were not available for 35 dogs and
154 cats.

2.3. Urinalysis and UACR

The Mission® U500 Urine Analyser (ACON Laboratories, Inc., San Diego, CA, USA)
was used to determine chemical parameters, including pH, proteins, glucose, urobilinogen,
bilirubin, ketone bodies, and nitrites. Using an Atago PAL-DOG&CAT Digital Hand-Held
Pocket Refractometer (ATAGO Co., Ltd., Tokyo, Japan), the specific gravity of urine was
measured. The examination of urine sediment was conducted under a microscope, using
a low-power field to examine casts and a high-power field to view bacteria, erythrocytes,
leukocytes, epithelial cells, and crystals. Leukocyturia and hematuria were reported when
there were more than five leukocytes or erythrocytes in a high-power field. The urine
albumin-creatinine ratio (UACR) was measured using the Mindray BA-800M Chemistry
and Toxicology Analyser (Shenzhen Mindray Bio-Medical Electronics Co., Ltd., Shenzhen,
China). Urine specimens were delivered to the laboratory as routine submissions, usually
refrigerated during transport. When urinalysis and culture were requested for the same
specimen, urinalysis was performed upon receipt and aliquots were then used for microbi-
ological culture. Exact pre-analytical times (collection-to-analysis) and transport/storage
conditions were not consistently documented for all submissions; however, according to
the laboratory’s routine workflow, the time from sample collection to analysis did not
exceed 6 h. These pre-analytical variables are nevertheless acknowledged as a limitation
when interpreting associations between urinalysis parameters and bacteriuria.

2.4. Bacterial Culture and Molecular Biology Testing

Urine samples were inoculated onto 5% defibrinated sheep blood agar, MacConkey
agar plates (GRASO Biotech, Starogard Gdański, Poland), and UriSelect™4 Agar (Bio-
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Rad Laboratories, Inc., Hercules, CA, USA). The plates were incubated under aerobic
conditions at 35 ± 2 ◦C for 24, 48, and 72 h. Bacterial growth ≥105 CFU/mL in dogs
and ≥104 CFU/mL in cats was considered significant [7]. Bacterial identification was
based on colony morphology, Gram staining, catalase, coagulase, and oxidase tests, as
well as other biochemical characteristics using commercial test panels GN24, GP24, and
ST16 (DIAGNOSTICS s.r.o., Galanta, Slovakia). Enterobacterales (including Escherichia
coli, Klebsiella spp., Proteus spp., and other Gram-negative rods) were identified using the
phenotypic methods described above. Molecular confirmation was not routinely performed
for these organisms. For the identification of Enterococcus spp. and coagulase-positive
Staphylococcus spp., multiplex PCR was performed. Genomic DNA was extracted using
the Sherlock AX commercial kit (A&A Biotechnology, Gdańsk, Poland). PCR protocols
were conducted as previously described by Jackson et al. [31] for enterococci and by Sasaki
et al. [32] for coagulase-positive staphylococci. Although MALDI-TOF MS can provide
rapid, highly accurate species-level identification, it was not available in this workflow;
therefore, identification relied on culture characteristics and conventional biochemical
methods, which may be less precise for uncommon taxa.

The PCR reaction mixture for the detection of coagulase-positive Staphylococcus species
consisted of 3 µL of extracted DNA, 0.5 µL of each primer (10 µM), 25 µL of StartWarm
HS-PCR Mix (A&A Biotechnology, Gdańsk, Poland), and 15 µL of ultrapure water (A&A
Biotechnology, Gdańsk, Poland). The thermal cycling conditions consisted of 35 cycles,
each comprising denaturation at 95 ◦C for 30 s, annealing at 56 ◦C for 45 s, and extension at
72 ◦C for 1 min, followed by a final extension at 72 ◦C for 10 min. The primers used in this
reaction are listed in Table 1.

Table 1. Oligonucleotide primers for species-level identification of coagulase-positive staphylococci
with expected PCR product lengths.

Primers Name Primers Sequences (5′-3′) PCR Product (bp) Staphylococcus Species

au-F3 TCGCTTGCTATGATTGTGG
359 S. aureusau-nucR GCCAATGTTCTACCATAGC

in-F CATGTCATATTATTGCGAATGA
430 S. intermediusin-R3 AGGACCATCACCATTGACATATTGAAACC

sch-F AATGGCTACAATGATAATCACTAA
526

S. schleiferi subsp. coagulans
S. schleiferi subsp. schleiferisch-R CATATCTGTCTTTCGGCGCG

dea-F TGAAGGCATATTGTAGAACAA
661 S. delphini group A

dea-R CGRTACTTTTCGTTAGGTCG

hy-F1 CATTATATGATTTGAACGTG
793 S. hyicus

hy-R1 GAATCAATATCGTAAAGTTGC

pse-F2 TRGGCAGTAGGATTCGTTAA
926 S. pseudintermedius

pse-R5 CTTTTGTGCTYCMTTTTGG

deb-F GGAAGRTTCGTTTTTCCTAGAC
1135 S. delphini group B

deb-R4 TATGCGATTCAAGAACTGA

Notes: Primer pairs target the thermonuclease (nuc) gene for species-level identification of coagulase-
positive staphylococci.

Identification of enterococci was carried out for eight species: E. faecium, E. faecalis,
E. avium, E. columbae, E. gallinarum, E. dispar, E. casseiflavus and E. hirae. PCR reactions
were performed in a final volume of 25 µL, containing 3 µL of extracted DNA, 12.5 µL
of StartWarm HS-PCR Mix (A&A Biotechnology, Gdańsk, Poland), 7.5 µL of ultrapure
water (A&A Biotechnology, Gdańsk, Poland), and 0.5 µL of each primer (Table 2). The PCR
conditions consisted of 35 cycles of denaturation at 95 ◦C for 30 s, annealing at 55 ◦C for
1 min, and extension at 72 ◦C for 1 min, followed by a final extension at 72 ◦C for 10 min.
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Both PCR protocols for coagulase-positive staphylococci and enterococci were performed
using a MultiGene OptiMax thermocycler (Labnet International Inc., Taoyuan, Taiwan).
All amplified PCR products were analysed by electrophoresis on a 2% agarose gel under
UV light.

Table 2. Oligonucleotide primers for species-level identification of Enterococcus spp.: sequences and
product lengths (A, B, C—multiplex groups).

Primers Name Primers Sequences (5′-3′) PCR Product (bp) Enterococcus Species

FL1 ACTTATGTGACTAACTTAACC
360 E. faecalis (A)

FL2 TAATGGTGAATCTTGGTTTGG

FM1 GAAAAAACAATAGAAGAATTAT
215 E. faecium (A)

FM2 TGCTTTTTTGAATTCTTCTTTA

GA1 TTACTTGCTGATTTTGATTCG
173 E. gallinarum (B)

GA2 TGAATTCTTCTTTGAAATCAG

CO1 GAATTTGGTACCAAGACAGTT
284 E. columbae (B)CO2 GCTAATTTACCGTTATCGACT

DI1 GAACTAGCAGAAAAAAGTGTG
284 E. dispar (A)

DI2 GATAATTTACCGTTATTTACC

AV1 GCTGCGATTGAAAAATATCCG
368 E. avium (C)AV2 AAGCCAATGATCGGTGTTTTT

CA1 TCCTGAATTAGGTGAAAAAAC
288 E. casseliflavus (C)

CA2 GCTAGTTTACCGTCTTTAACG

HI1 CTTTCTGATATGGATGCTGTC
187 E. hirae (C)HI1 TAAATTCTTCCTTAAATGTTG

Notes: The primer set includes Enterococcus genus-specific 16S rRNA primers (E1/E2) and species-specific
primers targeting the superoxide dismutase (sodA) gene.

2.5. Antimicrobial Susceptibility Testing

Antimicrobial susceptibility for isolated bacteria was determined by the disc diffusion
method based on the inhibition zone of the veterinary VET08, VET01S and human M100-
specific CLSI guidelines if the inhibition zone was not available in the veterinary CLSI
guidelines [33–35]. The inhibition zone of marbofloxacin, enrofloxacin and ciprofloxacin
for Pseudomonas spp. was based on an available publication [36]. Antibiotics used against
different bacterial groups are listed in Table 3. Where veterinary interpretive criteria
were unavailable, human CLSI M100 breakpoints were applied; this approach may yield
different categorical interpretations compared with MIC-based methods or veterinary-
specific breakpoints and is considered a study limitation. The antimicrobial panel was
selected to include first-line agents commonly recommended for uncomplicated lower UTIs
in dogs and cats, frequently used alternatives/second-line drugs in small animal practice,
and selected reserve agents of critical importance in human medicine that were included
for surveillance purposes only and are not advocated for empirical veterinary use (e.g.,
carbapenems, linezolid). For staphylococci, CLSI veterinary breakpoints were applied for
Staphylococcus pseudintermedius where available; for other staphylococcal species lacking
validated veterinary breakpoints, CLSI M100 Staphylococcus spp. breakpoints were used as
surrogate interpretive criteria and results should be interpreted cautiously.
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Table 3. Antimicrobial agents included in susceptibility testing by bacterial group.

Antibiotic Interpretive
Criteria Source Enterobacterales Staphylococcus Streptococcus Enterococcus Pseudomonas

PEN-penicillin VET08/VET01S + + +

AMP-ampicillin VET08/VET01S + + + +

AUG-amoxicillin/clavulanic acid VET08/VET01S + + +

PIP-piperacillin EU CLSI M100 +

TAZ-piperacillin/tazobactam EU CLSI M100 +

TIC-ticarcillin EU CLSI M100 +

TCC-ticarcillin/clavulanic acid EU CLSI M100 +

IMP-imipenem EU CLSI M100 + +

MEM-meropenem EU CLSI M100 +

ATM-aztreonam CLSI M100 +

CEF-cefalexin VET08/VET01S + +

CEC-cefaclor VET08/VET01S + +

CVN-cefovecin VET08/VET01S + + +

CTZ-ceftazidime CLSI M100 + +

CFP-cefepime CLSI M100 +

AMK-amikacin VET08/VET01S + + +

GME-gentamicin VET08/VET01S + + + +

STR-streptomycin VET08/VET01S + +

TOB-tobramycin VET08/VET01S +

CHL-chloramphenicol VET08/VET01S + + +

FFC-florphenicol VET08/VET01S + + + +

CIP-ciprofloxacin Ref. [36] + + + +

ENR-enrofloxacin Ref. [36] + + +

MAR-marbofloxacin Ref. [36] + + + +

OFX-ofloxacin CLSI M100 +

PRA-pradofloxacin VET08/VET01S +

AZM-azithromycin VET08/VET01S +

ERY-erythromycin VET08/VET01S + + +

RIF-rifampicin CLSI M100 +

CD-clindamycin VET08/VET01S +

LIN-linezolid EU CLSI M100 + + +

PXB-polymyxin B CLSI M100 +

STX-sulfamethoxazole/TMP VET08/VET01S + + +

DOX-doxycycline VET08/VET01S + + + +

TET-tetracycline VET08/VET01S + + + +

NFE-nitrofurantoin VET08/VET01S + + +

Abbreviations: “+” indicates that the agent was included in the test panel for the respective bacteria group; inter-
pretive criteria sources used for disk-diffusion antimicrobial susceptibility testing: VET08/VET01S (veterinary),
CLSI M100 (human surrogate), EU (Human reserve list—antimicrobial reserved for human use and not permitted
for routine veterinary therapy in the EU).

2.6. Statistical Data Analysis

Statistical analyses were conducted in IBM SPSS Statistics, version 29.0 (IBM Corp.,
Armonk, NY, USA). Because distributions were non-normal and group sizes were un-
equal, non-parametric procedures were applied. Associations between categorical variables
(e.g., season and infection status; pyuria/hematuria or nitrite positivity and infection; urine
specific gravity and infection; crystal presence and urine specific gravity; pathogen distribu-
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tion) were examined using chi-square tests of independence, with effect size quantified by
Cramér’s V (or phi for 2 × 2 tables). Monotonic associations between continuous or ordinal
variables (e.g., age and number of bacterial strains; urine pH and semi-quantitative growth)
were assessed using two-sided Spearman rank correlations (r_s). Group differences in age
by infection status were tested using the two-sided Mann–Whitney U test, with the effect
size (r) reported. Statistical significance was set at α = 0.05 (two-tailed). Effect sizes were
interpreted using conventional benchmarks [37].

3. Results
3.1. Urinalysis and Urine Albumin-Creatinine Ratio (UACR)

Urinalysis alone was performed on 301 urine samples from dogs and 286 samples
from cats. Urinalysis combined with an additional measurement of the urinary albumin-
to-creatinine ratio (UACR) was conducted on 325 samples from dogs and 567 from cats.
A total of 228 samples from dogs and 80 from cats were not subjected to urinalysis be-
cause submissions were culture-only and/or lacked sufficient sample volume or complete
urinalysis data (Figure 1). Accordingly, associations between urinalysis parameters and
bacteriuria were evaluated in the subset with available urinalysis results. The results of
general urinalysis were stratified by species and by the presence or absence of bacterial
growth (Table 4).

Table 4. General comparison of urinalysis values with positive and negative bacteria culture growth
in canine and feline urine.

Dogs Cats

Urinalysis
Negative

Bacteria Culture
Positive

Bacteria Culture Urinalysis
Negative

Bacteria Culture
Positive

Bacteria Culture
n = 317 % n = 309 % n = 591 % n = 262 %

SG SG

<1.015 65 20.5 104 33.7 <1.025 155 26.2 135 51.5
1.015–1.045 230 72.6 193 62.5 1.025–1.065 429 72.6 87 33.2

>1.045 22 6.9 12 3.9 >1.065 7 1.2 40 15.3

pH pH

<6 14 4.4 24 7.8 <6 17 2.9 6 2.3
6–7.5 266 83.9 227 73.5 6–6.5 398 67.3 179 68.3
>7.5 37 11.7 58 18.8 >6.5 176 29.8 77 29.4

NO2 NO2

negative 301 95.0 218 70.6 negative 584 98.8 257 98.1
positive 16 5.0 91 29.4 positive 7 1.2 5 1.9

glucose glucose

positive 15 4.7 6 1.9 positive 29 4.9 10 3.8
negative 302 95.3 303 98.1 negative 562 95.1 252 96.2

protein protein

undetectable 152 47.9 16 5.2 undetectable 249 42.1 20 7.6
>15–100 111 35.1 51 16.5 >15–100 233 39.4 73 27.9

>100 54 17.0 242 78.3 >100 109 18.4 169 64.5

UACR UACR

<0.5 118/165 * 71.5 89/160 * 55.6 <0.4 295/390 * 66.4 123/177 * 69.5
>0.5 47/165 * 28.5 71/160 * 44.4 >0.4 95/390 * 24.4 54/177 * 30.5

leukocytes leukocytes

<5 hpf 289 91.2 69 22.3 <5 hpf 583 98.6 38 14.5
>5 hpf 28 8.8 240 77.7 >5 hpf 8 1.4 224 85.5

erythrocytes erythrocytes

<5 hpf 254 80.1 261 84.5 <5 hpf 416 70.4 47 17.9
>5 hpf 64 20.2 48 15.5 >5 hpf 175 29.6 215 82.1
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Table 4. Cont.

Dogs Cats

Urinalysis
Negative

Bacteria Culture
Positive

Bacteria Culture Urinalysis
Negative

Bacteria Culture
Positive

Bacteria Culture
n = 317 % n = 309 % n = 591 % n = 262 %

bacteria bacteria

few hpf 188 59.0 52 16.8 few hpf 417 70.6 67 25.6
numerous hpf 129 41.0 257 83.2 numerous hpf 174 29.4 195 74.4

crystals crystals

struvite 44 13. 70 22.7 struvite 115 19.5 53 20.2
oxalate 8 2.5 4 1.3 oxalate 7 1.2 6 2.3

uric acid 1 0.3 0 0 uric acid 0 0 0 0
bilirubin 0 0 10 3.2 bilirubin 0 0 0 0

Abbreviations: SG, urine specific gravity; UACR, urine albumin-to-creatinine ratio; NO2, nitrite; hpf, high-power
field; * Urine samples additionally tested for UACR.

Figure 1. Flowchart of urine sample processing in dogs and cats. Urinalysis (with or without UACR)
was performed when requested by the submitting veterinarian and/or when sufficient sample
volume and complete urinalysis data were available; remaining submissions were culture-only.

3.2. Bacteriological Culture Results

Bacterial growth was detected in 537 (62.9%) out of 854 canine urine samples and
in 342 (36.7%) out of 933 feline urine samples. The total number of isolates exceeded the
number of culture-positive samples (666 canine isolates and 361 feline isolates) because a
proportion of samples yielded polymicrobial growth. The distribution of isolates by species
is presented in Table 5. Specifically, mixed (polymicrobial) infections (≥2 bacterial species
from a single urine sample) were detected in 129 dog samples and 19 cat samples, whereas
408 dog samples and 323 cat samples showed monomicrobial growth (Table 6).

https://doi.org/10.3390/microbiolres17010011
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Table 5. Species distribution of urine culture isolates in dogs and cats.

Bacterial Species Dogs Cats

Escherichia coli 322 186
Proteus mirabilis 87 15

Klebsiella pneumoniae 24 5
Enterobacter cloacae 22 3

Citrobacter spp. 4 0
Serratia marcescens 0 2

Staphylococcus aureus 11 2
Staphylococcus coagulans 0 2

Staphylococcus pseudintermedius 85 8
Staphylococcus felis 0 61

Staphylococcus saprophyticus 12 2
Enterococcus faecium 7 17
Enterococcus faecalis 47 51
Streptococcus canis 33 0
Pseudomonas spp. 12 7

Total number of isolates 666 361

Table 6. Distribution of mixed (polymicrobial) urinary infections in dogs and cats.

Bacteria Dogs Cats

E. coli and P. mirabilis 42 0
E. coli and E. faecalis 31 16

S. canis and S. pseudintermedius 24 0
E. coli and S. saprophyticus 10 0

E. coli and S. pseudintermedius 9 0
S. aureus and K. pneumoniae 7 0

E. faecalis and P. mirabilis 6 0
E. coli and S. felis 0 3

Total number of animals with mixed infections 129 19

3.3. Antimicrobial Susceptibility

Antimicrobial susceptibility profiles for Enterobacterales showed high activity of nitro-
furantoin and aminoglycosides across isolates from both dogs and cats, while aminopeni-
cillins without β-lactamase inhibition demonstrated the lowest susceptibility. Amoxicillin–
clavulanate and first-generation oral cephalosporins exhibited intermediate to high ac-
tivity, and fluoroquinolone susceptibility was moderate (Figure 2). Pseudomonas spp. re-
tained the greatest susceptibility to aminoglycosides and antipseudomonal cephalosporins,
with variable and overall lower susceptibility to fluoroquinolones and poor activity of
agents lacking Pseudomonas spp. coverage. Carboxypenicillins were inactive or min-
imally active against this genus (Figure 3). Among Gram-positive cocci, streptococci
displayed uniformly high susceptibility to β-lactams and low activity of tetracyclines,
whereas enterococci demonstrated intrinsic non-susceptibility to cephalosporins with com-
paratively favourable nitrofurantoin activity; β-lactam activity varied by species, with
higher susceptibility typically observed in Enterococcus faecalis than in Enterococcus faecium
(Figures 4 and 5). Staphylococcal isolates (including Staphylococcus pseudintermedius and
other species) showed good activity of β-lactams aligned with methicillin-susceptible
phenotypes and variable performance of clindamycin and fluoroquinolones; doxycycline
susceptibility was lower and inconsistent between species (Figure 6). Susceptibility cate-
gories were assigned according to laboratory breakpoints; only % susceptible isolates (%S)
are displayed in the heat-maps.
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Figure 2. Antimicrobial susceptibility heat-maps for Enterobacterales. The percentage susceptible
was calculated as (number susceptible/number tested × 100). The colour scale ranges from 0
to 100% susceptible and indicates the percentage of susceptible isolates: darker green denotes
higher susceptibility, whereas a shift toward red denotes lower susceptibility (higher resistance).
Values are expressed as the percentage of susceptible isolates. * Indicates that interpretive criteria
were unavailable for a given organism–drug combination and results are shown descriptively for
completeness and should not be interpreted as acquired resistance. Some 0% susceptibility values
can reflect intrinsic non-susceptibility (intrinsic resistance) of a bacterial taxon to a given agent.

 

Figure 3. Antimicrobial susceptibility heat-maps for Pseudomonas spp. The percentage susceptible
was calculated as (number susceptible/number tested × 100). The colour scale ranges from 0 to
100% susceptible and indicates the percentage of susceptible isolates: darker green denotes higher
susceptibility, whereas a shift toward red denotes lower susceptibility (higher resistance). Values are
expressed as the percentage of susceptible isolates.
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Figure 4. Antimicrobial susceptibility heat-maps for canine and feline Enterococcus spp. The percent-
age susceptible was calculated as (number susceptible/number tested × 100). The colour scale ranges
from 0 to 100% susceptible and indicates the percentage of susceptible isolates: darker green denotes
higher susceptibility, whereas a shift toward red denotes lower susceptibility (higher resistance).
Values are expressed as the percentage of susceptible isolates.

 

Figure 5. Antimicrobial susceptibility heat-maps for Streptococcus canis. The percentage susceptible
was calculated as (number susceptible/number tested × 100). The colour scale ranges from 0 to
100% susceptible and indicates the percentage of susceptible isolates: darker green denotes higher
susceptibility, whereas a shift toward red denotes lower susceptibility (higher resistance). Values are
expressed as the percentage of susceptible isolates.

 

Figure 6. Antimicrobial susceptibility heat-maps for canine and feline Staphylococcus spp. The
percentage susceptible was calculated as (number susceptible/number tested × 100). The colour
scale ranges from 0 to 100% susceptible and indicates the percentage of susceptible isolates: darker
green denotes higher susceptibility, whereas a shift toward red denotes lower susceptibility (higher
resistance). Values are expressed as the percentage of susceptible isolates.
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3.4. Statistical Analysis

When dogs and cats were analysed together, a chi-square test indicated a significant
association between season and infection count, with the fewest infections in winter and
autumn and the most in summer (χ2(3) = 7.97, p = 0.047; Cramér’s V = 0.092, small ef-
fect). No seasonal effect was detected in dogs (p = 0.242). Age correlated positively with
the number of bacterial strains cultured, with weak but significant effects in both species:
dogs r_s(723) = 0.189, p < 0.001; cats r_s(778) = 0.113, p = 0.002. Pyuria showed a strong
association with infection overall (χ2(1) = 710.48, p < 0.001; phi = 0.695) and within species
(dogs: χ2(1) = 298.10, p < 0.001; phi = 0.694; cats: χ2(1) = 382.04, p < 0.001; phi = 0.672). Animals
with pyuria were significantly more likely to be culture-positive. In dogs, hematuria was
weakly but significantly inversely associated with infection (χ2(1) = 4.58, p = 0.032; phi = 0.090),
indicating that infected dogs were less likely to have hematuria. No significant association
was observed in cats. Nitrite positivity in dipstick urinalysis was significantly associated
with bacterial growth when all samples were analysed together (χ2(1) = 66.09, p < 0.001;
phi = 0.325). In dogs, this association remained strong (χ2(1) = 65.30, p < 0.001; phi = 0.323):
nitrites were present in 16 of 317 culture-negative (5.0%) and 91 of 309 culture-positive (29.4%)
samples, indicating a moderate effect and confirming the diagnostic utility of nitrite detec-
tion for bacteriuria. In cats, however, no significant association was observed (χ2(1) = 0.69,
p = 0.41; phi = 0.03; Fisher’s exact p = 0.42). Among feline samples, nitrites were detected in
7 of 591 culture-negative (1.2%) and 5 of 262 culture-positive (1.9%) urines. These findings
suggest that nitrite testing has diagnostic value for dogs but poor sensitivity and limited
interpretive value in cats, consistent with physiological and microbiological factors such as
shorter bladder retention time and the prevalence of non-nitrate-reducing bacterial species
(e.g., Enterococcus spp. and staphylococci) in feline infections. A summary of key statistical
associations is provided in Table 7.

Table 7. Summary of key statistical associations; significant results marked with *.

Parameter Species Group Test Statistic p-Value
(* p < 0.05) Effect Size/Direction

Season vs. bacteriuria Dogs + Cats Chi-square χ2(3) = 7.97 0.047 * Cramér’s V = 0.092 (small)
Season vs. bacteriuria Dogs Chi-square — 0.242 Not significant
Age vs. no. of strains Dogs Spearman r_s(723) = 0.189 <0.001 * Positive correlation
Age vs. no. of strains Cats Spearman r_s(778) = 0.113 0.002 * Positive correlation
Pyuria vs. bacteriuria Dogs + Cats Chi-square χ2(1) = 710.48 <0.001 * phi = 0.695 (strong)
Pyuria vs. bacteriuria Dogs Chi-square χ2(1) = 298.10 <0.001 * phi = 0.694 (strong)
Pyuria vs. bacteriuria Cats Chi-square χ2(1) = 382.04 <0.001 * phi = 0.672 (strong)

Hematuria vs. bacteriuria Dogs Chi-square χ2(1) = 4.58 0.032 * phi = 0.090 (weak inverse)
Nitrite positivity vs. bacteriuria Dogs + Cats Chi-square χ2(1) = 66.09 <0.001 * phi = 0.325
Nitrite positivity vs. bacteriuria Dogs Chi-square χ2(1) = 65.30 <0.001 * phi = 0.323
Nitrite positivity vs. bacteriuria Cats Chi-square/Fisher χ2(1) = 0.69 0.41/0.42 phi = 0.03 (not significant)

Abbreviations: χ2, chi-square statistic; r_s, Spearman rank correlation coefficient; r, effect size for Mann–Whitney
U; V, Cramér’s V effect size; p, p-value.

4. Discussion
Urinalysis remains the most accessible screening tool for evaluating suspected bacterial

UTIs, but its parameters differ substantially in diagnostic yield and must be interpreted in
the context of clinical evaluation and appropriate microbiology [38]. In human medicine,
leukocyte esterase and nitrite on urine test strips provide useful rule-in information when
jointly positive, whereas isolated microscopic abnormalities are nonspecific [39] overall,
dipstick performance is imperfect across settings and cannot replace culture [40]. In
companion animals ISCAID recommends that urinalysis inform, but not replace, urine
culture with antimicrobial susceptibility testing (AST; antimicrobial susceptibility testing)

https://doi.org/10.3390/microbiolres17010011

https://doi.org/10.3390/microbiolres17010011


Microbiol. Res. 2026, 17, 11 13 of 18

whenever the pre-test probability for infection is more than trivial or antimicrobial therapy
is contemplated [7].

The present analysis identified pyuria as the strongest single correlate of culture-
confirmed infection, with large effect sizes in both species. This agrees with prior veterinary
work indicating that pyuria and bacteriuria increase the post-test probability of infection,
but that absence of pyuria does not exclude it [6], and with feline risk studies in which
inflammatory sediment findings cluster with positive cultures [41]. The clinical implication
is that the finding of pyuria, particularly when accompanied by compatible lower urinary
tract signs should prompt culture rather than empiric therapy alone.

Hematuria showed limited diagnostic utility. A weak inverse association with culture
positivity was observed in dogs, and no association was found in cats, consistent with
the well-recognised nonspecificity of hematuria across urolithiasis, sterile inflammatory
conditions, trauma, and neoplasia [42]. Hematuria should therefore not be used as an
isolated trigger for antimicrobial therapy or as evidence against infection when absent.

Urine specific gravity (USG) emerged as a meaningful urine matrix characteristic.
Lower USG was associated with higher odds of infection and more frequent crystal detec-
tion. Earlier feline studies reported lower USG among culture-positive cats relative to other
lower urinary tract disease groups, although not all cohorts have agreed [41,43]. From a
pathophysiological standpoint, dilute urine reduces bacteriostatic effects (lower urea and
osmolality), often reflects polyuric comorbidities that predispose to infection, and may
favor certain crystal types; these mechanisms plausibly account for the observed clustering
of infection with low USG [39]. In practice, low USG in a symptomatic patient should lower
the threshold for culture even if the sediment is otherwise equivocal.

Urine pH correlated weakly but significantly with the severity of bacterial growth in
dogs. This observation is compatible with infection by urease-positive organisms, notably
Proteus mirabilis and some staphylococci, which alkalinise urine and can co-promote struvite
crystallisation [39]. European surveillance confirms a non-trivial contribution of these taxa
to canine UTIs [24]. Where alkaline pH and struvite are present, nitrofurantoin should
be avoided empirically because of intrinsic resistance in Proteus [7]. In addition, alkaline
urine can reduce the antibacterial activity of nitrofurantoin; therefore, markedly alkaline
pH should further discourage empiric nitrofurantoin use pending culture results [44].

Age and sex followed expected patterns. Culture-positive animals were older
than culture-negative animals, and females were over-represented among positives in
both species, paralleling established risk gradients related to anatomy and comorbidity
burden [6,41]. A modest seasonality signal was observed, with the fewest infections in
winter/autumn and the most in summer overall; no seasonality was detected in dogs.
Seasonality is seldom quantified in small-animal UTI literature, and this pattern, although
of small magnitude may have operational relevance for scheduling follow-ups and antici-
pating culture load.

The etiologic spectrum was typical for Central Europe. Escherichia coli accounted for
approximately one-half of culture-positive cases in dogs and cats, with Enterococcus spp.,
Staphylococcus pseudintermedius, Proteus mirabilis, and members of the Klebsiella/Enterobacter
complex comprising the remainder, consistent with multi-country datasets [24]. Most
infections were mono-microbial, which simplifies empiric reasoning and aligns with routine
laboratory experience.

Resistance patterns from aggregated disc-diffusion results were clinically coherent
and broadly concordant with those reported in Central Europe. In E. coli from dogs, high
susceptibility was observed to aminoglycosides (e.g., amikacin and gentamicin) and nitro-
furantoin, with intermediate performance for amoxicillin–clavulanate and first-generation
oral cephalosporins, lower activity for ampicillin alone, and a mid-range activity for flu-
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oroquinolones. Feline E. coli demonstrated a similar pattern with particularly strong
nitrofurantoin activity. Such distributions match recent regional observations from Poland
and the broader European Union, where resistance to aminopenicillins is frequent, fluo-
roquinolone susceptibility is variable, and nitrofurantoin remains a robust cystitis option
when lower-tract disease is likely [19,24]. Proteus mirabilis exhibited the expected intrin-
sic resistance to nitrofurantoin and retained activity against several cephalosporins and
enrofloxacin, and these features align with European veterinary datasets [24]. Enterococ-
cus spp. exhibited intrinsic resistance to cephalosporins and comparatively favourable
nitrofurantoin activity, with beta-lactam responses varying between E. faecalis and E. fae-
cium, underscoring the importance of speciation when these organisms are recovered [7].
Streptococcus canis in dogs remained highly susceptible to beta-lactams, while showing
strikingly low doxycycline activity, cautioning against the use of tetracyclines for presumed
streptococcal cystitis. Pseudomonas spp. displayed the familiar phenotype of high suscepti-
bility to aminoglycosides and anti-pseudomonal cephalosporins with variable and in some
instances poor enrofloxacin activity; empirical coverage should therefore be avoided unless
dictated by severity, with rapid de-escalation to culture results [45]. For interpretive clarity
in the narrative, we use descriptive categories based on the proportion susceptible—high
(≥90% susceptible), moderate (70–89%), and low (<70%)—without implying formal resis-
tance thresholds. We also explicitly note that several drug classes included for monitoring
(e.g., carboxy- and ureidopenicillins, cephalosporins combined with β-lactamase inhibitors,
carbapenems, and oxazolidinones) are restricted for human use and not allowed for veteri-
nary treatment in the EU [46].

Urine collection methods shape interpretation and stewardship. When culture or
AST is planned, cystocentesis is preferred in both species to minimise contamination.
Free-catch samples are acceptable for screening, but cannot confirm infection and are not
suitable for culture. Catheterisation in dogs is acceptable with an appropriate technique;
in cats, catheterisation should be reserved for specific indications [7]. These principles
should be paired with short-course, narrow-spectrum empiric therapy only after sampling,
in line with ISCAID recommendations and European antimicrobial-use audits, which
document the frequent empiric use of amoxicillin–clavulanate and fluoroquinolones, as
well as excessive reliance on third-generation cephalosporins [47]. Given the susceptibility
patterns observed, many uncomplicated lower UTIs could be managed pending culture
with amoxicillin–clavulanate or trimethoprim–sulfonamide for three to five days, reserving
fluoroquinolones and third-generation cephalosporins for pyelonephritis, prostatitis, or
culture-directed indications [7,24]. Nitrofurantoin is a viable option for lower-tract E. coli
cystitis—particularly in cats—assuming the absence of upper-tract involvement and Proteus
spp. infection. The risk of recurrence or ascending infection is low, and owners should be
counselled regarding appropriate dosing and tolerability.

Whether Gram status can be inferred from urinalysis alone remains uncertain. Alka-
line pH with struvite crystals increases the likelihood of urease-positive Gram-negative
bacilli such as Proteus, and the presence of cocci on sediment may suggest Gram-positive
organisms; however, overlap is substantial, microscopy is operator-dependent, and ster-
ile feline lower urinary tract disease often confounds interpretation [5]. Consequently,
while urinalysis can inform empiric choices, definitive organism identification and AST
remain essential.

Limitations of this study should be acknowledged. First, this was a retrospective analysis
of laboratory submissions, and detailed clinical metadata (e.g., sporadic vs. recurrent infection,
uncomplicated vs. complicated disease, lower vs. upper tract involvement, comorbidities,
prior antimicrobial exposure, and urine collection method) were not consistently available,
which limits treatment-context inference. Second, urinalysis results were available only
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for a subset of submissions (i.e., those for which urinalysis/UACR was requested and/or
complete data were available), and exact pre-analytical conditions (collection-to-analysis time,
storage, and transport) were not uniformly documented. Therefore, correlations between
urinalysis parameters and bacteriuria should be interpreted cautiously. Third, a proportion of
positive cultures were polymicrobial (129 dogs and 19 cats), increasing the total number of
isolates relative to culture-positive samples; the presence of mixed growth may reflect true co-
infection or, in some cases, contamination, and could influence both urinalysis correlations and
antimicrobial susceptibility summaries. Fourth, susceptibility was assessed by disk diffusion
and categorised using veterinary CLSI criteria when available and human CLSI criteria
when not; for some taxa (e.g., non-aureus/non-pseudintermedius staphylococci) validated
veterinary breakpoints are lacking and surrogate criteria were applied for descriptive purposes.
Finally, the antimicrobial panel included agents that are considered last-resort or inappropriate
for routine companion-animal UTI management (e.g., carbapenems, linezolid, rifampicin);
these were included for surveillance and are not advocated as empirical options.

Beyond optimizing empiric selection and de-escalation, there is a growing need for in-
novative strategies to address Gram-negative resistance. One approach is the “Trojan horse”
concept, where antibiotics are conjugated to siderophores to hijack bacterial iron-uptake
systems and enhance intracellular delivery [48]. Another emerging direction involves
targeting bacterial metallophore pathways required for metal acquisition and virulence,
offering potential new drug targets and antibiotic classes [49].

A practical synthesis of these findings suggests that certain demographic and analyti-
cal profiles should prompt timely culture and AST, particularly when antimicrobial therapy
is being considered, when infection is recurrent/complicated, or when systemic illness
suggests upper-tract involvement. Table 8 summarises profiles that, based on observed as-
sociations and the literature, support urine culture with quantitative bacterial count, species
identification, and AST, alongside cautious provisional expectations for likely pathogens
and narrow-spectrum, short-course empiric options after sampling while awaiting results.

Table 8. Profiles linking urinalysis findings to likely bacterial pathogen groups and recommended
first-line, short-course empiric therapy.

Species
Profile Indicating High

Likelihood of Infection and
Need for Culture

Provisional Organism
Expectation (Cautious)

Empiric Option After Sampling (Short Course if
Uncomplicated)

Dog

Older female with
dysuria/pollakiuria, pyuria
present, USG < 1.020,
pH ≤ 7.0, no crystals

Enterobacterales dominated by
Escherichia coli

First-line (if uncomplicated): amoxicillin (preferred) or
trimethoprim–sulfonamide (TMS), guided by local AST; avoid
empirical fluoroquinolones. Consider nitrofurantoin only when
amoxicillin/TMS are not appropriate and lower-tract disease is
likely (and Proteus is unlikely) [7,19,24].

Dog
Any sex with pyuria, USG
low-normal, pH ≥ 7.5 with
struvite

Proteus mirabilis
(±staphylococci)

Amoxicillin (preferred) or a first-generation oral cephalosporin;
consider amoxicillin–clavulanate if prior antimicrobial
exposure or β-lactamase risk; avoid nitrofurantoin (predictable
Proteus non-susceptibility) [7,24].

Dog
Systemic signs (fever, flank
pain) or relapse after recent
fluoroquinolone

Enterobacterales; Pseudomonas
spp. possible

Hospital management; parenteral anti-pseudomonal β-lactam
or aminoglycoside only if severity dictates; de-escalate
promptly to culture [7,45].

Cat

Senior female with subtle
lower urinary signs, pyuria
present, USG < 1.030, nitrite
may be negative

Escherichia coli; Enterococcus
spp. considered in seniors

First-line (if uncomplicated): amoxicillin (preferred) or
trimethoprim–sulfonamide (TMS), guided by local AST.
Consider nitrofurantoin only when amoxicillin/TMS are not
appropriate and lower-tract disease is likely (and Proteus is
unlikely) [6,7,19,24].

Cat Any age with pyuria and
pH ≥ 7.5 with struvite

Proteus spp. or staphylococci
are more likely than baseline

Amoxicillin (preferred) or a first-generation oral cephalosporin;
consider amoxicillin–clavulanate if prior antimicrobial
exposure or β-lactamase risk; avoid nitrofurantoin [7,24].

Cat or
Dog

Pyuria present with cocci on
sediment; dermatologic
history or prior antibiotics

Streptococcus canis,
Staphylococcus spp.

A beta-lactam (e.g., amoxicillin or cephalexin); avoid
doxycycline for suspected streptococcal cystitis, given poor
activity in the present set.
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Drawing on these findings, the following step-by-step clinical decision pathway is
proposed. Presentation with compatible lower urinary tract signs prompts immediate
collection of urine by cystocentesis whenever culture may be needed. If cystocentesis is not
feasible, screening by free-catch can be performed, with culture deferred until a cystocente-
sis sample is available. Urinalysis is performed without delay, with documentation of USG,
pH, leukocytes, erythrocytes, crystals, and sediment morphology, and with consideration
of test-strip nitrite and leukocyte esterase. The presence of pyuria, or a low USG with
compatible signs, or an alkaline pH with struvite crystals, should prompt submission of
urine for culture with AST. When antimicrobial therapy cannot be deferred after sam-
pling, a first-line oral agent aligned with local susceptibility should be selected. Typically
amoxicillin (preferred) or trimethoprim–sulfonamide for suspected uncomplicated lower
UTI and nitrofurantoin considered only when first-line options are not appropriate and
lower-tract Escherichia coli cystitis is presumed without evidence of upper-tract disease
or urease-positive organisms. Fluoroquinolones and third-generation cephalosporins are
reserved for pyelonephritis, prostatitis, or culture-directed indications. Clinical response is
reassessed within forty-eight to seventy-two hours, and therapy is adjusted or de-escalated
to the shortest effective course once culture and AST are available.

5. Conclusions
In conclusion, pyuria was confirmed as the most decisive routine marker of bacterial

infection in dogs and cats, whereas hematuria alone remained uninformative. Low urine
specific gravity was identified as an independent, practice-relevant risk signal that should
lower the threshold for culture, and a modest overall seasonality of UTIs was observed,
which may have operational implications. The etiologic spectrum was dominated by
Escherichia coli, and the susceptibility profile supported the restrained, first-line use of
amoxicillin–clavulanate or trimethoprim–sulfamethoxazole and, in selected lower-tract
cases, nitrofurantoin, while avoiding nitrofurantoin where Proteus was likely and avoiding
routine empirical use of fluoroquinolones or third-generation cephalosporins. These con-
clusions address two common problems: missed infections in dilute urine with minimal
sediment activity, and unnecessary exposure to broad-spectrum agents when narrow, short-
course options are sufficient. Adoption of these recommendations should improve clinical
outcomes while advancing antimicrobial stewardship in routine small animal practice.
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