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KEY POINTS

� Innate immune mechanisms are the primary defense of the lower urinary tract against
symptomatic urinary tract infection.

� There are several options for in-house testing for urinary tract infection; however, many
have been found to have drawbacks and must be carefully implemented.

� Asymptomatic bacteriuria is not an indication for treatment with antimicrobials and doing
so may increase the risk of clinical infection as well as antibiotic resistance.

� Bacterial interference hold promise among several antimicrobial sparing treatments for
urinary tract infection.
INTRODUCTION

Urinary tract infection (UTI) is a common diagnosis in companion animal practice. The
incidence of UTI in the dog over its lifetime has been reported to be 14%1 and in cats
has been reported to be between 3% and 19%.2–4 There are several factors thought to
influence the risk of UTI in both species, including sex, age, comorbidities, and func-
tional abnormalities of the lower urinary tract (LUT). There has been rising interest in
characterizing the relationship of these risk factors to the development of UTI and
bacteriuria. Point-of-care diagnostic testing for UTI has been evolving and improving
therapeutic accuracy. A better understanding of the defense mechanisms of the LUT,
the behavior of uropathogenic bacteria, and a growing awareness of the dangers of
antimicrobial resistance have led to changes in the recommendations for diagnosis
and treatment of UTI in dogs and cats.
Most of the UTIs in dogs and cats (w75%) involve a single agent, with Escherichia coli

being responsible for up to half of the infections in dogs. This gram-negative organism is
also the most common pathogen in cats (60%), with Staphylococcus felis being the
most common Gram positive in that species.5,6 A recent review from Italy found that
gram-negative infections were more common than Gram positive and that there was
more resistance to cephalosporins among these isolates than expected.7
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INNATE AND ADAPTIVE IMMUNITY OF THE BLADDER AND LOWER URINARY TRACT

The LUT has several mechanisms of defense against bacterial colonization. The innate
immunity of the LUT is much better understood, and may be more important, than the
adaptive immune functions. Prevention of ascending infection and mechanical removal
of bacteria occurs in the ureters and bladder through the pulsatile flow of urine from the
renal pelvis and the high shear flow of bladder voiding. In addition, there are several anti-
microbial peptides that are expressed in the LUT, some in response to bacterial pres-
ence such as lipocalin-2, which prevents bacterial access to important mineral
stores. The activation of the complement cascade and recruitment of neutrophils are
also important parts of the LUT defenses. There is some evidence that if the host
response is too vigorous and the development of inflammation too severe, there can
be enough mucosal injury to take an acute UTI to a chronic state of inflammation and
recurrent infections.8,9 Immunocompromised mice that cannot mount a lymphocytic
response in the LUT are also resistant to development of chronic cystitis. The addition
of nonsteroidal antiinflammatory drugs (NSAIDs) in immunocompetent mice with recur-
rent UTI has shown to reduce this risk, even in animals with significant tissue injury.10

PATHOPHYSIOLOGY OF BACTERIAL CYSTITIS

The primary source of bacteria invading into the LUT is the colon and skin. The prox-
imity of the rectum to the vulva makes this more common in female dogs and cats than
in males. As in humans, the most common bacteria isolated from UTIs in the dog is
E coli, followed by Staphylococcus species, Proteus, and Klebsiella. Enterococcus
is often found as well, but most commonly as a secondary organism and will likely
be cleared with treatment of the primary infection. Cats with UTI are primarily infected
by E coli, followed by Enterococcus faecalis and S felis.
Bacteria in the LUTprimarily exist in 2 forms, theplanktonic state and thebiofilm,which

are phenotypically distinct and have differing host interactions and effects. Planktonic
bacteria are freeswimming in theurineandnot adhered toanysurface. Theyaregenerally
more susceptible to many of the bladder defense mechanisms as well as antimicrobials
but theyalsoexpressdifferent typesofpili or fimbriae that facilitateadherence to inert and
biological surfaces. Biofilms are structured communities of microorganisms within an
adherent gel-like polymer, secreted by the organisms themselves.11 They can form on
the urothelium of the LUT or on inert surfaces such as urinary catheters and surgical im-
plants. Biofilms are a frequent source of recurrent UTI in humans with indwelling cathe-
ters, and they present a challenge in dogs and cats with ureteral stents and
subcutaneous ureteral bypass systems. The biofilm provides protection from antimicro-
bial substances through several mechanisms including decreased penetration, slow
growth state of the bacteria, alterations in gene expression that confers resistance,
and antibiotic binding/inactivation by polysaccharides in the matrix.11,12

Biofilms on inert surfaces begin with the formation of a “conditioning film” of com-
ponents within the urine such as proteins and fibrinogen, which provide receptor sites
for bacterial adhesins to attach. The bacteria sense the presence of an inert or biolog-
ical surface through alterations in the concentration gradients of released signal mol-
ecules as they near it. A reversible adhesion of the bacteria occurs when the surface is
encountered, which becomes irreversible with the formation of the biofilm structure.
The biofilm is around 10% to 25%bacteria and 75% to 90%polysaccharide and water
matrix with nutrient transport channels.11

The most widely studied bacterial biofilms in the urinary tract are those produced by
uropathogenic E coli (UPEC). In the bladder, these bind to uroepithelial cells via uro-
plakins and a3b1integrins, which triggers neutrophil influx into the bladder lumen.
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The host responds to interactions of the superficial epithelium with bacterial Type 1
fimbriae by triggering exfoliation of the epithelial cell with the attached bacterium
and subsequent removal with the next urination. Some UPEC survive this defense
mechanism by moving intracellularly and replicating to form intracellular bacterial
communities. These can lay dormant or release back into the urine to resume a plank-
tonic state and start the cycle over again. These IBCs survive by producing toxins and
proteases that release nutrients from host cells and siderophores to retrieve seques-
tered iron stores as well as by inducing antimicrobial efflux pumps. The bacteria are
safe from antimicrobial exposure but can trigger an innate immune response that in-
volves expulsion of the organism by the host cell.9 Some UPEC have the ability to
establish deeper colonies in the bladder interstitium called quiescent intracellular res-
ervoirs where they can stay dormant for months before reactivation. Some bacteria,
such asProteus spp., will create a crystalline biofilm structure by producing urease
and inducing struvite precipitation around the organism.9

RISK FACTORS

Whatever the organism, its ability to gain entrance to the LUT depends on an
increased affinity for the environment of the bladder or a weakened host defense
(Box 1). As noted earlier, female dogs and cats are at increased risk. One study in
cats found females were 3.5 times more likely to develop an UTI than males. Several
studies demonstrated an increased risk with increasing age and decreasing body con-
dition score.2,13,14 The inability to completely empty the bladder during micturition due
to neurologic disease,15presence of urolithiasis, urinary incontinence, and immuno-
suppression have all been implicated as increasing risk of UTI in dogs and cats. Glu-
cosuria has been shown to predispose dogs to emphysematous cystitis, a severe
bladder infection with gas-producing organisms, but not to other types of UTIs.16

It has been a long held belief that decreased urine osmolality (ie, lower urine specific
gravity) increased the risk for UTI due to dilution of substances that made urine a harsh
environment for bacteria to grow. However, in recent years, this has been called into
question because studies in cats have been unable to show a correlation with either
clinical UTI or subclinical bacteriuria (SCB).13 Dogs with a decreased urine specific
gravity associated with hypercortisolism or diabetes mellitus did not seem to have
an increased risk of UTI compared with those with more concentrated urine.17 One
recent in vitro study did note an increased ability to grow E coli in dilute urine,
Box 1

Identified risk factors for urinary tract infection and asymptomatic bacteriuria in dogs and cats

A list of some of the risk factors identified in dogs and cats for UTI and ASB.
Female sex (D, C)
Increased age (D, C)
Decreased body condition score (D, C)
Anatomic abnormality of the LUT (D, C)
Functional abnormality of the LUT (D, C)
Inability to empty the bladder (D, C)
Urinary incontinence (D)
Urolithiasis (D, C)
Chronic kidney disease (D, C)
Hyperthyroidism (C)
Recent antibiotic use (D)
Immunosuppression (D)

Abbreviations: C, cat; D, dog.
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particularly if the urine was of acidic or neutral pH.18 Further investigation is needed to
determine the properties of urine that are most important as defenses against clinical
UTI in the cat and dog.
The presence of a comorbidity may increase risk of UTI or SCB. In a recent study,

among 194 cats with a positive urine culture, 78% had a comorbidity such as hyper-
thyroidism or chronic kidney disease (CKD). This study also found that cats with
comorbidities were more likely to have SCB and those that were otherwise healthy
were more likely to demonstrate clinical signs of infection.4 The type of bacteria
was also influenced by the presence of comorbidities. Healthy cats tended to have
more Staphylococcus and Streptococcus spp. growth, whereas the cats with other
systemic disease had more frequent E coli growth. There is some evidence that
cats with CKD may have a higher incidence of SCB; however, this needs to be inves-
tigated further.14 One study found that 17% of dogs with CKD had a positive urine cul-
ture, and of these, 45% were asymptomatic. It has been reported that in the healthy
dog population, 2% to 9% of dogs have SCB, so it seems that CKD is associated
with increased risk of SCB in dogs.19 Whether this also indicates an increased risk
for UTI has not been fully determined.
There is little information regarding the risk of UTI or SCB in dogs and cats that are

treated with immunosuppressive drugs. Cyclosporine was shown to increase the inci-
dence of SCB but not UTI in dogs treated for dermatologic disease with or without
glucocorticoid therapy.20 A similar study in cats found no association of glucocorticoid
treatment, with or without cyclosporine, with either SCB or UTI.21 It is not known
whether the immunosuppression in the dogs prevented clinical signs of UTI by
reducing the inflammatory response in the bladder or whether there were truly fewer
uropathogenic colonizations. Anecdotal evidence suggests an increased risk of fungal
cystitis, but the literature is limited to case reports.
SUBCLINICAL BACTERIURIA

There has been increased attention paid to what was once referred to as “occult UTI”
but is now recognized as a subclinical bacteriuria. It has been recognized that the LUT
is not a sterile site, and the urinary microbiome has begun to be defined in the dog;22

however, most culture techniques of clinical urine samples are not sensitive enough to
detect its components. Beyond the microbiome, there are a subset of dogs and cats
that have a positive urine culture but do not have clinical signs of disease. In vitro and
in vivo studies suggest that the host may have a genetic predisposition to a low
response of the innate immune system to some of these bacterial strains.23 Asymp-
tomatic bacteriuria in humans is defined as the presence of bacteria with or without
pyuria and lacking clinical signs associated with UTI, such as stranguria, pollakiuria,
or suprapubicpain.24 Standard of care is not to treat these patients with antimicrobial
therapy unless they are pregnant or having invasive urinary procedures performed.
There is strong evidence that the treatment of SCB does not decrease, and may in-
crease, the risk of clinical UTI. It also promotes the development of antimicrobial resis-
tance at a time when this is becoming a globally recognized problem.25 Despite these
guidelines, a recent study found that 17% of human hospital in-patient prescriptions of
antimicrobials were for the treatment of SCB.24

The veterinary guidelines on treatment of UTI in cats and dogs indicate that SCB
should not be treated.26 The definition of SCB in dogs and cats has been under
some debate. The potential for an owner to miss signs of discomfort and the subtlety
of some clinical signs may lead to underdiagnosis of true UTI. In addition, there is a
subset of patients, such as those with neurologic disease, which may not have enough
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sensory or motor function to display such clinical signs as stranguria or pollakiuria. It
has been argued that the presence of pyuria should be considered a “clinical sign” in
patients with otherwise asymptomatic bacteriuria and that these cases be treated as
UTIs. On the other hand, there is currently no evidence that those dogs and cats with
pyuria and bacteriuria that go untreated will develop worse outcomes, even in the
presence of comorbidities such as diabetes mellitus or CKD.2,4,27 A recent study indi-
cated that treatment of UTI in dogs was the source of approximately 12% of oral anti-
biotic prescriptions in veterinary practice in the Netherlands.28 With more attention to
the recommendation to withhold treatment of SCB, and a better understanding of the
drawbacks associated with unrestrained antibiotic use, the veterinary community has
a chance to reduce the risk of antimicrobial resistance development.
CLINICAL SIGNS AND DIAGNOSTIC TESTING

A thorough history is important when assessing a dog or cat for UTI. The most com-
mon clinical signs associated with UTI are pollakiuria, stranguria, and hematuria. Fever
is rarely found unless the animal has prostatitis or pyelonephritis. It is important to
distinguish pollakiuria (small frequent urinations), in which the inflamed bladder will
become painful with even small amounts of distension, and behavioral marking, in
which the animal can hold urine and fill their bladder for an appropriate amount of
time between urinations. Patients may exhibit discomfort on palpation of the bladder
or around the kidneys or prostate if they have pyelonephritis or prostatitis associated
with the UTI. Many dogs and cats will overgroom their genitalia or caudal abdomen
when an UTI is present, potentially contributing to irritation of the penis or vulva that
may be related to the underlying infection.
Diagnostic testing for UTI starts with a complete urinalysis, including specific

gravity, urine chemistry, and wet-mount, unstained sediment examination under mi-
croscopy. The individual parts of the urinalysis have variable values in detecting an
UTI in small animals. Urine specific gravity has not been shown to be a reliable indi-
cator of an UTI in the cat13 nor is it cost-effective to reflexively perform cultures on
dilute dog urine if pyuria is not detected.29 The urine dip strips used in evaluating
urine chemistry are less accurate in detection of UTI in small animals than in humans.
The nitrite test pads on some urine dip strips test for the presence of nitrate-
converting Gram-negative bacteria in human urine. Unfortunately, the test is not reli-
able in companion animals. The leukocyte esterase test pad detects esterases in
granulocytes; however, there is a high false-negative rate in dogs and a high false-
positive rate in cats.30

The urine sediment evaluation is the most valuable portion of the urinalysis in detect-
ing an UTI in the dog and cat. The combination of pyuria (>3–5 WBC/hpf) and bacte-
riuria on a urine sediment leads to a high index of suspicion for UTI. Unfortunately, the
detection of bacteria on unstained wet-mount sediments is fraught with problems. The
modified Sternheimer-Malbin urinary stain (Sedi-Stain, Becton Dickinson) is useful to
highlight red and white blood cells and casts; however, it only stains dead bacteria,
and bits of debris can be mistaken for organisms.31 Several studies have found that
examination of wet-mount preparations in both dogs and cats will overestimate the
presence of bacteria in a urine sample. Gram staining and Wright-Giemsa staining
of dry-mount preparations were found to have a higher specificity and positive predic-
tive value in both dogs and cats.32 In another study, the wet preparations of cat urine
were found to have a sensitivity of 76% and specificity of 57%, whereas Wright-
stained preparations had a sensitivity of 83% and a specificity of 99%.31 In cats, it
seems there are fewer false negatives than false positives using wet-mount, unstained
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preparations.33 In dogs, wet-mount preparations were found to be inferior to Gram
stain preparations, with a specificity of 66% versus 100%. Similar to the studies in
cats, the wet-mount preparations had a 77% sensitivity, whereas the Gram-stained
samples had a 96% sensitivity.34 Although Wright-Giemsa and Gram staining of sam-
ples takes more time than preparing an unstained sample, it may reduce unnecessary
culture and/or prescribing of antimicrobials in both dogs and cats.
The veterinary community has become more aware of the need for a reliable, rapid,

and cost-effective point-of-care test for UTI in dogs and cats beyond the urinalysis.
Several of these “bedside” diagnostics were developed for use in humans, and
some have been investigated for use in dogs and cats. One test (AccutestUriscreen,
Jant Pharmaceuticals), based on the presence of catalase in host cells as well as in
many uropathogenic bacteria, was found to have an overall sensitivity of 89% and
specificity of 71% in dogs and cats; however, it was still out-performed by the stained
urine sediment examination.35 A rapid immunoassay that differentiated between
Gram-positive and Gram-negative bacteria in urine was evaluated in the dog and
cat (RapidBac Vet, Silver Lake Research Corp).36,37 It was found to have a 97% sensi-
tivity and 99% specificity in dogs and a 79% sensitivity and 98% specificity in cats.
The ability to determine gram-stain status of the bacteria is helpful to the clinician
when choosing an appropriate antimicrobial without the benefit of a culture and anti-
biotic sensitivity profile. This diagnostic test may be useful in determining whether to
perform a urine culture, especially in patients with sterile inflammatory urinary tract
disease, such as cats with feline idiopathic cystitis.
Performance of in-house culture may also improve the ability of veterinarians to

more accurately and cost-effectively diagnose and treat UTIs in dogs and cats. A urine
culture paddle system (UriCult, LifeSign) was evaluated in dogs and cats and was
noted to have a sensitivity and specificity of 89% to 97% and 99%, respectively for
detection of bacteriuria; however, pathogen identification was only 76% accurate. It
was also less accurate in samples with a low bacteria count. The investigators
concluded the system may be of use but that the 24-hour wait time for test results
was still not ideal.38 Finally, a divided plate culture system (Flexicult Vet, Statens
Serum), was evaluated on dog and cat urine samples.39,40 Two studies found that it
was highly sensitive and specific for detection of bacteriuria (sensitivity of 83% and
specificity of 100%); however, the species identification accuracy was only 53%
and highly depended on observer training. As with other culture systems, the delay
in determining the presence of bacteria is less cost-effective if the test is unable to
accurately identify the organism or determine its antimicrobial susceptibility. It is
also important to remember that the accuracy of a test somewhat depends on the
index of suspicion when performing it.
UNCOMPLICATED URINARY TRACT INFECTION

An UTI with clinical signs is generally considered “simple uncomplicated” or “compli-
cated”. Simple uncomplicated UTI is defined as occurring in an otherwise healthy pa-
tient with fewer than 3 episodes per year, no recent history of antimicrobial use, and
a lack of underlying anatomic abnormalities of the LUT. Based on International Society
for Companion Animal Infectious Disease (ISCAID) guidelines, the diagnosis of uncom-
plicated UTI includes the presence of clinical signs and a urinalysis with pyuria and
bacteriuria. The guidelines recommend a quantitative urine culture be performed with
suspected simple uncomplicated UTI.26 Cultures should be performed on samples
collected via cystocentesis or sterile catheterization. Free catch samples are only of
value if the culture is negative. ISCAID guidelines recommend initial treatment of simple
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uncomplicated UTI be with amoxicillin or trimethoprim-sulfonamide for 7 days.26 Little
additional intervention is needed if clinical signs resolve during treatment.

COMPLICATED URINARY TRACT INFECTION

Complicated UTI involves an anatomic or functional problem with the LUT or a comor-
bidity that will increase the risk of UTI in a patient, including recent antibiotic use.
Recurrent UTI is defined as 3 or more UTIs in a 12-month period and is generally clas-
sified as either relapse or reinfection. Relapse is infection with the same organism
within 6 months of a treated UTI, either because there is continued exposure to that
particular organism or because there is a nidus of infection that has not been cleared
or addressed. Reinfection is the recurrence of an UTI with what is presumed to be a
different organism and is likely due to host factors such as impaired immune defenses
or increased risk of infection. These can be difficult to distinguish, especially if the
same species of bacteria is always present. Evaluation of the susceptibility pattern
can help, but there can be drift in the susceptibility over time depending on selection
pressures on the bacteria.26 Few practitioners perform the DNA analysis that will verify
reinfection with the same strain of bacteria.
The ISCAID working group recommends a urine culture on all patients with a

complicated UTI.26 In addition, an evaluation of the underlying comorbidities or func-
tional/anatomic abnormalities should also be undertaken to determine if they are
correctable. Improved control of hyperadrenocorticism, correction of ectopic ureters,
and medical management of urinary incontinence can all decrease the frequency of
complicated UTI. If the underlying cause is not apparent, imaging and potentially
cystoscopic evaluation may be needed to find the abnormality.
Treatment of a complicated UTI should be delayed until a culture and antibiotic sus-

ceptibility evaluation is completed, if possible. This will help avoid development of
resistance. Symptomatic treatment with NSAIDs or other pain control may be needed
to bridge this time and keep the patient comfortable. If an antibiotic must be started
before the results are reported, it is advised to choose either amoxicillin or
trimethoprim-sulfonamide, as for a simple uncomplicated UTI. Some classes of drugs
are present in higher concentrations in the urine than in the plasma. When choosing
from the antibiotics that the bacteria are susceptible to, these should be given greater
consideration, because the concentrations that the bacteria are tested against are
related to plasma levels of the drug, not the urine concentration, and there is a signif-
icant difference, particularly with penicillin and fluoroquinolones. This can be espe-
cially important in cases of resistant bacterial UTI, where an intermediate
susceptibility to one of these drugs may mean susceptibility at the levels achieved
in the urine. Generally, treatment of complicated UTI is for 4 weeks. There is little ev-
idence of the use of antibiotics flushed into the bladder as a treatment for bacterial
UTI; however, it may be part of treatment for fungal UTI.
Monitoring of treatment of complicated UTI is important and consists of a urine cul-

ture 7 days after starting antibiotic therapy and 1 week after completing it. Treatment
failure indicates a need for additional diagnostic investigation, as long as client (and
patient) compliance have been established. It is not appropriate to simply choose a
more broad spectrum antibiotic without looking into why the bacteria failed to clear
when it was susceptible in vitro.

PREVENTION

The most important part of preventing an UTI is to eliminate predisposing and compli-
cating conditions. In some patients, this is not possible, and clinicians must consider
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options for preventing infection. These include prophylactic antibiotics, nonantimicro-
bial inhibitors of infection, and the introduction of competitive, nonpathogenic bacteria.

Prophylactic Antibiotic Therapy

Few studies have evaluated the effectiveness of continuous low dose or pulse anti-
biotic therapy for the prevention of UTI in dogs and cats. One study compared the
use of a short-acting (cefazolin) and long-acting (cefovecin) cephalosporin periopera-
tively on dogs undergoing hemilaminectomy on the incidence of postoperative UTI. No
difference was found between the 2 groups.41 Current ISCAID guidelines do not
recommend the use of low dose or pulse antibiotic prophylaxis in dogs and cats for
prevention of UTI.26

Cranberry

Type A proanthocyanidins are a class of chemicals found in cranberry extract. They
have been demonstrated in vitro to inhibit the E coli P fimbriae adherence to the uroe-
pithelium.42 This has been shown to be effective against E coli isolated from dogs and
prevents attachment to canine uroepithelium; however, in vivo efficacy has been disap-
pointing.43 In a recent study evaluating the use of cranberry extract versus placebo in
dogs with thoracolumbar disc herniation, no difference in the incidence of UTI was
found; however, there was a suggestion that antiadhesion activity in the urine may
have a protective effect.43 Similar results have been found in people with recurrent UTI.

Mannose

E.coli that are pathogenic to the urinary tract (UPEC) express type 1 pili, which have a
fimbriae H (FimH). This mediates the adherence of the bacterium to the uroepithelium
via the oligomannosides of uroplakin1alectin. R-D mannosides block the adhesion of
FimH in both the urothelium and the endometrium in animal models and is well toler-
ated. Although there are no randomized controlled trials in dogs or cats, such studies
in people have had promising results.42

Probiotics

Women with UTI have a very different vaginal microbiome from those without one. In
people, the use of probiotics to “normalize” the vaginal flora has proved successful in
managing chronic and recurrent UTI. However, this approach does not seem to be as
successful in dogs and cats. It may be due to the similarity of the vaginal microbiome
in dogs with and without UTI. The maintenance of a healthy LUT and prevention of UTI
in the dog is likely less dependent on the vaginal flora.44 Probiotics have not been
extensively evaluated in dogs or cats as a preventive measure for UTI; however,
this evidence suggests they may be less useful than in people.

Bacterial Interference

Several strains of E coli isolated from chronic subclinical infections have been evalu-
ated for protection against UPEC strains in animal models and in humans. There is
evidence that in people, deliberately induced bacteriuria with these nonpathogenic
strains may protect patients with incomplete bladder emptying from recurrent
UTIs.45 It is thought that these low-virulence nonpathogenic bacteria compete with
and decrease the risk of colonization with more pathogenic organisms, although the
mechanism is undetermined.5 One study evaluated the effect of E coli 2 to 12 strain
in 9 dogs with recurrent UTI. Four of these dogs achieved clinical cure of active infec-
tion and 3 of those had no recurrence of UTI. The biggest challenge in the use of this
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therapy is maintaining the bacteria in the bladder once it is healthy.46,47 Further inves-
tigation of this novel therapy in dogs and cats with recurrent UTI is warranted.

SUMMARY

There are new paradigms in the way we define, diagnose, and treat UTI in dogs and
cats. The need for antibiotic stewardship and the recognition of SNCB in our patients
is driving much of this change. New findings about the host response to colonization
and better understanding of the planktonic and biofilm states of bacteria have
revealed potential new antibiotic–sparing options for the future.
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