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Abstract

Background: Recurrent bacterial cystitis, often referred to as recurrent urinary tract

infection (UTI), can be difficult to manage and alternative treatments are needed.

Hypothesis/Objective: Intravesicular administration of asymptomatic bacteriuria

(ASB) E. coli 212 will not be inferior to antimicrobial treatment for the management

of recurrent UTI in dogs.

Animals: Thirty-four dogs with >1 UTI in the 12 months before presentation.

Methods: All dogs were deemed normal otherwise based on absence of abnormali-

ties on physical examination, CBC, serum biochemical panel, and abdominal ultraso-

nography. Dogs were randomized to 1 of 2 treatment groups: Group 1 antimicrobials

for 7 days or group 2 intravesicular administration of ASB E. coli 212. Owners were

provided a voiding questionnaire regarding their dogs' clinical signs, which was com-

pleted daily for 14 days to assess clinical cure. Dogs were examined on days 7 and

14 to assess clinical cure, and urine specimens were submitted for urinalysis and bac-

terial culture.

Results: Clinical cure rates for ASB E. coli 212–treated dogs were not inferior to

7 days of antimicrobial treatment with a 12% margin of difference to determine non-

inferiority. No significant difference was found between the treatment groups on

days 7 and 14 in the proportion of dogs achieving ≥50% or ≥75% reduction in their

clinical score compared with baseline.

Conclusions and Clinical Importance: These data suggest that intravesicular adminis-

tration of ASB E. coli 212 is not inferior to antimicrobials for the treatment of recurrent

UTI in dogs. This biotherapeutic agent could help alleviate the need for antimicrobials

for some dogs with recurrent UTI, improving antimicrobial stewardship.
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1 | INTRODUCTION

Bacterial cystitis is a common cause of morbidity in dogs and often is

treated using antimicrobials. The most common clinical signs of lower uri-

nary tract infection (UTI) in dogs include stranguria, hematuria, and

pollakiuria, although malodorous urine,1 peri-genital licking1,2 and urinary

incontinence,2,3 also have been noted in dogs with positive urine cultures.

Sporadic cystitis (hereafter called UTI) generally occurs in otherwise healthy

dogswith no evidence of underlying disease and resolveswith antimicrobial

treatment.4 Recurrent UTI also occurs in dogs and occasionally is associated

with underlying comorbidities.5 Antimicrobials are prescribed for UTI, but

antimicrobial resistance has been an emerging problem in both dogs and

humans,6-8 and thus other treatmentmodalities are being investigated.

Asymptomatic bacteriuria (ASB) Escherichia coli strains have been

isolated from human patients with persistent subclinical bacteriuria. In

murine models using uropathogenic E. coli (UPEC) strain NU14 to

induce acute clinical cystitis, ASB E. coli strains have been shown not

only to significantly decrease bacteriuria but to also have anti-infective

and visceral analgesic activity.9 Asymptomatic bacteriuria E. coli 83972

strain has been reported to improve the quality of life in humans with

UTI10 without major adverse events. Moreover, when long-term blad-

der colonization by the bacteria was achieved, no symptoms of UTI

developed, with no adverse impact of ASB E. coli 83792 on renal func-

tion.11 The mechanisms by which ASB E. coli provides protection for

recurrent UTI are not fully understood but might result from immuno-

modulation or bacterial interference, whereby an ASB strain colonizes

the bladder and prevents subsequent colonization with UPEC strains

that cause inflammation and result in lower urinary tract signs (LUTS).

In a pilot study evaluating the instillation of 1010 colony-forming

units of ASB E. coli 212 reconstituted in 10 mL of saline from lyophi-

lized bacteria into the urinary bladder of healthy research dogs, long-

term bacterial colonization was not achieved, but no dogs experienced

any adverse events. When this biotherapeutic was instilled into the

bladders of 9 client-owned dogs with recurrent UTI, 4 of these 9 dogs

had complete or nearly complete clinical cures by day 14. Of these

4 dogs, 3 had microbiological cures of their original pathogen on day

14 and 1 had subclinical bacteriuria (in addition to ASB E. coli 212) iso-

lated from its urine. Three of these 4 dogs had ASB E. coli 212 isolated

from their urine on day 14. With the exception of mild, temporary,

self-limiting, hyporexia in 2 dogs on the day of biotherapeutic admin-

istration, no major adverse effects were observed.12

Because of these preliminary data, our study was designed to eval-

uate ASB E. coli 212 in a randomized prospective non-inferiority trial to

evaluate the efficacy of this biotherapeutic compared to antimicrobial

administration for 7 days. We hypothesized that ASB E. coli 212 would

not be inferior to standard antimicrobial treatment for dogs with recur-

rent UTI within a 12% margin of difference to determine noninferiority.

2 | MATERIALS AND METHODS

In this prospective, randomized multicenter clinical trial, dogs 3 months

of age with LUTS including pollakiuria, stranguria, hematuria, persistent

genital licking, and >1 UTI associated with these signs in the past

12 months before presentation based on a positive urine culture

(UC) of urine collected by cystocentesis were eligible for enrollment.

Furthermore, dogs with urinary incontinence associated with a storage

disorder such as urethral sphincter mechanism incompetence as their

sole clinical sign also were eligible as long as the urinary incontinence

previously was associated with bacteriuria, and the urinary inconti-

nence completely resolved with prior antimicrobial administration.

Dogs were excluded if underlying comorbidities such as urinary cal-

culi, bladder neoplasia, emphysematous cystitis, hooded vulva with con-

current perivulvar pyoderma or dermatitis, pyelonephritis, prostatitis,

acute kidney injury, or chronic kidney disease were identified by labora-

tory tests, abdominal ultrasonography or a combination of these. Dogs

with Corynebacterium spp. UTI were not eligible for enrollment because

of the risk of encrusting cystitis.13 Dogs diagnosed with polypoid cystitis

or proliferative urethritis also were excluded. Dogs with a recent history

of cefovecin administration were excluded because of unpredictable

drug elimination kinetics.14 Upon enrollment, CBC, serum biochemistry

panel, and serum symmetric dimethylarginine (SDMA) concentration

were performed. All dogs had urine collected by cystocentesis for urinal-

ysis, including urine sediment, and evaluated by their respective clinical

laboratories. Some dogs also were screened for bacteriuria using a rapid

immunoassay (Rapidbac Vet, SilverLake Medical) test. If a positive result

was confirmed or evidence of bacteriuria and pyuria were noted on uri-

nalysis, dogs were randomized to receive either the antimicrobial treat-

ment (group 1) or ASB E. coli 212 (group 2). Only dogs with positive

urine cultures continued in the trial. Clients were provided a question-

naire regarding their dog's lower urinary tract clinical signs, which was

completed daily for 14 days (Supporting Information S1). Recorded clini-

cal signs included stranguria, pollakiuria, hematuria, dysuria, urinary

incontinence, preputial or perivulvar licking, and the presence or

absence of an odor to the urine. Aggregate scores could range from

0 to 17.

2.1 | Dogs treated with antimicrobials (Group 1)

Dogs were treated with the empirical antimicrobial, amoxicillin with

clavulanic acid (14-19 mg/kg PO q12h), pending urine susceptibility

results. Once the susceptibility results were available, the antimicro-

bial was changed if the bacteria were resistant to amoxicillin-

clavulanic acid. Antimicrobials were administered for 7 days (or 7 days

from when an antimicrobial was changed based on susceptibility test

results). Urinalysis and aerobic bacterial UC were repeated on days

7 and 14. If clinical signs developed or persisted during antimicrobial

treatment, the dog was deemed a clinical failure, removed from the

study and treated with another antimicrobial based on susceptibility.

2.2 | Study dogs (Group 2)

Dogs were treated with a sedative, approximately 2-5 μg/kg dexme-

detomidine and 0.3 mg/kg of butorphanol IV, to provide chemical
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restraint. Once appropriate sedation was achieved, the vulvar or prepu-

tial area was clipped to remove excess hair and cleaned with chlorhexi-

dine solution. An appropriately sized catheter was inserted into the

urinary bladder using aseptic technique. All urine was removed from

the bladder. A total of 1010 colony-forming units of ASB E. coli 212 from

lyophilized bacteria (reconstituted in 10 mL of sterile saline) were

instilled into the bladder. The catheter was removed, and the dogs

were allowed to recover and discharged to their owners when the

investigator determined they were stable. If at least a 50% reduction in

their clinical score was not achieved by day 3, a second ASB E. coli

212 infusion was offered to the client to be administered using the

same protocol. If the clinical score persisted 36 hours after the second

infusion, the dog was deemed a clinical failure and treated with antimi-

crobials for 7 days based upon UC susceptibility testing. Urinalysis and

UC were repeated on day 7 and day 14 for all dogs, and additionally on

day 3 for dogs that received a second infusion. In both groups, the UC

results and bacterial strain were recorded. Asymptomatic bacteriuria

E. coli 212 is highly susceptible to commonly used antimicrobials but is

characteristically resistant to ampicillin and ticarcillin.12 This susceptibil-

ity pattern was used to distinguish E. coli strains on follow-up UC.

The study was approved by Institutional Animal Care and Use

Committee at the University of California, Davis (protocol #22771),

and the Koret School of Veterinary Medicine, The Hebrew University,

Jerusalem, Israel (protocol # MD-2016230-3).

3 | STATISTICAL ANALYSES

Statistical analysis to show noninferiority between 2 treatments was

conducted using a multilevel regression analysis to evaluate the mag-

nitude of the difference of the means (effect size) between the 2 treat-

ments (antimicrobials and ASB E. coli 212) on the UTI clinical scores

using both P values and confidence intervals.15 The multilevel model-

ing approach was the most appropriate analysis to account for the

repeated measures design (ie, dog identification is a random effect).

We defined noninferiority as a margin of 2 points in the clinical score.

This margin (12%) was set in advance based on clinical and statistical

reasons. Proportions were compared between the 2 groups using the

Fisher's exact test. Analyses were conducted in R (v. 4.3.1.) using

packages lmer16 and confinterpret.17

A sample size calculation using the function epi.ssninfcin in the epiR

package18 was performed. We assumed a mean clinical score of 3 in the

treatment group, a mean clinical score of 3 in the control group, an

expected population SD of the clinical score of 2, and a clinically mean-

ingful difference (margin/limit) in the clinical score of 2. We assumed

80% power and a 5% level of significance. A minimum of 26 dogs

needed to be enrolled in the trial, 13 in group 1 and 13 in group 2.

4 | RESULTS

Thirty-four dogs with positive UC were enrolled in the clinical trial. All

dogs that had pyuria and bacteriuria, a positive radioimmunoassay test

or combination of the 2 also had growth on the UC. Seventeen dogs

were randomized to receive antimicrobial treatment (group 1) and

17 were treated using intravesicular ASB E. coli 212 (group 2). One

dog in group 1 was lost to follow-up, and only 16 were included in the

data analyses. One dog in group 2 died on day 4 because of presumed

neoplasia in the pleural cavity, which was not thought to be related to

the lower urinary tract disease or treatment, leaving 16 dogs in the

statistical analyses from this group.

The median age of dogs in group 1 was 5.5 years (range,

0.5-12 years) and the median weight was 21.5 kg (range, 7.6-39.8 kg).

There were 11 spayed female, 4 intact female dogs, and 1 castrated

male dog in this group. The median age of dogs in group 2 was

6.5 years (range, 0.25-13 years) and the median weight was 14.6 kg

(range, 5.5-63.7 kg) and included 14 spayed female dogs and 2 intact

female dogs. A number of different breeds were represented, includ-

ing Cavalier King Charles spaniels (2 in group 1 and 3 in group 2) and

1 each of various other breeds in both groups. Two dogs in group

1 had ectopic ureters that were corrected using laser ablation before

enrollment, 1 of these dogs also had a urethral occluder placed

before enrollment. One dog enrolled in group 2 also had a urethral

occluder placed for refractory urethral sphincter mechanism incompe-

tence 2 years before study enrollment.

Serum creatinine concentration was within the respective labora-

tories' reference ranges for all dogs in both groups on day 0. No other

clinically relevant abnormalities were noted on the CBC or serum bio-

chemical panel from any dogs. The SDMA concentrations were avail-

able for only 11/16 dogs in group 1 (because of insufficient available

serum), of which 2 had SDMA concentrations of 15 and 18 μg/dL,

respectively. In 1 dog, SDMA concentrations decreased from 18 μg/

dL to 15 μg/dL by day 14. All SDMA concentrations for dogs in group

2 were within the reference range. No major adverse events were

noted in any dogs, and none exhibited clinical signs suggestive for

pyelonephritis or appeared systemically ill during the trial period.

Thirteen of 16 dogs in group 1 were treated with amoxicillin-

clavulanic acid for the entire 7-day duration. Based on urine culture

susceptibility results, 2 of these 16 dogs initially were treated with

ofloxacin (11.5 mg/kg q24h and 12.5 mg/kg q24h, respectively), but

treatment was changed to cephalexin (33 mg/kg q8h) for 1 dog. One

dog in group 1 initially was treated with nitrofurantoin (4 mg/kg q8h)

but was changed to amoxicillin-clavulanic acid after the bacterial sus-

ceptibility results obtained from day 7 returned. Six dogs in group

2 were given a second treatment of ASB E. coli 212 on day 3.

Bacterial isolates that were cultured on day 0 are presented in

Figure 1. The most common isolates from both groups were E. coli. All

dogs in group 1 had a single isolate cultured from their urine speci-

men. Fourteen dogs in group 2 had only 1 isolate cultured from their

urine, but 2 dogs in group 2 had growth of 3 bacterial isolates.

4.1 | Clinical cure

The clinical scores of dogs in groups 1 and 2 on days 0 and 7 are pre-

sented in Figure 2. The median clinical scores at baseline for groups
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1 and 2 were 6.5 (range, 2-17) and 7.5 (range, 3-16), respectively.

Three dogs in group 2 were deemed clinical failures after day 7 and

were treated with antimicrobials. No dogs from group 1 were

removed from the study. The percent reduction in clinical scores on

days 7 and 14 is provided in Table 1. No significant difference was

found in the proportion of dogs achieving ≥50% or ≥75% reduction in

their clinical scores compared with their baseline between the treat-

ment groups, both on days 7 and 14. Dogs in group 2 that were

deemed clinical failures and received antimicrobials were included in

these datasets as failures (0% reduction in clinical sign score).

Although scores for 1 dog in group 2 were not available on day

14, the client notified us that the dog was clinically well, but the

owner failed to complete the daily survey. This dog's data is not

included in the day 14 analyses in Table 1.

The results of our multilevel regression analysis used in our

non-inferiority trial are presented in Table 2 and Figure 3. The

confidence interval for the difference between ASB E. coli

212 and antimicrobial treatment was located to the left of the

noninferiority margin and, because lower clinical scores were con-

sidered to be the beneficial outcome, we concluded that ASB

E. coli 212 was noninferior to antimicrobial treatment. Similarly,

the P value obtained for ASB E. coli 212 treatment was not sig-

nificant, which indicated that the intravesicular administration of

ASB E. coli 212 was not inferior to antimicrobial treatment for

the management of recurrent UTI.
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F IGURE 1 Bacterial isolates cultured from
urine specimens from all dogs on day 0.

F IGURE 2 The clinical scores (median and range) of dogs in
groups 1 and 2 on days 0 and 7.

TABLE 1 Number and percentage of dogs in each group that had
either a 50% or ≥75% reduction in their clinical score compared to
baseline.

≥50% ≥75%
# Clinical signs # Clinical signs

Day 7

Group 1 13/16 (81%) 8/16 (50%)

Group 2 13/16 (81%) 8/16 (50%)

P value 1.0 1.0

Day 14

Group 1 9/16 (56%) 6/16 (38%)

Group 2 11/15 (73%)a 7/15 (47%)a

P value .53 .76

aDogs in group 2 that withdrew early because of persistent lower urinary

tract signs and were deemed clinical failures are included in these dataset

as failures (0% reduction in clinical signs).
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4.2 | Microbiological cure

The bacterial isolates cultured from each individual dog's urine on

days 0, 3 (if applicable), 7, and 14 can be found in Table S2. Seven of

16 dogs in group 1 had a negative UC on day 14; however, only 3/16

dogs in group 2 had only ASB E. coli 212 isolated on day 14. Fifteen

dogs in group 1 had a negative UC on day 7. Fifteen of 16 dogs had a

reduction in their clinical score on day 7 compared with baseline. One

dog had a positive UC and no change in clinical signs on day 7. Nine

of these 16 dogs had positive UCs on day 14. Although 14 dogs in

group 1 still had reductions in their clinical score on day 14 compared

to baseline, 8 of these dogs had an increase in their score compared

with day 7. One dog in group 1 had a 100% reduction in clinical signs

on day 14 compared with baseline.

All dogs in group 2 had positive UC on days 7 and 14. Three of

these dogs were clinical failures and none of these 3 had ASB E. coli

212 isolated from their urine. Seven of the 16 dogs in group 2 had

growth of ASB E. coli 212 in their urine on day 7 or day 14 or both.

Only 1 of these dogs had an increase in its clinical sign score on day 14.

Of the 12 dogs in group 2 that remained in the study on day 14, 4 dogs

had increased clinical sign scores compared with day 7. The owner of 1

dog reported that the dog was well, but failed to return and did not

complete the voiding questionnaire. Three dogs in group 2 had a 100%

reduction in their clinical scores on day 14 compared with baseline.

4.3 | Longer term follow-up

We were able to obtain longer term information regarding clinical

cures for 9 dogs in group 1 and 9 dogs in group 2. Six of the 9 dogs in

group 1 had clinical relapses within 21 days of completing the study;

1 dog remained free of LUTS until day 65. One of these 9 was eutha-

nized 10 months after the trial because of intracranial disease, the

medical record contained no mention of LUTS. Another dog was diag-

nosed with systemic mast cell tumor 5 months after the trial ended

and was euthanized 8 months after the trial; there was no mention of

LUTS in the medical record during this time period.

Of the 9 dogs in group 2 that completed the 14-day trial for which

longer term follow-up was available, 1 dog had mild urinary incontinence

and was lost to follow-up at 1 month, 6 dogs had no LUTS until 14 days,

1 month (2 dogs), 2 months, 3 months, and 8 months after the trial; 1 of

these 6 dogs subsequently was diagnosed with polypoid cystitis. Another

dog remained free of LUTS at 6 months after ASB E. coli 212 instillation,

whereas information on another indicated no LUTS for 1 year. At that

time, doxycycline was prescribed for a cough by the referring veterinar-

ian and LUTS returned shortly thereafter. Another dog was clinically well

for 13 months but presented with signs compatible with pyelonephritis

at that time. This dog had a urethral occluder placed 2 years prior and it

was determined that the occluder was causing partial urethral obstruc-

tion. Escherichia coli was isolated from the urine specimen, but the anti-

microbial susceptibility results were not suggestive for ASB E. coli 212, in

contrast to results that were documented a few months prior.

5 | DISCUSSION

The biotherapeutic, ASB E. coli 212, was not inferior to antimicrobial

treatment when evaluating clinical cure for dogs with recurrent UTI in

TABLE 2 Results of the multilevel regression analysis to evaluate
the magnitude of the difference between group 1 (antimicrobial
treatment) and group 2 (ASB E. coli 212) on UTI clinical scores.

Predictors

Score

Estimates CI P

Intercept 3.78 2.58-4.98 <.001

Treatment (ASB212) �0.23 �1.91 to 1.45 .79

Random effects

σ2 5.98

τ00 ID 5.56

ICC 0.48

NID 33

Note: The P value obtained for ASB E. coli 212 treatment was not

significant, which indicated that the intravesicular administration of ASB E.

coli 212 was not inferior to antimicrobial therapy for the management of

recurrent UTI. Observations = 436. Marginal R2/Conditional

R2 = 0.001/0.482.

Abbreviations: ASB, asymptomatic bacteriuria; ICC, intraclass correlation

coefficient; NID, number of clusters (ie, dogs in this case); t00 ID, residual

variance; UTI, urinary tract infection; σ2, random effect variance.

F IGURE 3 Boundaries of noninferiority for the 2-sided 95%
confidence interval of the difference between group 1 (antimicrobial
treatment) and group 2 (ASB E. coli 212) treatment and groups. The
confidence interval for the difference between ASB E. coli 212 and
antimicrobial treatment was located on the left of the noninferiority
margin, therefore ASB E. coli 212 was noninferior to the antimicrobial
treatment. Graph generated using the R package “confinterpret.”
ASB, asymptomatic bacteriuria.

2552 SEGEV ET AL.



this 2-week clinical trial. Furthermore, longer term outcomes demon-

strated promising results in some dogs, whereby clinical cure was

documented for as long as 13 months. No dogs experienced any

major adverse events. For most female dogs, the entire bladder instil-

lation procedure took approximately 20 minutes to perform. Unlike

previous studies that evaluated another asymptomatic strain of E. coli

in healthy dogs (E. coli 83 972),19,20 our protocol did not require

indwelling urinary catheters, and dogs were discharged to their

owners soon after the sedative was reversed. These findings support

the positive results from our previously published study in which this

biotherapeutic was used in 9 dogs with ≥3 UTI within a 12-month

period.12 In that study, 4 of the 9 client-owned dogs had complete or

nearly complete clinical cure by day 14. Long-term follow-up urine

cultures only were available in 2 of those dogs, and ASB E. coli

212 was isolated 60 days after bacterial instillation. These 2 dogs

remained free of LUTS for > 6 months. The ASB E. coli 212 isolates

from that study, which were confirmed by pulse field gel electropho-

resis, always were resistant to ampicillin and ticarcillin, allowing us to

extrapolate this information for our current study.

We believe we have used the best methodological approach,

accounting for both clinical and statistical considerations, to demon-

strate noninferiority of ASB E. coli 212 compared with antimicrobial

treatment for UTI in dogs. The use of a multilevel regression model

allowed us to account for the repeated measures design and analyze

the data clustered in groups (ie, multiple observations of the same dog

over time). The extent of noninferiority is usually better observed

using the confidence interval, and for that reason, some researchers

prefer the confidence interval approach over the use of P values and

hypothesis testing.21 Therefore, we provided both confidence inter-

vals and P values to allow a better interpretation of the findings as

recommended previously.22 The selection of the noninferiority margin

is also a critical but challenging decision because there is no gold stan-

dard criterion for appropriate margins.23 Our decision was based both

on clinical relevance and previous noninferiority trials evaluating UTI

in dogs,4,24 which utilized a 20% margin of difference between the

novel treatment and standard of care as well as statistical properties.

We assumed that a 2-point margin in the clinical score was reasonable

(ie, the new treatment is at least 88% as effective as the standard treat-

ment), and, therefore, we assumed that <12% difference between the

new and the standard treatment was clinically unimportant. If we

selected 1.5 points of margin (ie, the new treatment is at least 90% as

effective as the standard treatment) to be more conservative, we were

still able to demonstrate noninferiority. This finding reinforces our non-

inferiority results when comparing ASB E. coli 212 treatment versus

antimicrobial treatment for recurrent UTI.

To increase enrollment for our trial, we amended the standard

definition of recurrent UTI25 to include dogs that had >1 UTI in the

12 months before presentation. Unlike our pilot study, dogs that were

randomly allocated to group 2 could receive a second ASB E. coli

212 administration if their clinical scores were not reduced by at least

50% by day 3. Six of the 16 dogs in this group, in which clinical signs

did not sufficiently improve by day 3, had a second intravesicular

administration. Whereas 2 of these dogs were considered clinical

failures, 4 clinically improved after the second treatment, suggesting

the additional infusion might have helped alleviate their clinical signs.

Therefore, additional instillation of the ASB strain or higher concen-

tration of ASB E. coli 212 might improve outcomes and should be con-

sidered if this treatment becomes commercially available, especially

when considering the lack of associated adverse events.

In 9 dogs from group 2, ASB. E coli 212 was never isolated from

their urine specimen at any time point, but 8 of these dogs had

improved clinical scores on days 7 and 14. The combination of these

short-term microbiologic and clinical results coupled with some dura-

ble prophylactic benefits suggests that ASB E. coli 212 has potential

antimicrobial and analgesic activity, which was noted in murine stud-

ies.9 Of several ASB strains that have been investigated for the treat-

ment of recurrent UTI, ASB E. coli 212 has shown the highest analgesic

activity in mouse models when compared to E. coli 83972, which is

why we selected this strain for our studies.9 Intravesicular or intravagi-

nal administration of ASB E. coli 212 in a NU14 E. coli-induced cystitis

mouse model led to a rapid and significant decrease in UTI-associated

allodynia. This effect was greater than that observed with PO ciproflox-

acin treatment. Furthermore, ASB E. coli 212 exhibited superior analge-

sic activity compared to ciprofloxacin for UTI induced by non-UPEC

bacteria (eg, Proteus mirabilis and Klebsiella pneumoniae) in mouse stud-

ies. These data suggest ASB E. coli 212 could have provided analgesia

for some of the dogs with clinical recurrent UTI in our study that

remained free of clinical signs despite persistent bacteriuria.

Emergence of antibiotic resistance is a global problem and is con-

sidered to be an important health concern. Thus, efforts should be

made to practice antimicrobial stewardship, thereby decreasing the risk

of antimicrobial resistance. UTIs are a common reason for prescribing

antibiotics. When UTI is recurrent, the dog should undergo diagnostic

evaluation to identify and manage conditions that could predispose to

UTI, but an underlying cause is not always identified or, if identified,

cannot be eliminated (eg, neoplasia), thus recurrence is expected and

therapeutic options eventually decrease. In these cases, veterinarians

might elect to use highly or critically important antimicrobials, which

might be selected for progressive resistance. The administration of

intravesicular ASB E. coli 212 has been shown in a previous pilot study

and in our current study to be an easy-to-administer alternative, which

is not inferior to the use of antimicrobials and is associated with mini-

mal adverse effects. As a result, intravesicular administrations of ASB

E. coli 212 were well accepted by the dogs' owners, because it replaced

the need for daily medication and resulted in noninferior clinical results

compared with the conventional antibiotic treatment.

Our study had several limitations, including that it was only

intended to evaluate dogs over 14 days. We selected this time frame

based on previous studies and our clinical experience in dogs with

recurrent UTI. Based on the number of positive UC from dogs in

group 1 and increasing LUTS, 14 days appeared to be an appropriate

time frame to evaluate for recurrence of bacteriuria and clinical signs.

Uncomplicated UTI can be self-limiting in humans26 and it is possible

that neither treatment provided a beneficial effect. However, informa-

tion from the medical records suggested that longer intervals free of

clinical signs were noted in dogs after treatment with ASB E. coli
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212 compared to before the treatment with this biotherapeutic.

Because our study took several years to enroll the necessary number

of dogs, we were able to follow a similar number of dogs in each group

over a longer time period to evaluate their clinical response. These data

provided more support that antimicrobial treatment might be able to

be reserved for selected cases of UTI. However, these findings should

be interpreted with caution because we did not have longer term

follow-up on all dogs, and therefore, we were not certain if they contin-

ued to develop recurrent clinical UTI. Cystourethroscopy was not

required before study enrollment, but it is uncommon for dogs that

have normal genitourinary abdominal ultrasound findings to have clini-

cally relevant urodendoscopy findings.27 However, 7 dogs in group

1 and 8 dogs in group 2 did have uroendoscopy performed. Except for

the 2 dogs with ectopic ureters, no underlying comorbidities to account

for the recurrent UTI were noted in the other 13 dogs.

Although we did not perform molecular diagnostics to confirm the

ASB E. coli 212 after instillation, based on our previous studies, this

biotherapeutic has an identifiable antimicrobial susceptibility pattern.

Furthermore, if this treatment becomes available for clinical use, it will

provide general practitioners a method to easily identify the strain.

Finally, the concentration of bacteria in each instillation remained con-

stant. Some of the dogs improved only after a second ASB E. coli

212 administration. Thus, it is possible there might be a dose-dependent

response to ASB E. coli 212 and increased administered concentrations

of bacteria could have led to a higher proportion of the dogs achieving

clinical cure, microbiological cure, or both.

6 | CONCLUSION

In summary, we demonstrated that up to 2 intravesicular administra-

tions of ASB E. coli 2-12 were not inferior to antimicrobial

administration for the treatment of recurrent UTI in dogs. Neither

group had any serious adverse effects in our study. This biotherapeutic

appears to be a reasonable treatment for dogs with recurrent clinical

UTI. Future studies should evaluate the ideal dose and frequency of

ASB E. coli 212 concentrations.
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