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Canine cystitis — diseases, causes and treatments
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Cystitis — inflammation of the wall of the urinary bladder —is a common problem seen in

canine patients in general practice, with 14% of all dogs acquiring a bacterial cystitis in their
lifetime™.
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Figure 1. Common factors that may indicate the presence of a complicated UTI.

Unlike cats, in which most cases of cystitis are idiopathic and sterile, bacterial infection is the most
common cause in dogs. Typical clinical signs include dysuria/stranguria, haematuria and
pollakiuria. Pollakiuria was the most common clinical sign reported by Westropp et al>. However,
some bacterial urinary tract infections (UTIs) can be asymptomatic.

Other causes of cystitis include urolithiasis/crystalluria, bladder neoplasia and prostatic disease,
and can be drug-induced. Some cases can develop profound wall changes, such as is seen in
polypoid and emphysematous cystitis.

Diagnosis

Initial investigations will depend on the signalment and clinical exam findings. In most cases, the
initial investigations are urinalysis and urine culture.

Bacterial culture and antibiotic sensitivity testing are considered the gold standard in diagnosing a
UTI and, of course, help direct appropriate antibiotic treatment. The most commonly isolated
bacteria in cases of canine UTIs are Escherichia coli, followed by Streptococcus species®®. If
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outward signs of comorbidity exist, such as an endocrinopathy — for example,
hyperadrenocorticism or diabetes mellitus — then specific testing for these conditions is warranted.
Imaging of the urinary tract is also recommended in atypical or recurrent cases.

It is important to recognise urine culture will not aid in discerning between a UTI and an
asymptomatic bacteriuria. In one study, the prevalence of asymptomatic bacteriuria was 25% in
morbidly obese, but otherwise healthy, dogs®.

The treatment of asymptomatic UTIs in dogs is still a contentious subject in veterinary medicine,
with limited data to inform on appropriate management. In human medicine, most asymptomatic
infections are not treated, but this can depend on individual patient factors — for example, pregnant
women are often treated due to the risk of development of pyelonephritis and subsequent impacts
on their unborn child®.

The distinction between asymptomatic bacteriuria and a UTI can be made on the basis of present
clinical signs and may be assisted by a urine sediment examination, which should be performed as
soon as possible after sample collection, as cells and casts will rapidly start to degrade and
bacteria may multiply.

It should be noted different patients will display clinical signs to different extents, while owners may
be variably reliable in their observation of their pet’s clinical signs.

Most often, diagnostic samples for culture must be posted to the laboratory and, thus, emerges the
guestion of which tube to use — plain, or with boric acid. Evidence suggests using a plain, sterile

tube is preferable, with greater sensitivity and similar specificity to cultures obtained from samples
in boric acid tubes for samples collected in a sterile manner, via cystocentesis’.

Classification of UTlIs
Uncomplicated UTI

An uncomplicated, or simple, UTI has no underlying cause — the dog is otherwise healthy, with a
normal urogenital tract — and does not occur more frequently than every four to six months.

Complicated UTI

In complicated UTls (Figure 1), an underlying abnormality exists that predisposes the dog to
develop a UTI or fail treatment. This can include abnormal function or anatomy of the urogenital
tract, or concurrent diseases, all of which may predispose the dog to acquire a UTI or make
resolution difficult.

Entire male dogs are always considered to have a complicated UTI due to possible involvement of
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the prostate®. Often, UTIs are also considered complicated if the infectious agent is an
antimicrobial-resistant bacteria and if the infection involves the upper urinary tract (pyelonephritis)®.

Reasons for treatment failure

Figure 2. Right lateral plain abdominal radiograph of a dog with emphysematous cystitis. Note the
presence of gas in the bladder wall.

Due to the difficulties in treating UTIs — in particular, complicated UTIs — they may not resolve
(persistent infection) or may recur (relapse or reinfection).

Persistent infection

Persistent infection, in the face of appropriate antibiotic selection based on culture and sensitivity,
infers the development of antibiotic resistance or inadequate concentrations of the antibiotic being
achieved in the urine. Owners should be consulted to ensure compliance is not the cause of
persistent infection. Thought should also be given to the pharmacokinetics and availability of the
selected antibiotic in the urine, alongside any diseases that may reduce its availability, such as
gastrointestinal (decreased absorption) and renal disease (decreased urinary excretion), or
prostatic disease (lack of tissue penetration).

Relapse of infection

In a relapse, a negative urine culture and resolution of clinical signs are documented after
appropriate antibiotic treatment, but infection recurs with the same causative agent shortly —
usually days to weeks — after cessation of treatment. This relapse happens due to residual bacteria
in the urogenital tract, not cleared by the antibiotic course, recolonising in the urinary system. This
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may occur due to insufficient length of antibiotic course or underlying disease creating a nidus of
infection.

Reinfection

In cases of reinfection, the causative bacteria is eradicated with appropriate treatment, but, due to
an underlying susceptibility of the patient to acquire a UTI, subsequent infection is caused by a
different species or strain of bacteria. For dogs that encounter frequent reinfection, full clinical
investigations are indicated to ascertain the cause of increased predilection for developing a UTI.
This could include routine haematology and biochemistry, specific disease testing (for example, for
hyperadrenocorticism), imaging (for example, ultrasound, plain radiography and contrast studies)
and cystoscopy.

Treatment

Uncomplicated UTlIs

Takle 1. Empirical antiblotic cholces for uncomplicated urinary tract

infections (UTIs) and bacterial prostatitis while awaiting culture results

Infection Antibiotic Dose Motes

Uncomplicated UTI | Amaosicllin Tomigdka ko Active garat gram-posithaa and
1 S hg PO i gram-riegaive argarrms, High

Excretion n urine.

Trimethoprim: | 15mg/kg PO qQlih | Active against gram-negative and some

sulferamicks g -peersiliwe crgantsms, Goed penebmtion
Inba the urinary tract and prostabe.
Amaicllin- 12 5magkg to Crften ursed Arsi-lins, but the resd for

tlmvulanatbe 25k PO 813 clavulanic acid in urcomplicaled cases
Is quastianatibe.

Trimethopri- | 1 5mgka PO g1 Bt againgt gram-negative s some
sulforsmicks gea-pritve crganisme. Good penetation
Inba the urinary tract and prostabe.

Prnstatitis

Endicoacin Emigikg PO g1 Broad-spictieen of activity against
gram-niegative snd gram-positie
cogga nlsme Gond prastatic penetration.

Acute pyelonephuits | Ampicllin 20engikg IV gtk Ative sgsirn g ram-posithie and
{rystemically unssslly gram-negative anganims. Good tissue
penetratian ard sxcretad in wEing.

Table 1. Empirical antibiotic choices for uncomplicated urinary tract infections (UTIs) and bacterial
prostatitis while awaiting culture results.

Dogs that present with acute clinical signs and initial in-house testing (dipstick/sediment
examination) consistent with a simple UTI often require empirical antibiotic treatment while awaiting
culture results (Table 1). Given concerns about the responsible use of antimicrobials, the authors
recommend urine culture and antimicrobial sensitivity testing are performed in all patients. Culture
and sensitivity testing become mandatory in complicated cases and cases of treatment failure.
Antibiotic choice should be made on factors including spectrum of activity and effect against the
suspected bacterial agent, penetration into target tissues, and patient-specific contraindications.

The authors’ recommended first-line antibiotics are amoxicillin or trimethoprim-sulfonamide®. If the
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chosen antibiotic is proved efficacious by the results of culture and sensitivity testing then the
course is typically continued for seven days*®. In simple UTIs, repeated urinalysis and urine culture
do not need to be performed if clinical signs resolve with appropriate treatment.

It is important to note, if clinical signs are improving, it may be prudent to continue the course, even
if the bacteria cultured is shown to be resistant to the empirical antibiotic chosen. This is because
antibiotic concentrations in the urine often reach substantially higher concentrations than those
tested in the laboratory. In this circumstance, it is useful to repeat urinalysis and culture after
cessation of antibiotic therapy to ensure resolution.

Historic recommendations for canine cystitis have included longer courses (7 to 14 days) of
antibiotics for uncomplicated cystitis>. Much shorter courses (three days) of antibiotics, such as
trimethoprim or fluoroquinolones, are often used in human patients with uncomplicated UTIs*. The
use of high-dose, short-duration treatment with enrofloxacin (18mg/kg to 20mg/kg PO SID for 3
days) has been assessed in the treatment of uncomplicated UTIs in dogs and was shown to not be
inferior to more conventional treatment with amoxicillin-clavulanate (13.75mg/kg to 25mg/kg PO
BID for 14 days)?. Clinical and microbiological cure rate, with repeated urine culture, were
assessed and not significantly different between both groups. Further studies into short-duration
antibiotic treatment in veterinary species are required before recommendations can be made.

In the authors’ practice’s antibiotic guidelines, the use of higher-tier antibiotics — including
fluoroquinolones — is reserved for cases with documented antimicrobial sensitivity and an
expectation a first-line antibiotic will not suffice, either due to bacterial resistance or poor tissue
penetration. They recommend all practices subscribe to good antibiotic stewardship protocols.
Support for practices to produce guidelines are available, such as those produced by the BSAVA
Protect scheme®?,

Complicated UTlIs

Panel 1. Common causes for treatment failure in canine urinary tract infections

¢ |nadequate treatment, such as:
o poor owner compliance
o inappropriate antibiotic use (poor penetration, antibiotic resistance, inadequate
duration of treatment or dose rate)
¢ Anatomical, such as:
o vulval conformation
o ectopic ureters
e Concurrent urinary tract disease, such as:
o neoplasia
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o urolithiasis

o pyelonephritis

o prostatitis

o urinary incontinence (for example, due to urinary sphincter mechanism

incompetence)

o polypoid cystitis
e Systemic disease, such as:
chronic kidney disease
hyperadrenocorticism
glucosuria or diabetes mellitus
o immunosuppression

o

o

o

Initial diagnosis and empirical treatment, if required, is similar to that with uncomplicated UTIs.
Urine bacterial culture and antimicrobial sensitivity testing must be performed in complicated cases.
In entire male dogs, prostatic penetration should be considered. Efforts should be made to identify
and, where possible, address any underlying causes — for example, uncontrolled diabetes mellitus
or urolithiasis.

No evidence to suggest appropriate treatment length is available; four to six weeks is typically
recommended, but may be altered by specific patient factors and the underlying cause identified. In
complicated cases, urine culture should be performed 7 days after starting treatment and 7 to 14
days after stopping to assess the success of therapy*°.

In recurrent or persistent infections, clinicians should focus on trying to find an underlying cause. If
an underlying cause is identified, it is likely to be impossible to adequately resolve the problem
without identifying and treating this cause. Suggested considerations are given in Panel 1.

Specific situations

Emphysematous cystitis

Emphysematous cystitis (Figure 2) is caused by infections with gas-forming bacteria — most
commonly E coli — and described in sporadic case reports in veterinary literature. Cases have
mostly been reported in diabetic and glucosuric patients, but have been described in patients with
chronic UTIs and in one patient receiving long-term prednisolone therapy secondary to infection
with Clostridium perfringens. Prognosis appears to be good with appropriate antibiotic treatment.
Intravesiculal instillation of formalin has also been described as a treatment™3,

Polypoid cystitis
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Polypoid cystitis (Figures 3 and 4) is typified by the formation of intraluminal benign epithelial
growths, usually located on the cranioventral aspect of the bladder wall. The distribution is typically
different to that seen with neoplasia, but confirmation of the diagnosis should be made
histologically — for example, via catheter suction biopsy or cystoscopic biopsy. Fine-needle
aspirates or cystocentesis should not be performed until neoplasia has been ruled out.

Proteus species are the most common bacteria isolated in these cases™, but others have been
described. Antimicrobial therapy can be tried, but the polyploid changes may mean clearance of
bacterial infection is challenging.

In the authors’ experiences, clearance of the UTI may be achieved with prolonged (six weeks)
antimicrobial therapy, and despite the polyploid changes not fully resolving, clinical signs may not
recur and bacterial clearance may be demonstrated. In cases where bacterial clearance is not
possible due to the anatomical changes, partial cystectomy seems to be the treatment of choice;
however, information is limited™*.

Neoplasia

Transitional cell carcinoma (TCC) is the most common neoplasia of the canine bladder®. Clinical
signs can be similar to those reported in cystitis, including dysuria, haematuria and pollakiuria.
Diagnosis may be suspected based on clinical signs, signalment and characteristic location of the
bladder mass as seen on ultrasonography; TCC has a predilection for the trigone.

Definitive diagnosis is made by histopathology obtained by cystoscopy or ultrasound-guided
suction biopsy. The authors advise against fine-needle aspiration of bladder masses, due to the
risk of seeding tumour to the abdominal wall.

Prognosis is poor, as the tumour is difficult to resect surgically, while response to chemotherapy is
variable. The use of cyclo-oxygenase 2 inhibiting drugs and radiotherapy are being further
investigated®®.

Urethral stents may be used in cases causing urinary obstruction®®; consultation with a veterinary
oncologist is recommended.

Drug-induced
Cyclophosphamide, a chemotherapy agent used to treat canine lymphoma as part of the
cyclophosphamide, vincristine and prednisolone protocol, and the cyclophosphamide, doxorubicin,

vincristine and prednisolone protocol, may cause sterile haemorrhagic cystitis.

Strategies to try to reduce the incidence of haemorrhagic cystitis include concurrent treatment with
furosemide and dividing the desired dose over a three-day period™”.
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Regular monitoring of cases receiving cyclophosphamide with urinalysis, to check for microscopic
haematuria, is recommended to prevent this complication becoming severe. Although bacterial
infection is a possible complication, these cases are typically sterile, so antibiotic therapy is not
indicated. Consultation with a specialist oncologist is recommended.

Prostatitis

A disease, typically, of older entire male dogs, prostatitis is usually caused by an ascending
bacterial infection and, most often, develops secondarily to another prostatic disease process such
as neoplasia or benign prostatic hyperplasia®®.

Dogs with acute prostatitis usually present with systemic signs of illness, such as pyrexia, lethargy
and anorexia, but chronic cases are also seen and may show few clinical signs. A rectal
examination should be performed to assess the prostate for size, shape and pain.

Figure 3. Ultrasonographic appearance of canine polypoid cystitis, showing a polyp on the
ventral bladder wall.

Imaging with radiography and abdominal ultrasound, alongside prostatic wash, are the mainstay
diagnostic procedures. Urinalysis and urine culture are recommended in these cases, as a
concurrent bacterial cystitis is possible and results between urine and prostatic culture appear to
correspond well (Table 1)*.

Antimicrobial therapy of prostatitis is challenging due to poor tissue penetration of some antibiotics,
including penicillins, and must be considered when antibiotic selection is made. Trimethoprim-
sulfonamide, fluoroquinolones, clindamycin and doxycycline all penetrate the prostate well, but
choice should be based on culture results. Management of the underlying prostatic disease with
either medical — for example, osaterone — or surgical treatment is also mandatory to control
prostatic disease.

Urolithiasis
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The cause for formation of stones within the urinary tract is multifactorial, including patient factors —
genetic, metabolic and anatomical — and diet. Although some crystals/uroliths may be caused by
UTlIs, in the case of struvite crystals, the converse may also be true — uroliths may predispose the
patient to a UTI or form a nidus of infection preventing successful clearance of the organism.

Lower urinary tract signs are common in dogs with urolithiasis, due to a resultant cystitis. A basic
work-up includes urinalysis and imaging of the urinary tract with ultrasonography and radiography,
with or without contrast studies. Many options are available for the treatment of urocystoliths,
depending on the type and size, including surgical removal, medical dissolution, voiding
urohydropropulsion and lithotripsy®. A full discussion of urolithiasis is beyond the scope of this
article.

Pyelonephritis

Inflammation of the kidney and renal pelvis is usually caused by an ascending bacterial infection in
dogs. It may be seen concurrently with cystitis. Typical lower urinary signs, such as dysuria, may
be absent or precede upper urinary tract signs, such as polyuria and polydipsia, and abdominal
pain alongside possible systemic signs, such as pyrexia and lethargy. Urinalysis (urinary casts) and
urine culture are crucial in diagnosing pyelonephritis; this may be performed on samples acquired
via cystocentesis or pyelocentesis. Ultrasound findings may also support the involvement of the
kidneys.

Acute pyelonephritis patients usually require hospitalisation for initial management, often with IV
fluid therapy (Table 1) and parenteral antibiotics. Antimicrobial therapy usually lasts a minimum of
four to six weeks?*, and clearance of infection should be confirmed with repeated urine cultures
before and after halting treatment.

Prophylactic antimicrobial therapy in complicated UTlIs

Although sometimes employed in human medicine, the use of prophylactic antibiotic therapy is
hotly debated. Evidence for its use in veterinary medicine is absent and raises concern over
potential side effects and antimicrobial resistance. Therefore, its use is not recommended, other
than in exceptional circumstances; the authors recommend discussion with an internal medicine
specialist before considering this approach.

Other therapies — if no underlying cause for recurrent or persistent UTI
identified

Methenamine hippurate has been used prophylactically in human medicine for recurrent cystitis?.
It works through its conversion to formaldehyde within acidic urine (urine-acidifying agents are
administered alongside methenamine in human patients), which may be bacteriostatic or
bactericidal depending on the concentrations reached within the bladder. In human patients, it
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seems it may be effective, at least in the short term, when used for UTI prophylaxis; however, a
paucity of data exists on its use®. It is contraindicated in renal disease and no evidence or
recommendations for their use exist in veterinary medicine.

Proanthocyanidins, the active substance in cranberry extract, which prevents the adhesion of E
coli to the urinary epithelial cells, have been scarcely studied in canine patients. One clinical trial
found no significant reduction in the prevalence of bacteriuria, by administering oral cranberry
extract, in dogs undergoing surgery for acute thoracolumbar intervertebral disc herniation?,
However, a small study has demonstrated promising results in vivo, preventing development of
UTIs in patients with a history of recurrent UTIs; and in vitro, with reduced E coli adherence to
canine kidney cells when incubated with urine from treated dogs®. In human medicine, studies
have failed to demonstrate convincing evidence for their use and a 2012 Cochrane systematic
review concluded they could not be recommended for the prevention of UTIs?.

Figure 4. Cystoscopic appearance of canine polypoid cystitis.

Instillation of tromethamine-ethylenediamine-tetraacetate solutions, used in conjunction with
parenteral or IV antibiotics, into the urinary bladders of dogs with multidrug-resistant or recurrent
UTIs has been described in a case series®” and case report?2. Promising results were
demonstrated, with improvement of clinical signs and negative bacterial cultures obtained post-
treatment. No side effects were reported. This promising approach should be considered in
challenging cases, but larger studies are needed to demonstrate efficacy.

Other treatments and preventive strategies occasionally discussed include the use of
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glycosaminoglycan supplements, instilment of non-pathogenic E coli into the bladder to compete
with urinary tract pathogens (persistent bacteriuria has not been successfully achieved®),
probiotics, and the use of oestrogen to alter the vaginal environment in females. A prospective
controlled study evaluated the efficacy of an oral probiotic supplement, for a period of either 14 or
28 days, to alter vaginal flora in normal spayed female dogs. Oral supplementation failed to
increase the prevalence of vaginal Lactobacillus, which was hypothesised to be beneficial®".

These treatments and attempts at prophylaxis lack evidence in the veterinary medicine literature,
but present research opportunities. With the evidence available, the authors are not able to make
clear recommendations regarding the use of nutraceuticals, but they may be considered in
recurrent or challenging cases. As aforementioned, the authors would recommend a full
investigation of potential underlying causes alongside instigating supplementary therapies.

Conclusion

Canine cystitis may have many underlying causes. Regarding bacterial infections, the majority of
UTIs encountered in general practice are likely to represent uncomplicated UTIs; however, the
presence of possible complicating factors should be considered on an individual patient basis. An
unusual signalment, recurrence or persistence of an infection should prompt careful history taking,
including questioning compliance, and the search for underlying diseases and predisposing factors.
The importance of urinalysis and urine culture in all cases cannot be overemphasised.

e Use of some drugs listed in this article are used under the cascade.

Acknowledgements

The authors are grateful to Mayank Seth, BVetMed, BSc, DipACVIM, DipECVIM-CA, MRCVS for
reviewing the manuscript and his advice.

References

1. Ling GV (1984). Therapeutic strategies involving antimicrobial treatment of the canine
urinary tract, J Am Vet Med Assoc 185(10): 1,162-1,164.

2. Westropp JL, Sykes JE, Irom S et al (2012). Evaluation of the efficacy and safety of high
dose short duration enrofloxacin treatment regimen for uncomplicated urinary tract
infections in dogs, J Vet Intern Med 26(3): 506-512.

3. Seguin MA, Vaden SL, Altier C et al (2003). Persistent urinary tract infections and
reinfections in 100 dogs (1989-1999), J Vet Intern Med 17(5): 622-631.

4. Ling GV, Norris CR, Franti CE et al (2001). Interrelations of organism prevalence, specimen
collection method, and host age, sex, and breed among 8,354 canine urinary tract
infections (1969-1995), J Vet Intern Med 15(4): 341-347.

5. Wynn SG, Witzel AL, Bartges JW et al (2016). Prevalence of asymptomatic urinary tract

11/13



10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

infections in morbidly obese dogs, Peerd 4: e1,711, DOI: 10.7717/peerj.1711.

. Colgan R, Nicolle LE, McGlone A et al (2006). Asymptomatic bacteriuria in adults, Am Fam

Physician 74(6): 985-990.

. Rowlands M, Blackwood L, Mas A et al (2011). The effect of boric acid on bacterial culture

of canine and feline urine, J Small Anim Pract 52(10): 510-514.

. Wood MW (2017). Chapter 330: lower urinary tract infections. In Ettinger SJ, Feldman EC

and Cote E (eds), Textbook of Veterinary Internal Medicine: Diseases of the Dog and Cat
(8th edn), Elsevier, St Louis.

. Smee N, Loy K and Grauer G (2013). UTlIs in small animal patients: part 1: etiology and

pathogenesis, J Am Anim Hosp Assoc 49(1): 1-7.

Weese JS, Blondeau JM, Boothe D et al (2011). 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, DOI:
10.4061/2011/263768.

Jancel T and Dudas V (2002). Management of uncomplicated urinary tract infections, West
J Med 176(1): 51-55.

BSAVA Protect: www.bsava.com/resources/veterinary-resources/PROTECT

Henrikson TD, Moore L, Biller DS et al (2004). Intravesical instillation of dilute formalin for
the treatment of severe hemorrhagic emphysematous cystitis in a diabetic dog, J Am Anim
Hosp Assoc 40(1): 64-68.

Martinez |, Mattoon JS, Eaton KA et al (2003). Polypoid cystitis in 17 dogs (1978-2001), J
Vet Intern Med 17(4): 499-509.

Mutsaers AJ, Widmer WR and Knapp DW (2003). Canine transitional cell carcinoma, J Vet
Intern Med 17(2): 136-144.

Blackburn AL, Berent AC, Weisse CW et al (2013). Evaluation of outcome following urethral
stent placement for the treatment of obstructive carcinoma of the urethra in dogs: 42 cases
(2004-2008), J Am Vet Med Assoc 242(1): 59-68.

Best MP and Fry DR (2013). Incidence of sterile hemorrhagic cystitis in dogs receiving
cyclophosphamide orally for three days without concurrent furosemide as part of a
chemotherapeutic treatment for lymphoma: 57 cases (2007-2012), J Am Vet Med Assoc
243(7): 1,025-1,029.

Olin SJ and Bartges JW (2015). Urinary tract infections: treatments/comparative
therapeutics, Vet Clin North Am Small Anim Pract 45(4): 721-746.

Kutzler MA (2017). Chapter 337: prostatic diseases. In Ettinger SJ, Feldman EC and Cote
E (eds), Textbook of Veterinary Internal Medicine: Diseases of the Dog and Cat (8th edn),
Elsevier, St Louis.

Lulich JP, Berent AC, Adams LG et al (2016). ACVIM small animal consensus
recommendations on the treatment and prevention of uroliths in dogs and cats, J Vet Intern
Med 30(5): 1,564-1,574.

Danish Small Animal Veterinary Association (2013). Antibiotic use guidelines for companion

animal practice, http://bit.ly/20Xnl9q
Cronberg S, Welin CO, Henriksson L et al (1987). Prevention of recurrent acute cystitis by

12/13


www.bsava.com/resources/veterinary-resources/PROTECT
http://bit.ly/2oXnl9q

23.

24.

25.

26.

27.

28.

29.

30.

methenamine hippurate: double blind controlled crossover long term study, Br Med J (Clin
Res Ed) 294(6,586): 1,507-1,508.

Lee BS, Bhuta T, Simpson JM et al (2012). Methenamine hippurate for preventing urinary
tract infections, Cochrane Database Syst Rev 10: CD003265, DOI:
10.1002/14651858.CD003265.pub3.

Olby NJ, Vaden SL, Williams K et al (2017). Effect of cranberry extract on the frequency of
bacteriuria in dogs with acute thoracolumbar disk herniation: a randomized controlled
clinical trial, J Vet Intern Med 31(1): 60-68.

Chou HI, Chen KS, Wang HC et al (2016). Effects of cranberry extract on prevention of
urinary tract infection in dogs and on adhesion of Escherichia coli to Madin-Darby canine
kidney cells, Am J Vet Res 77(4): 421-427.

Jepson RG, Williams G and Craig JC (2012). Cranberries for preventing urinary tract
infections, Cochrane Database Syst Rev 10: CD001321, DOI:
10.1002/14651858.CD001321.pub5.

Farca AM, Piromalli G, Maffei F et al (1997). Potentiating effect of EDTA-Tris on the activity
of antibiotics against resistant bacteria associated with otitis, dermatitis and cystitis, J Small
Anim Pract 38(6): 243-245.

Lee SG, Hoh WP, Eom KD et al (2006). Successful EDTA-Tris treatment of Pseudomonas
aeruginosa infection of urinary bladder secondary to urolithiasis in a dog, Korean J Vet Res
46(1): 83-86.

Thompson MF, Schembri MA, Mills PC et al (2012). A modified three-dose protocol for
colonization of the canine urinary tract with the asymptomatic bacteriuria Escherichia coli
strain 83972, Vet Microbiol 158(3-4): 446-450.

Hutchins RG, Bailey CS, Jacob ME et al (2013). The effect of an oral probiotic containing
Lactobacillus, Bifidobacterium, and Bacillus species on the vaginal microbiota of spayed
female dogs, J Vet Intern Med 27(6): 1,368-1,371.

13/13


http://www.tcpdf.org

