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Abstract

Background: In humans, Enterococcus spp. urinary tract infections (UTI) are com-
monly associated with urinary catheter-induced urothelial inflammation but this is
not the case in dogs.

Hypothesis/Objectives: To identify risk factors predisposing dogs to enterococcal
bacteriuria.

Animals: Seventy dogs with Enterococcus spp. bacteriuria (case) and 70 dogs with
Enterococcus coli bacteriuria (control).

Methods: A single center retrospective case-control study with subjects and controls
identified by a medical records search for Enterococcus spp. (subject) or E coli (control)
bacteriuria from January 1, 2014 to December 31, 2017. Cases and controls were
balanced with respect to average age and weight. Binary logistic regression was used
to estimate and test whether the odds of having Enterococcus spp. bacteriuria
(instead of E coli) were associated with the presence of any given characteristic.
Results: A history of recurrent bacteriuria was significantly more common in Entero-
coccus spp. cases than in E coli controls (odds ratio [OR]: 2.07; 95% confidence inter-
val [Cl]: 1.04-4.16, P = .04). Comorbidities associated with the presence of
Enterococcus spp. bacteriuria included lower urinary tract (LUT) anatomic abnormali-
ties (OR: 2.94; 95% Cl: 1.17-8.10, P = .02), urolithiasis (P = .01), and the presence of
LUT neoplasia (P = .04). Small frequencies (n = 12 and n = 6, respectively) compro-
mise our ability to precisely estimate the genuine OR for the latter 2 characteristics.
Conclusions and Clinical Importance: If the identified risk factors promote Enterococ-
cus spp. colonization in dogs via induced LUT inflammation similar to people then

Enterococcus spp. bacteriuria could be a sentinel for underlying LUT inflammation.
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1 | INTRODUCTION

Gram-positive enterococci are commensal microbiota of the mamma-

lian gastrointestinal tract. Despite generally exhibiting low virulence,
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enterococci have high pathogenic potential as they are capable of
growing in hypertonic, hypotonic, acidic, alkaline, aerobic, and faculta-
tive anaerobic environments permitting colonization of the bile, blood
and urine of dogs.'™ Once an enterococcal infection is present addi-
tional bacterial adaptations make eradication difficult. By means of
inherent and acquired traits this bacterial genus rapidly acquires
multidrug antimicrobial resistance making Enterococcus spp. patho-
gens increasing in importance in human and veterinary medicine.>¢ In
people, Enterococcus spp. are the third most common cause of noso-
comial infections and the second most common cause of complicated
urinary tract infections (UTI).>” In dogs, Enterococcus spp. are the
fourth to fifth most common bacteriuria isolate. Of dogs with Entero-
coccus spp. bacteriuria, nearly 50% display signs of lower urinary tract
(LUT) disease consistent with clinical UTI.%8?

In humans, Enterococcus spp. UTls are commonly urinary catheter-
associated, secondary to catheter induced urothelial injury and a subse-
quent local inflammatory response.®*! Unlike humans, routine urinary
catheterization is uncommon in dogs and a rare cause of recurrent
Enterococcus spp. UTI.*2 However, the prevalence of Enterococcus spp.
in dogs with recurrent UTI (17%-25%) is double the prevalence in all
UTl in dogs (8.8%-11.3%).%%12"24 These data can be interpreted to sug-
gest that in dogs risk factors other than catheterization create an
environment favorable for Enterococcus spp. colonization.

Enterococcal UTI in dogs is associated with comorbidities including
neurologic dysfunction, endocrinopathies, incontinence, corticosteroid
administration, urolithiasis, neoplasia, LUT anatomic abnormalities, chronic
kidney disease, and urinary catheterization.! To date, there is a lack of case
control studies that identify risk factors for the development of Enterococ-
cus spp. bacteriuria in dogs.

The purpose of this study was to identify risk factors predisposing
dogs to enterococcal bacteriuria by comparing clinical and pathologi-
cal variables between dogs presenting with Enterococcus spp. and
Escherichia coli (E coli) bacteriuria. Given the association between uri-
nary catheter-induced inflammation and enterococcal UTI in humans,
we hypothesized that conditions such as urolithiasis and neoplasia
that disrupt the urothelium would also be identified as risk factors for
enterococcal bacteriuria in dogs.

2 | MATERIALS AND METHODS

2.1 | Study design and population

This was a single center retrospective case-control study with cases
and controls selected so the 2 groups would be balanced with
respect to average age and weight. Subjects were identified upon
review of the University of Wisconsin-Madison Veterinary Teaching
Hospital Microbiology Service urine culture records from January
1, 2014 to December 31, 2017, as permitted by the hospital board.
Case subjects were dogs with significant Enterococcus spp. bacterial
growth from urine samples while control subjects were dogs with

significant E coli growth. Enterococcus coli was chosen as the control

organism given that it is the most common cause of significant bac-
teriuria in dogs.? Significant bacterial growth was defined as individ-
ual bacterial species colony forming units (cfu) >100 000 cfu/mL for
midstream free catch urine samples, >10 000 cfu/mL for urinary
catheter acquired samples and >100 cfu/mL for cystocentesis col-
lected samples.'®> Only information from the most recent episode of
Enterococcus spp./E coli bacteriuria was recorded for dogs with

multiple positive urine cultures.

2.2 | Study variables

Demographic data collected from the medical record for each subject
included age, weight, sex, and breed. Clinical data collected included the
presence/absence of urinary symptoms (stranguria, pollakiuria, dysuria,
and gross hematuria), recurrent bacteriuria defined as 22 documented
bacteriuria episodes in the last 6 months or 23 documented bacteriuria
episodes in the last year, and antibiotic use in the last 30 days. Comor-
bidity data collected from the medical record included the presence/
absence of diabetes mellitus, hyperadrenocorticism, renal azotemia, uro-
lithiasis, urinary incontinence, LUT neoplasia, neurogenic ataxia, ortho-
pedic ataxia, LUT anatomic abnormalities including a recessed vulva,
vestibulovaginal remnant, and ectopic ureters, corticosteroid or immu-
nosuppressive medication administration at the time of urine collection,
and a history of urinary catheterization in the last 30 days. Clinical
pathology variables recorded included urine specific gravity, the pres-
ence/absence of proteinuria or hematuria as identified via urine dipstick
analysis, and the presence/absence of 21-3 per high power field of
white blood cells or epithelial cells via urine sediment analysis. Microbi-
ology variables recorded included the number of bacterial species
isolated and the number of antibiotic classes to which the bacteria
had resistance. Antibiotic classes included penicillin, cephalosporin, fluo-
roquinolone, aminoglycoside, carbapenem, and other (such as
nitrofurantoin). Isolates were identified using biochemical identification
methods and/or a commercial identification system (Vitek 2, BioMérieux
Inc, Durham, North Carolina). A commercial system was also used to
determine each isolate's antibiotic minimal inhibitory concentrations
(Sensititre, TREK Diagnostic Systems, Cleveland, Ohio) and interpreted
based on the Clinical and Laboratory Standards Institute guidelines for

antimicrobial susceptibility.*¢-18

2.3 | Statistical methods

Categorical characteristics of interest were summarized through fre-
guencies and percentages for cases and controls, while continuous
variables were summarized through means and SD. Binary logistic
regression was used to estimate and test whether the odds of having
Enterococcus spp. bacteriuria (instead of E coli) were associated with
the presence of any given characteristic. Significance was assessed
using a likelihood ratio test from the logistic regression model, and

odds ratios (ORs) found by inverting the test. Preliminary power
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TABLE 1 Frequency and percent occurrence of various characteristics in dogs with Enterococcus or Escherichia coli UTI. The P-value given
assesses overall significance (via likelihood ratio test) of the characteristic among levels of a given categorical factor; estimated odds ratios (Est.
OR) show increase (or decrease) in the odds associated with Enterococcus infection for each level of a given factor relative to the indicated
reference level, or relative to the geometric mean of the odds (GM odds) for factors with several levels where a definitive reference would
otherwise be arbitrary

Characteristic, n (%) P-value Case (n = 70) Control (n = 70) Est. OR 95% ClI
Weight (kg) .59
GM odds = 1.038:1
(4,10] 17 (24.3) 19 (27.1) 0.862 0.483, 1.531
(10,20] 16 (22.9) 10 (14.3) 1.542 0.809, 3.029
(20,30] 17 (24.3) 21(30.0) 0.780 0.440, 1.371
(30,80] 20 (28.6) 20 (28.6) 0.964 0.552,1.681
Sex .23
GM odds = 0.700:1
Male/intact 3(4.3) 6(8.6) 0.715 0.212,2.071
Female/intact 6 (8.6) 11 (15.7) 0.780 0.317, 1.829
Female/spayed 54(77.1) 43 (61.4) 1.795 1.020, 3.250
Male/neutered 7 (10.0) 10 (14.3) 1.000 0.420, 2.334
Other bacteria detected 24
0 39 (55.7) 46 (65.7) Ref
1 27 (38.6) 23(32.9) 1.385 0.688, 2.807
2 4(5.7) 1(1.4) 4718 0.664, 94.30
Resistance pattern .33
No resistance 20 (28.6) 28 (40.0) Ref
Resistant to 1 class 19 (27.1) 21 (30.0) 1.267 0.544, 2.966
Resistant to 2 classes 12 (17.1) 9(12.9) 1.867 0.666, 5.396
Resistant to 3+ classes 19 (27.1) 12 (17.1) 2217 0.891, 5.694
Infection type .04
New infection 26 (39.4) 39 (57.4) Ref
Recurrent 40 (60.6) 29 (42.6) 2.070 1.040, 4.160
Clinical signs of LUTD 21
No 30 (44.8) 24 (34.3) Ref
Yes 37 (55.2) 46 (65.7) 0.640 0.320, 1.280
Antibiotic Tx within 30d before presentation .18
No 44 (63.8) 52(74.3) Ref
Yes 25 (36.2) 18(25.7) 1.640 0.800, 3.430
History of urinary catheterization .23
No 56 (84.8) 64 (91.4) Ref
Yes 10 (15.2) 6(8.6) 1.900 0.660, 5.910
Diabetes mellitus .70
No 67 (95.7) 66 (94.3) Ref
Yes 3(4.3) 4(5.7) 0.740 0.140, 3.470
Hyperadrenocorticism 1.00
No 65 (92.9) 65(92.9) Ref
Yes 5(7.1) 5(7.1) 1.000 0.270, 3.750
Steroid treatment .03
No 64(91.4) 55(78.6) Ref
Yes 6(8.6) 15(21.4) 0.340 0.120, 0.910

(Continues)
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TABLE 1 (Continued)

Characteristic, n (%) P-value Case (n = 70) Control (n = 70) Est. OR 95% CI
Immunosuppressive Tx 44
No 54 (77.1) 50 (71.4) Ref
Yes 16 (22.9) 20 (28.6) 0.740 0.340, 1.580
Kidney disease 77
No 63(90.0) 64 (91.4) Ref
Yes 7 (10.0) 6(8.6) 1.190 0.370, 3.870
Uroliths .01
No 54 (81.8) 68(97.1) Ref
Yes 12 (18.2) 2(2.9) 7.560 1.950, 49.89
Urinary incontinence .20
No 41(61.2) 50 (71.4) Ref
Yes 26(38.8) 20 (28.6) 1.590 0.780, 3.270
LUT neoplasia .04
No 63(91.3) 69 (98.6) Ref
Yes 6(8.7) 1(1.4) 6.570 1.080, 125.9
Ataxia neurologic .32
No 47 (68.1) 53(75.7) Ref
Yes 22(31.9) 17 (24.3) 1.460 0.700, 3.100
Ataxia orthopedic 44
No 58 (84.1) 62 (88.6) Ref
Yes 11 (15.9) 8(11.4) 1.470 0.560, 4.040
Noted LUT anatomic abnormalities .02
No 52 (75.4) 63 (90.0) Ref
Yes 17 (24.6) 7 (10.0) 2.940 1.170, 8.110
USG category .04
GM odds = 1.381:1
(1.000, 1.015] 10 (20.4) 20 (36.4) 0.362 0.143, 0.785
(1.015, 1.030] 21 (42.9) 26 (47.3) 0.585 0.246,1.175
(1.030, 1.045] 12 (24.5) 8(14.5) 1.086 0.413, 2.605
(1.045, +++] 6(12.2) 1(1.8) 4.345 1.104, 40.05
Proteinuria 12
No 19 (39.6) 30 (54.5) Ref
Yes 29 (60.4) 25 (45.5) 1.830 0.840, 4.060
Hematuria (on dipstick) 61
No 27 (55.1) 33(60.0) Ref
Yes 22 (44.9) 22 (40.0) 1.220 0.560, 2.680
Pyuria (on sediment) .02
No 22 (46.8) 14 (25.5) Ref
Yes 25(53.2) 41(74.5) 0.390 0.170, 0.880
Epithelial cells (on sediment) 61
No 16 (34.0) 21 (38.9) Ref
Yes 31 (66.0) 33 (61.1) 1.230 0.550, 2.810

Abbreviations: LUT, lower urinary tract; LUTD, lower urinary tract disease; Ref, reference value; tx, treatment.

analysis revealed that n = 70 per group would yield at least 80% using R v. 3.5.1 (R Core Team. R: A Language and Environment for
power (at the 0.05 level) to detect genuine ORs of 3.25 or more when Statistical Computing. Vienna, Austria: R Foundation for Statistical

prevalence is between 13% and 68%. All analyses were performed Computing; 2018).
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3 | RESULTS

A total of 126 cases of Enterococcus bacteriuria were identified during
the study period with 83 being unique dogs. Of these 83 cases, 13 did
not meet the definition of significant Enterococcus spp. bacterial
growth leaving 70 Enterococcus spp. bacteriuria cases. Of these cases,
43 were Enterococcus faecalis, 14 Enterococcus faecium, and 13 genus
unspecified Enterococcus. An equal number of controls (n = 70) were
chosen from 509 cases of E coli bacteriuria identified during the same
time period. Cases and controls were chosen to be similar overall with
respect to age (first priority) and weight (secondary concern). The dif-
ference in mean age between cases (9.0 + 3.9 years) and controls
(9.1 £ 4.1 years) was 0.9% of the average SD, while the difference in
mean weight between the 2 groups was 4.3% of the average SD
(24.1 £ 15.6 and 23.4 + 14.4 kg for cases and controls, respectively).
The urine collection method was not a characteristic used to balance
cases and controls. However, 33 case and 34 control urine samples
were collected by cystocentesis, 29 case and 32 control samples by
free catch urine sampling, and 8 case and 4 control urine samples
were collected by transurethral catheterization. All E coli controls had
>100 000 cfu/mL of bacteria detected regardless of the urine collec-
tion method. In the Enterococcus spp. group all urine samples had
>100 000 cfu/mL of bacteria detected, with the exception of
3 cystocentesis samples with 50 000 cfu/mL, 1 transurethral catheter
collected sample with 10 000 cfu/mL, and 1 cystocentesis sample
with 1000 cfu/mL of enterococci detected. Frequency and relative
frequency of various characteristics of interest within each group are
summarized in Table 1 and might deviate from n = 70 due to missing
values or if certain laboratory tests were available/performed on a
subset of animals.

Demographically the distribution of sex in combination with spay-
ing/neutering did not differ significantly (P = 0.23) between cases and
controls, though spayed females did show increased odds of Entero-
coccus spp. bacteriuria relative to the typical odds of this type of bac-
teriuria in the cohort (OR: 1.80; 95% confidence interval [CI]:
1.02-3.25). Clinically, a history of recurrent bacteriuria was signifi-
cantly more common in Enterococcus spp. cases than in E coli controls
(OR: 2.07; 95% Cl: 1.04-4.16, P = 0.04).

Comorbidities most commonly associated with the presence of
Enterococcus spp. bacteriuria included LUT anatomic abnormalities
(OR: 2.94; 95% Cl: 1.17-8.10, P = 0.02). Both uroliths and presence of
LUT neoplasia were also each separately associated with greater odds
of being a case (P = 0.01 and P = 0.04, respectively), though small fre-
quencies (n = 12 and n = 6 respectively) compromise our ability to
precisely estimate the genuine OR for those 2 characteristics.

Clinicopathologic data revealed that highly concentrated urine
(USG > 1.045) demonstrated greater odds (OR: 4.34; 95% Cl: 1.10-40.1)
of being a case while hyposthenuria and isosthenuria together were
associated with 63.8% (95% Cl: 21.5-85.7%) lower odds of Enterococcus
spp. bacteriuria. Detection of pyuria on urine sediment exam also was
less likely to be associated with Enterococcus spp. bacteriuria when com-
pared to E coli (OR: 0.39; 95% Cl: 0.17-0.88). Overall 55.2% of entero-
coccal cases presented with LUT signs of stranguria, pollakiuria, dysuria,

American College of
Veterinary Internal Medicine
or gross hematuria. These findings, along with the other comparators of

interest, appear in Table 1.

4 | DISCUSSION

A history of recurrent bacteriuria and multiple comorbidities including
LUT abnormalities, uroliths, and LUT neoplasia were correlated with
an increased risk of Enterococcus spp. bacteriuria in dogs in this study.
Similar to previous veterinary reports, in this study E faecium and E
faecalis were the predominant enterococci identified with 61% of all
cases being E faecalis spp.>*? Given the low total number of cases, we
were unable to compare comorbidity and clinicopathologic data of dif-
ferent enterococci species. Despite this shortcoming, the prevalence
of E faecalis is of note because this species of enterococci contain
more virulence genes and express higher levels of antibiotic resistance
than other Enterococcus spp.2°23

Despite high levels of resistance, enterococci were once thought
to be nonpathogenic bacteria. This mindset has changed in human
medicine as enterococci have a 57% isolation rate from hospitalized
patients and have been identified as the second most common cause
of UTI and the third most common cause of bacteremia.?* In compan-
ion, animals Enterococcus spp. infections have been linked to UTI,
pyonephrosis, endocarditis, and cholangitis.2'3’25 In our study, viru-
lence was not directly assessed, however, 55.2% of enterococcal
cases presented with LUT signs of stranguria, pollakiuria, dysuria, or
gross hematuria suggesting cystitis. In addition, 60.6% of enterococcal
cases were associated with recurrent bacteriuria. Although this study
did not differentiate bacteriuria and UTI, in dogs with recurrent
Enterococcus spp. infections this combination of virulence and devel-
oping antimicrobial resistance might create a long-term management
problem.

Optimal management of recurrent infections includes identifying
and correcting the underlying abnormality permitting bacterial coloni-
zation. In 75% of dogs with recurrent UTI, the defect allowing bacte-
rial recolonization cannot be effectively managed or identified forcing
clinicians to treat with repeated antibiotic therapy.'??¢2° In our
study, recurrent bacteriuria was identified as a risk factor for Entero-
coccus spp. bacteriuria. This correlation could indicate a cause/effect
relationship. If enterococci and recurrent bacteriuria are correlated,
knowing this could facilitate identification of a defect promoting
colonization that can be corrected.

Our study did not assess enterococcal bacteriuria causation, how-
ever, mouse models have demonstrated that both a local inflamma-
tory response and proteinuria are necessary for enterococcal growth
and colonization of the urinary bladder.3°3! Similarly in people with
urinary catheter-induced proteinuria and inflammation, the incidence
of enterococcal UTI increases from 5% to 15%-30%.11523% These
data suggest that enterococcal colonization occurs secondarily to uri-
nary tract injury. In dogs, Enterococcus spp. infections account for only
6% to 8% of all UTI but increases to 17% to 25% of recurrent
UTI812133% | veterinary medicine, urinary catheterization is much

less common than in people. However, recurrent bacteriuria,
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urolithiasis, and/or urinary tract neoplasia were identified as Entero-
coccus spp. bacteriuria risk factors in this study and are potential
alternate mechanisms to create urinary bladder inflammation and pro-
teinuria. If this is true, then there might be a similar biological mecha-
nism behind the genesis of Enterococcus spp. bacteriuria the human
and dog.

The identified risk factor from our study that on the surface
would not primarily be associated with inflammation and proteinuria
is the presence of LUT anatomic abnormalities. A similar study of risk
factors for E faecalis infection in humans also identified structural
abnormalities of the urinary tract as a risk factor for bacteriuria with
an OR: 2.634; 95% Cl: 1.294-5.362; P = .008.%° One hypothesis to
explain these findings is that LUT abnormalities predispose an individ-
ual to UTI and thereby secondarily are a risk factor for Enterococcus
spp. bacteriuria.®¢ Similar logic might also help to explain why in this
and earlier studies spayed female dogs appear to be at increased
risk of developing Enterococcus spp. bacteriuria (OR: 1.795; 95% Cl:
1.020-3.250).8 Given that female dogs are diagnosed with UTI at a
greater than 2:1 ratio when compared to males, with spayed female
dogs having the highest overall risk, enterococcal bacteriuria might be
occurring secondary to prior infection.®”

Despite the above associations, an argument against inflamma-
tion and proteinuria being necessary cofactors for enterococcal bacte-
riuria in dogs is that neither proteinuria nor pyuria were identified as
risk factors for Enterococcus spp. bacteriuria in our study. These fac-
tors were respectively identified in 60.4% and 53.2% of cases and
44.5% and 74.5% of controls. This seemingly confounding finding
could indicate an unaccounted for bias within our data since only bac-
teriuria was recorded and not clinical UTI. Another explanation is that
Enterococcus spp. bacteriuria in dogs occurs via an alternate mecha-
nism. However, importantly in people and mice it is not the presence
of urinary albumin, measured as protein on urinalysis, and pyuria,
measured on urine sediment exam, that is necessary for enterococcal
colonization but rather fibrinogen protein and the inflammatory medi-
ators IL-6 and IL-1p.3%8%7 |n our study, the concentration of these
proteins and inflammatory mediators were not assessed.

The primary limitation of this study is the low number of dogs
with certain comorbidities. This restricted our ability to calculate
genuine ORs for some variables. In addition, the retrospective design
and hence reliance on medical records did limit data collection for
some dogs with incomplete medical records. Finally, this study
assessed enterococcal bacteriuria risk development. It is possible
that enterococcal UTl is associated with different risk factors.

This study associated recurrent bacteriuria, LUT abnormalities,
uroliths, and LUT neoplasia with increased Enterococcus spp. bacte-
riuria risk in dogs. It is unclear whether these risk factors increase
urinary inflammation and fibrinogen similar in effect to urinary cath-

eterization in humans.
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