Received: 7 March 2018

Accepted: 5 October 2018

DOI: 10.1111/jvim.15349

STANDARD ARTICLE

Journal of Veterinary Internal Medicine AC\?/I M
Ao Collgeat

American College of
Veterinary Internal Medicine

Clinical, histopathologic, cystoscopic, and fluorescence in situ
hybridization analysis of proliferative urethritis in 22 dogs

Moria A. Borys?

| Sean E. Hulsebosch? | F.Charles Mohr® | Katherine D. Watson® |

Jane E. Sykes? | Kenneth W. Simpson® | Jodi L. Westropp?

Veterinary Medical Teaching Hospital,
University of California-Davis School of
Veterinary Medicine, California

2Department of Medicine and Epidemiology,
Veterinary Medical Teaching Hospital,
University of California-Davis School of
Veterinary Medicine, California

3Department of Anatomic Pathology,
Veterinary Medical Teaching Hospital,
University of California-Davis School of
Veterinary Medicine, California

“Department of Clinical Sciences, Cornell
University College of Veterinary Medicine,
New York

Correspondence

Jodi L. Westropp, Department of Medicine
and Epidemiology, Veterinary Medical
Teaching Hospital, University of California-
Davis School of Veterinary Medicine, One
Shields Avenue, Davis, CA 95616.

Email: jlwestropp@ucdavis.edu

Funding information

Center for Companion Animal Health, School
of Veterinary Medicine, University of
California-Davis, Grant/Award Number:
2016-32-R

Background: Proliferative urethritis (PU) is a lower urinary tract disease of dogs characterized
by frond-like lesions in the urethra. The etiology of PU is unknown, although an association with
bacterial cystitis is reported.

Objectives: Deep-seated bacterial cystitis is associated with PU, particularly in dogs with neu-
trophilic or granulomatous inflammation.

Animals: Twenty-two client-owned dogs with PU and 5 control dogs euthanized for non-urinary
disease.

Methods: In retrospective analysis, medical records of dogs with PU from 1986 to 2016 were
reviewed. Signalment, clinical signs, cystoscopic findings, antimicrobial use, and results of urine,
bladder, or urethral tissue cultures, if available, were recorded. Histopathology was reviewed
and classified as lymphocytic-plasmacytic (LP), neutrophilic, LP-neutrophilic (LPN), granuloma-
tous, or pleocellular. Eubacterial fluorescence in situ hybridization (FISH) was performed on
18 tissue samples (13 cases, 5 controls), with subsequent evaluation of bacterial species.
Results: Of the 22 dogs, 9 had LP urethritis, 6 had LPN, 4 had pleocellular, and 3 had neutro-
philic urethritis. Of note, 7 of 13 PU samples were FISH+ for adherent or invasive bacteria; 1 of
5 controls were FISH+ for adherent bacteria. Five dogs had negative urine and tissue cultures
when FISH was positive. There was no association detected between the type of urethral
inflammation and the results of urine and tissue culture or FISH.

Conclusions and Clinical Importance: The type of inflammation varied widely in these 22 PU
cases. Deep-seated bacterial urethritis could be contributing to the inflammatory process in
some dogs, regardless of the inflammation type. Urine and tissue cultures likely underestimate
bacterial colonization of the urethra in dogs.
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1 | INTRODUCTION

hybridization; IBC, intracellular bacterial communities; LP, lymphocytic-plasma-

cytic; LPN, lymphocytic-plasmacytic neutrophilic; LUT, lower urinary tract; PU,
proliferative urethritis; UTI, urinary tract infection; VMTH, Veterinary Medical

Teaching Hospital.

This study was presented as an oral abstract at the 2017 ACVIM Forum in

National Harbor, Maryland.

Proliferative urethritis (PU) in dogs is characterized by a “frond-like”
inflammatory tissue within the urethral lumen. Affected dogs might
exhibit clinical signs including stranguria, hematuria, pollakiuria, and

dysuria, or can present with partial or complete urethral obstruction.
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Originally, the term “granulomatous urethritis” was given to this con-
dition because of the presence of large numbers of macrophages in
biopsy specimens; however, granulomatous inflammation is not
always present.?? Previous descriptions of urethral biopsies have
included granulomatous,® lymphoplasmacytic,* neutrophilic,® and
mixed inflammation with lymphocytes, plasma cells, neutrophils, and
eosinophils.! Because of the variety of inflammatory cells reported
and the abundant luminal tissue ingrowth typically visualized on
urethroscopy, the term “proliferative urethritis” is now more com-
monly used in the veterinary literature to describe this disorder.

The etiology of PU has not been elucidated, and a number of
treatments have been employed with variable outcomes. These
treatments include administration of antimicrobials, nonsteroidal
anti-inflammatories, glucocorticoids, and immunosuppressive medica-
tions.! When the urethritis is severe enough to cause urethral
obstruction, surgical interventions involving urethral resection,?
cystostomy tube placement,® and placement of transurethral metallic
stents* have been utilized. PU might develop because of recurrent or
deep-seated bacterial cystitis and urethritis, an immune-mediated
process, or a combination of both.*

Although aerobic bacterial urine cultures (ABUC) can be positive
at the time of diagnosis, it remains unclear if urinary tract infection
(UTI) is a cause or consequence of the proliferative uroepithelial tis-
sue. Some dogs have responded to antimicrobial treatment alone,!
supporting an underlying infectious etiology. Culture of mucosal biop-
sies could be more informative than urine; 17% of bacterial cultures
from bladder mucosa are positive with a concurrent negative urine
culture, suggesting that ABUC underestimates bacterial colonization
within mucosal tissues.® Furthermore, many clinicians initiate empiric
antimicrobial treatment before urethral biopsy acquisition, complicat-
ing definitive identification of bacterial infection. Therefore, tissue cul-
tures or advanced diagnostics to probe for deep-seated bacterial
infections in PU cases might be required in some cases.

Fluorescence in situ hybridization (FISH) is a culture-independent
technique that can be utilized to identify the presence, number, and
spatial distribution of bacteria within formalin-fixed tissues.® Given
the association between PU and UTI, FISH analyses of affected
urethral tissues could further elucidate the etiopathogenesis of PU.

The aims of our study were to describe the clinical characteristics,
cystoscopy findings, histopathology, and results of aerobic bacterial
urine and tissue cultures in dogs with biopsy-confirmed PU. In addi-
tion, FISH was performed to probe for mucosally associated bacteria
in urethral tissue biopsies. We hypothesized that mucosally associated
bacteria drive urethritis and tissue proliferation in cases of PU and
that these bacteria would be associated with suppurative or granulo-

matous urethritis.

2 | MATERIALS AND METHODS

2.1 | Study population

A retrospective search of the electronic veterinary medical record
database of the William R. Pritchard Veterinary Medical Teaching
Hospital (VMTH) at the University of California, Davis, for cases of
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proliferative or granulomatous urethritis from 1986 to 2016 was per-
formed. Any dog with this diagnosis based on a combination of clinical
suspicion, cystoscopic, or necropsy findings, and histopathology was
considered for inclusion. Dogs were excluded if histopathology of the
urethra was not available or if evidence of neoplasia was present upon
review.

The following data were recorded for each dog at the time PU
was diagnosed: signalment, clinical signs, history of urolithiasis, body
weight and body condition score (BCS), cystoscopic findings, adminis-
tration of antimicrobials at the time of biopsy, and results of ABUC
(both at the time of biopsy and for 6 months before biopsy) or tissue

culture.

2.2 | Urine and tissue cultures

All urine and tissue specimens had been submitted to the University
of California, Davis, VMTH microbiology laboratory for routine urinal-
ysis, and aerobic bacterial culture was prepared by inoculation of
either 10 pL of urine or a sample of tissue onto 5% defibrinated
sheep's blood agar and MacConkey agar; plates were subsequently
incubated at 35°C in room air with added 5% CO.,. Tissue specimens
were also inoculated into tryptic soy enrichment broth, which was
subsequently incubated at 35°C in room air; subculture onto 5% defi-
brinated sheep's blood agar and MacConkey agar was performed if
any cloudiness was detected. Susceptibility testing using the Clinical

Laboratory Standards Institute methodology was performed.®

2.3 | Histopathologic analysis

All biopsy specimens were reviewed by a board-certified anatomic
pathologist (F.C.M.) and anatomic pathology resident (K.W.) and were
categorized as primarily consisting of (1) lymphocytic-plasmacytic (LP),
(2) neutrophilic, (3) LP and neutrophilic (LPN), (4) granulomatous, or
(5) pleocellular inflammation. Postmortem tissues were also collected
in a nonsterile manner from 5 dogs that were euthanized, in a median
time of 20 hours (range 4-26 hours) after euthanasia, for non-lower
urinary tract disease (LUTD), and were embedded in paraffin blocks
and were used as control tissues, reviewed by the same pathology
team. Gram staining was performed using standard techniques in all
dogs (including controls) that had sufficient tissue remaining for FISH

analysis.

2.4 | FISH analysis

Paraffin-embedded blocks, including those from the control dogs, with
sufficient remaining urethral tissues were submitted to the Cornell
University College of Veterinary Medicine for FISH analysis. FISH
analysis was carried out as previously described.” In brief, 5 sections
of each paraffin block were cut into 5-pm thick sections and placed
on separate charged glass slides. Eubacterial 16S rRNA probes
(EUB338-Cy3) were utilized for the initial FISH analysis; the irrelevant
probe non-EUB338-6FAM was also applied as a negative control.
FISH analysis was considered positive if either tissue-adherent or
adherent and invasive bacteria were seen and negative if no bacteria

were visualized with fluorescent microscopy.
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Subsequent FISH analyses targeted bacterial species of interest;
this was based on the results of concurrent tissue or urine cultures, as
well as bacterial morphology as visualized on initial FISH analysis. 16S
rRNA probes specific to Escherichia coli, Streptococcus, and/or

Staphylococcus were used where indicated.”

2.5 | Statistical analysis

Descriptive statistics were utilized to describe the signalment, clinical
signs, and characteristics of the dogs with PU, cystoscopic findings,
histopathology results, urine and tissue culture, and FISH analysis
results.

3 | RESULTS

3.1 | Study and control populations

Twenty-three dogs with biopsy-confirmed PU were identified; 22 had
sufficient formalin-fixed tissue available for histopathologic review. Of
22 urethral tissue specimens, 19 were procured via cystoscopy,
whereas 3 were obtained via necropsy. Fourteen dogs were female
(13 spayed, 1 intact), and 8 were male (7 castrated, 1 intact). The
median age was 8.6 (range, 0.4-15.0) years. Weight and BCS data
were available for 19 of 22 dogs; median weight was 32.4 (range,
7.3-50.1) kg, whereas median BCS was 5.5 (range, 3-9). Fourteen dogs
(74%) weighed >20 kg. The German Shepherd dog was the most com-
mon breed (5/22; 23%), and the breed was overrepresented in the
study population as compared to the hospital population during the
study period (odds ratio [OR] 7.21, 95% confidence interval [CI]:
2.66-19.54; P < .001). This was followed by mixed breed dogs (4/22;
18%) and Labrador Retrievers (3/22; 14%), neither of which were
found to be overrepresented in the study population (mixed breeds:
OR 0.87, 95% Cl: 0.29-2.56, P = .80; Labrador Retrievers: OR 1.78,
95% Cl: 0.53-5.99, P = .36). There were also 1 each of Shih Tzu, Lhasa
Apso, Bull Mastiff, Cairn Terrier, Border Collie, Shetland Sheepdog,
Dalmatian, Airedale Terrier, English Terrier, and Saint Bernard.

Five dogs that were euthanized or died of causes unrelated to
LUTD were included as negative controls for FISH analysis of urethral
tissue. Of these, 3 dogs were spayed females and 2 dogs were cas-
trated males. Median age was 10.3 years (range, 5.2-15.1 years).
Median weight was 26.0 kg (range, 3.5-35 kg). Breeds represented
included Papillon, Labrador Retriever, Weimaraner, Cavalier King

Charles Spaniel, and Rhodesian Ridgeback cross.

3.2 | Clinical signs

Clinical signs were available for 20 of 22 dogs (Table 1). Most had
stranguria (12/20, 60%), urinary incontinence (9/20, 45%), or polla-
kiuria (8/20, 40%). In addition to these signs, 7 of 20 dogs (35%) had
been diagnosed with urolithiasis at least once; 4 dogs had been
removed before the time of cystoscopic biopsy, ranging from 3 weeks
to 4 years prior. These uroliths were composed of struvite (2), silica
and calcium oxalate (1), or were of unknown composition, because
they were not submitted for analysis (1). Of the remaining 3 dogs,

1 had a calcium oxalate stone retrieved at the time of cystoscopic

TABLE 1 Clinical signs in dogs with proliferative urethritis, where
data were available (n = 20)

Clinical sign Number
Stranguria 12 (60%)
Urinary incontinence 9 (45%)
Pollakiuria 8 (40%)
Urethral obstruction 7 (35%)
Polyuria/Polydipsia 6 (30%)
Periuria 5(25%)
Inappetence 5(25%)
Malodorous urine 3(15%)
Hematuria 2 (10%)

Abbreviations: PU/PD, Polyuria/polydipsia.

biopsy and 1 was euthanized because of urethral obstruction occur-
ring secondary to both proliferative tissue and multiple uroliths com-
posed of urate and silica. The final dog had small recurrent stones
visualized on cystoscopy 2 years after original removal of stones;
these stones were not submitted for evaluation at either time point.
One additional dog had a urethral plaque lesion noted on cystoscopy,
but no distinct stone was visualized.

Two of 8 male dogs had a reported history of bacterial prostatitis;
one of these dogs was intact at the time of PU diagnosis. The other
dog had been castrated approximately 2 years previously (at 10 years
of age) because of stranguria and suspected prostatitis; however, clini-
cal signs did not fully resolve after neuter, and this dog experienced
recurrent intermittent stranguria and urinary incontinence until the
time of evaluation when the PU when diagnosed.

Most dogs (13/21, 57%) had been treated with antimicrobials for
>24 hours before biopsy collection; antimicrobial data were not avail-
able for 1 dog. Antimicrobials administered as well as the dosages and
durations varied and included penicillins/cephalosporins (7 dogs),
fluoroquinolones (4 dogs), sulfonamides (2 dogs), tetracyclines (1 dog),
and chloramphenicol (1 dog). The 2 dogs treated with combination

treatment both received a penicillin and a fluoroquinolone.

3.3 | Cystourethroscopy findings

Nineteen of the 22 dogs had cystoscopy performed. All 19 of these
dogs had evidence of proliferative, “frond-like,” or irregular tissue pro-
jections into the urethral lumen (Figure 1). Gross evidence of cystitis,
based on the findings of hyperemic, or thickened bladder wall, was
present in 13 of the 19 (68%) dogs. Of 13 female dogs, 8 had gross
evidence suggestive for vestibulitis, which ranged from a mild cobble-
stone appearance in the vestibule to more severe proliferative tissue
or purulent discharge surrounding the external urethral meatus.
Fibrous bands, pseudomembranes, or strictures were noted within the
urethra of 6 dogs. Discrete mass lesions within the urethra or at the
external urethral meatus were noted in 5 dogs, 2 of which had prolif-
erative tissue in the region of the “mass” only. One dog had multiple
mineral plaques visualized within the urethra as well as within a ure-
thral diverticulum. Lastly, 1 dog had an accumulation of foreign mate-
rial (hair and viscous material that appeared grossly purulent) in the

distal urethra, with tissue irregularities focused around this site.
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FIGURE 1

Representative urethroscopy image, showing typical
“frond-like” appearance of proliferative urethral mucosa

3.4 | Histopathology, ABUC, tissue culture, and FISH
results

Histopathology was performed on all 22 dogs (Table 2). Of the 19 dogs
that had biopsies obtained via cystoscopy, 2 also had necropsy per-
formed. Only 3 dogs had biopsies obtained at necropsy only. Almost
all categories of inflammation were identified. LP inflammation was
the most common inflammatory process noted (9/22, 40%), followed
by LP and neutrophilic (LPN) in 6 of 22 dogs (27%). Pleocellular
inflammation was noted in 4 of 22 dogs (18%); this category included
2 dogs with eosinophilic inflammation in addition to LPN and 2 dogs
with histiocytic inflammation in addition to LP or LPN inflammation.
Purely neutrophilic inflammation was noted in 3 of 22 dogs (14%). No
dog had purely granulomatous inflammation. Representative hema-
toxylin and eosin urethritis histopathology is in shown Figure 2A-C.
Histopathologic abnormalities were absent in urethral tissue from the
5 negative control dogs.

Eleven of 22 dogs (50%) had =1 ABUC documented in the
6 months before biopsy collection, and one result was removed from
further analysis because of unclear results (positive ABUC was docu-
mented in the electronic medical record but no further information
was available). Of the remaining dogs, 9 of 10 (90%) were positive for
bacterial growth at least once and 5 (50%) had a positive ABUC 22
times. Perioperative ABUC was performed in 19 of 22 (86%) dogs
(1/3 dogs at the time of necropsy and 18/19 dogs at the time of cys-
toscopy). Six of 18 ABUC (33%) performed at the time of cystoscopy
and the single ABUC performed at the time of necropsy were positive;

Ve
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edicine

these cultures were distributed among all types of identified inflam-
matory groups (Table 2).

Tissue cultures were performed in 10 dogs (8 bladder, 4 urethral;
2 dogs had both cultured during the same cystoscopic procedure);
ABUC was performed in 9 of 10 of these dogs (Table 2). All 8 bladder
tissue cultures were negative, including 1 dog that had a positive cul-
ture for E. coli on urethral mucosal biopsy. Positive urethral cultures
were noted in 3 of 4 dogs; organisms included E. coli (from enrichment
broth only), coagulase-negative Staphylococcus, and mixed growth of
Staphylococcus pseudintermedius and Fusobacterium. Urethral histopa-
thology classifications for the 3 dogs with positive urethral cultures
included LP, LPN, and pleocellular inflammation, respectively.

Thirteen dogs had sufficient urethral tissue remaining for FISH
analysis. FISH was positive in 7 of 13 (54%) dogs, of which 2 of
13 (15%) dogs had adherent bacteria and 5 of 13 (39%) dogs had
adherent and invasive bacteria (Table 2). These FISH+ samples were
distributed among all 4 histopathological categories. Of the 7 dogs
with FISH+ results, 5 had received antimicrobials for >24 hours pre-
ceding biopsy, as compared with 4 of 5 (80%) dogs with negative FISH
results (data missing for 1 dog). Representative FISH images are
shown in Figure 3A-C. One of the 5 negative control (necropsy) sam-
ples was FISH+ for adherent bacteria; however, all 5 control samples
were FISH- for adherent and invasive bacteria.

When comparing results of the 11 dogs with FISH analysis and
perioperative ABUC, the ABUC was negative in 7 of 11 (64%) dogs,
including 3 dogs with positive FISH results. Moreover, FISH was posi-
tive in 5 dogs when corresponding bladder, urethral tissue cultures, or
both were negative. Four of 7 FISH+ dogs (57%) had positive urine or
urethral tissue cultures at the time of biopsy; this included 1 dog with
Enterococcus faecium cultured on ABUC only (bladder tissue culture
negative), 1 dog with mixed growth from both urine and urethral tis-
sue, and 2 dogs with E. coli cultured on ABUC. The 2 dogs with E. coli
each had both bladder and urethral tissue cultured, with growth of
E. coli from both samples in 1 dog and ABUC only in the other.

Follow-up FISH analyses, with species-specific probes guided by
morphology and results of urine culture, were performed in all FISH+
samples. All 7 dog tissue samples were stained with E. coli and Entero-
coccus probes. Six dogs had rods visualized in urothelial tissues; 2 dogs
had positive staining for E. coli (Figure 4), both of which had positive
ABUC for this organism. Staining with probes specific for Enterococcus
yielded 1 positive result, with small clusters of positive bacteria visual-
ized in bladder mucosa. That dog had a negative ABUC at the time of
biopsy. Probes specific for Staphylococcus (Figure 5) were positive in

the case that contained the urethral plaque, with bacteria visualized

TABLE 2 Urethral histopathology, ABUC, tissue culture, FISH analysis, and duration of antibiotics at the time of biopsy in 22 dogs with

proliferative urethritis

Urethral histopathology Number ABUC+  Bladder mucosa culture+  Urethral mucosa culture+  FISH+  AB >24 hours
Lymphocytic + plasmacytic 9 2/7 0/3 1/2 3/5 6/8
Lymphocytic + plasmacytic, neutrophilic 6 1/6 0/4 1/1 2/4 5/6
Pleocellular 4 2/2 0/1 1/1 1/2 1/4
Neutrophilic 3 1/3 1/2 1/3

Total 22 6/18 0/8 3/4 7/13 13/21

Abbreviations: ABUC, aerobic bacterial urine culture; FISH, fluorescent in situ hybridization; +, the presence of bacteria on culture or FISH analysis;
AB > 24 hours, antimicrobials administered to the dog for at least 24 hours or more before biopsy and culture being performed.
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FIGURE 2 Representative histopathology results. (A) Hematoxylin and eosin (H&E) stain (magnification, x200) of a urethral tissue sample from a
dog with pronounced lymphocytic-plasmacytic (LP) inflammation. Aerobic bacterial urine culture and bladder tissue culture were both negative in
this dog. (B) Lymphocytic-plasmacytic neutrophilic (LPN) inflammation seen in a dog with a positive urine culture result for Enterococcus faecium
(H&E, magnification, x200). (C) Pleocellular inflammation (H&E, magnification, x200). This sample displays LP and histiocytic inflammation;
bacteria were also visible histopathologically within a urethral plaque lesion (not shown). Solid arrows indicate the epithelial layer; hatched arrows

indicate the submucosa

both within the plaque lesion and in discrete clusters within the blad-
der epithelium; ABUC in that dog had mixed growth, including
S. pseudintermedius. All 4 dogs with positive staining for species-
specific pathogens had adherent and invasive bacteria visualized
on FISH.

Gram staining was negative in 12 of 13 (92%) dogs in which suffi-
cient tissues remained for analysis. Large numbers of gram-positive
cocci were noted in a urethral plaque lesion in a single dog (where
intralesional bacteria were visualized on histopathology); however,
insufficient urethral tissues remained in that case to evaluate whether
bacteria could also be seen within urethral mucosa. Gram staining was

negative in all 5 control dogs.

4 | DISCUSSION

The present study of 22 dogs with PU utilized FISH analysis to probe
for mucosally associated bacteria in urethral tissue biopsies of dogs
with PU. We have shown that a variety of types of urethral inflamma-
tion can be present in dogs with PU. Contrary to our hypothesis, there
was no apparent association between the type of urethritis and the

presence or absence of bacteria on ABUC, tissue culture, or FISH.

Although 54% of urethral specimens harbored deep-seated bacterial
infection via FISH, corresponding ABUC were positive in only 3 of
7 FISH+ dogs. Urethral bacterial cultures were more often positive
than bladder tissue cultures, even when obtained simultaneously from
the same dog. Overall, these data suggest that urine and bladder tis-
sue cultures underestimate the true prevalence of bacterial coloniza-
tion of the urethra; both urethral tissue culture and urethral FISH
analysis might provide useful complementary diagnostics for dogs
with biopsy-confirmed PU in which a bacterial etiology is suspected.

All 4 dogs with pathogen-specific FISH+ staining had adherent
and invasive bacteria. These dogs were positive for E. coli (2 dogs),
Enterococcus (1 dog), and Staphylococcus (1 dog), all of which have the
ability to invade the uroepithelium.2-? If a causative role of bacteria
exists, our findings suggest that the syndrome of PU in some dogs
might be a manifestation of a severe inflammatory response to inva-
sion of uroepithelial tissues by a variety of pathogenic bacteria, rather
than a pathogen-specific response.

Abnormal and inflamed urethral tissue in dogs could be prone to
bacterial colonization. Although 16S rRNA techniques have been uti-
lized to document a number of gram-positive bacterial species in men
with urethritis,*®> these pathogens might colonize some patients
because of the changes this disease process causes.***> Thus, it is

FIGURE 3 Representative fluorescent in situ hybridization (FISH) analysis results. (A) Negative FISH analysis, from same dog as in Figure 2A
(magnification, x200). (B) Superficially, adherent bacteria visualized on FISH; morphology difficult to ascertain (magnification, x400), from same
dog as in Figure 2B. (C) Adherent and invasive bacteria, with a mixture of cocci and short rods (magnification, x200), from same dog as in
Figure 2C. FISH analysis stains: blue, 4’,6-diamidino-2-phenylindole (nuclear stain); green, anti-vimentin (for tissue architecture); red,
EUB338-Cy3 (16S rRNA probe, bacterial stain). Solid arrows indicate the epithelial layer; hatched arrows indicate the submucosa
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FIGURE 4 Pathogen-specific fluorescent in situ hybridization (FISH)
staining for Escherichia coli (magnification, x400); single positive-
staining rod visible within urethral mucosa (arrow). Aerobic bacterial
urine culture was also positive for E. coli in this dog, despite receiving
treatment with amoxicillin-clavulanic acid for >24 hours at the time of
biopsy. FISH analysis stains: blue, 4’,6-diamidino-2-phenylindole
(nuclear stain); green, anti-vimentin (for tissue architecture); red,

E. coli-specific 16S rRNA probe. Solid arrows indicate the epithelial
layer; hatched arrows indicate the submucosa

difficult to say with certainty whether bacteria observed in specimens
from dogs incited the development of proliferative urethral tissue or
whether their colonization was a consequence of the aberrant prolif-
erative tissue itself. FISH analysis of normal dog urethral tissue did
not consistently show bacterial colonization, with just 1 of 5 control
specimens showing bacteria that were adherent but not invasive; this
sample was collected at necropsy and might represent a contaminant,
although true bacterial adherence cannot be ruled out. Broader stud-
ies of normal dog’s urethral tissue could help to clarify this finding.
The lack of consistent association between some urethral FISH
results and urine and urethral/bladder tissue culture results in the pre-
sent study suggests that aerobic culture methods might underestimate
bacterial colonization of urogenital tissues. Relapsing bacterial cystitis
has been hypothesized to be due to intracellular bacterial communi-
ties (IBC), which can emerge days to weeks after cessation of antimi-

crobial treatment.!!

This has been described in uropathogenic E. coli
(UPEC), which forms intracellular colonies just under the surface of
the superficial urothelium.2® IBC play a critical role in the pathogenesis
of UPEC by providing a reservoir where massive replication can
occur.*>*%1” However, our study has not demonstrated that isolated
intraurethral bacteria were intracellular or extracellular throughout the
epithelium.

Not all dogs of the present study had evidence of bacterial infec-
tion at the time of biopsy. Nine of 19 dogs (47%) that underwent cys-
toscopy had no evidence of infection on ABUC, tissue culture, or
FISH analysis; however, 8 of 9 dogs were receiving antimicrobials at
the time of biopsy, complicating interpretation. Although chronic bac-
terial infection might play an important role in many cases of PU, it
does not completely explain its pathogenesis. PU is often a clinical
“visual diagnosis” made during cystoscopy that is then subcategorized
via histopathology after urinary neoplasia has been excluded. It is

probable that more than 1 underlying mechanism contributes to the

FIGURE5 Pathogen-specific fluorescent in situ hybridization (FISH)
staining for Staphylococcus (magnification, x400); cluster of positive-
staining cocci visualized within urethral mucosa (same dog as in
Figures 2C and 3C). Staphylococcus pseudintermedius was cultured
from both aerobic bacterial urine culture and urethral tissue in this
dog. FISH analysis stains: blue, 4,6-diamidino-2-phenylindole (nuclear
stain); green, anti-vimentin (for tissue architecture); red,
Staphylococcus-specific 16S rRNA probe. Solid arrows indicate the
epithelial layer; hatched arrows indicate the submucosa

formation of proliferative urethral intraluminal tissue. However, a limi-
tation of our study was the low number of cases identified; in search-
ing 30 years of electronic records at a large veterinary teaching
hospital, only 23 cases were identified.

We hypothesized there would be an association between the
specific type of histopathologic inflammation and the presence or
absence of bacteria detected via ABUC, tissue cultures, and FISH
analysis of urethral tissues; however, positive urine and tissue cultures
were noted for all categories of inflammation. We anticipated that the
presence of bacteria would incite a neutrophilic or granulomatous
inflammatory response; just 1 of 3 dogs with purely neutrophilic ure-
thritis had a positive ABUC at the time of biopsy (E. coli), with no FISH
analysis performed (and no history of antimicrobial administration). Of
the other 2 cases, 1 had adherent/invasive rod-shaped bacteria visual-
ized (also with no prior antimicrobial administration) and the other
was FISH negative, while receiving treatment with trimethoprim-
sulfamethoxazole for >24 hours. Thus, neutrophilic inflammation was
not associated directly with a bacterial etiology in this limited number
of cases, although antimicrobial administration complicates interpreta-
tion of these data. Despite the historical nomenclature of “granuloma-
tous urethritis,” purely granulomatous inflammation was not present
in any dog and a component of granulomatous inflammation was
noted in only 2 of 22 (9%) cases.

The majority of biopsy specimens (19/22, 86%) contained at least
some degree of LP inflammation, including all 4 pleocellular samples.
This might suggest an underlying sterile inflammatory condition, as a
previous case report has suggested.> However, LP inflammation in our
study did not necessarily indicate an absence of bacteria on ABUC or
FISH analysis, and its presence cannot be taken to imply a sterile or
immune-mediated process on the basis of these data. Of 12 dogs
with negative ABUC at the time of biopsy collection, 5 had LP inflam-
mation, 2 had neutrophilic inflammation, and 5 dogs had LPN
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inflammation. The presence of urolithiasis also did not seem to affect
histopathologic results, with a wide variety of results in the 7 dogs
with concurrent or previous urolithiasis. Thus, it appears that the type
of urethral inflammation in PU is nonspecific and must be interpreted
in combination with other findings.

Given the small number of cases and extended time span of the
study period, it is difficult to make any conclusions regarding breed
susceptibility; nonetheless, nearly one-quarter (5/22) of the dogs in
the present study were German Shepherd dogs, and they were over-
represented in the study population as compared to the hospital pop-
ulation at large. All 3 Labrador Retrievers in the study population were
male, and they made up nearly half of the male population of the
study. Although the majority (74%) of dogs were >20 kg, this likely
partially represents sample bias, as obtaining cystoscopic biopsies is
more challenging in smaller dogs (particularly small male dogs), and
only 5 dogs in our study had biopsies obtained at necropsy. Cysto-
scopic findings in the present study were generally similar to those
that have been described in other reports of PU. An unexpected find-
ing was the relatively large number of dogs with documented urolith-
iasis (7/22, 32%), of which only 2 were composed of struvite.
Histopathology findings in these dogs might have been primarily
because of stone formation, with subsequent regional urethral inflam-
mation and tissue proliferation; however, it is equally plausible that
tissue proliferation occurred before stone formation, predisposing
these dogs to urethral obstruction.

Our study is retrospective in nature, and definitive conclusions
about cause and effect are not possible. Prospective studies would be
needed to document and treat deep-seated bacterial infections, monitor
for resolution of clinical signs, and obtain urethral biopsies for culture
and FISH analyses after treatment; a similar approach has been utilized
in previous studies utilizing this diagnostic for granulomatous colitis in
Boxer dogs.® Data collection over an extended time period is another
limitation of our study; inconsistent medical record-keeping, particularly
from the older cases, made comparisons difficult. The quality and quan-
tity of biopsy specimens available for review varied greatly, and pinch
biopsies might not be reflective of the entire urethral disease process.
The use of antimicrobials in many cases means negative culture and
FISH results must be interpreted with caution. Cases were managed by
various clinicians, which impacted treatment decisions, cystoscopic
samples obtained, and diagnostic results available. In addition, only
13 of 22 (59%) cases had sufficient formalin-fixed paraffin-embedded
tissue available for FISH analysis, limiting conclusions regarding deep-
seated bacteria in the remaining 9 cases. Finally, a larger control popula-
tion is also needed, that is age-matched and breed-matched.

In conclusion, although the present study further elucidates the
syndrome of PU in dogs, it failed to demonstrate a consistent associa-
tion between the type of urethral inflammation and the presence or
absence of bacterial infection. Despite the former name of this syn-
drome, purely granulomatous urethritis was not observed in any dog.
Bladder tissue culture and Gram staining were of limited use in this
population of dogs. FISH appears to be a useful complementary
modality to urine and urethral tissue cultures in identifying bacterial
invasion into urethral tissue; this could impact treatment decisions,

particularly with regard to antimicrobial selection and treatment

duration. Further prospective study is warranted to compare histopa-

thology with FISH analysis and compare treatment outcomes.
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