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Antimicrobial resistance and prevalence of canine uropathogens at the
Western College of Veterinary Medicine Veterinary Teaching Hospital,

2002-2007

Katherine R. Ball, Joseph E. Rubin, M. Chirino-Trejo, Patricia M. Dowling

Abstract — Between January 2002 and June 2007, uropathogens were isolated from 473 of 1557 canine urine
samples submitted to Prairie Diagnostic Services from the Western College of Veterinary Medicine Veterinary
Teaching Hospital. Culture and susceptibility results were analyzed, retrospectively, to estimate the prevalence of
common bacterial uropathogens in dogs with urinary tract infections and to identify changes in antimicrobial
resistance. The most common pathogens identified were Escherichia coli, Staphylococcus intermedius, Enterococcus
spp., and Proteus spp. Antimicrobial resistance increased during the study period, particularly among recurrent
E. coli isolates. Using the formula to help select rational antimicrobial therapy (FRAT), bacterial isolates were most
likely to be susceptible to gentamicin, fluoroquinolones, amoxicillin-clavulanic acid, and groups 4 and 5 (third gen-
eration) cephalosporins.

Résumé — Résistance aux antimicrobiens et prévalence des pathogénes urinaires canins a ’hépital
d’enseignement vétérinaire du Western College of Veterinary Medicine. Entre janvier 2002 et juin 2007, des
pathogenes urinaires ont été isolés de 473 des 1557 échantillons d’urine de chiens soumis au Prairie Diagnostic
Services du Western College of Veterinary Medicine Veterinary Teaching Hospital. Les résultats des cultures et des
susceptibilités ont été analysés rétrospectivement afin d’estimer la prévalence des bactéries uropathogénes courantes
du chien atteint d’infection du tractus urinaire et d’identifier des modifications de la résistance aux antimicrobiens.
Les pathogenes identifiés les plus courants étaient Escherichia coli, Staphylococcus intermedius, Enterococcus spp. et
Proteus spp. La résistance aux antimicrobiens a augmenté au cours de la période d’étude, particuliérement parmi
les isolats d’E. coli récurrents. Selon une formule visant  aider a choisir une thérapie antimicrobienne rationnelle
(FTAR), les isolats bactériens avaient plus de chances d’étre susceptibles a la gentamycine, aux fluoroquinolones,

3 Pamoxicilline-acide clavulanique et aux céphalosporines de groupes 4 et 5 (31m¢ génération).
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Introduction

B acterial urinary tract infection (UTI) is one of the most
commonly diagnosed infectious diseases in canine practice
and affects approximately 14% of dogs presented for veterinary
care (1). Uropathogenic strains of Escherichia coli are the most
common cause of UTTs in both humans and dogs, and strains
of this species are often abundant in the gastrointestinal tract
at the time of infection (2,3). In contrast to most intestinal
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(Traduit par Docteur André Blouin)

strains of E. coli, uropathogenic strains possess virulence fac-
tors which facilitate survival and persistence in the urinary
tract (3). The risk of UTT recurrence is increased when highly
pathogenic bacteria or underlying problems (such as, anatomic
abnormalities, neoplasia, diabetes mellitus) are present (4,5).
Microbiological culture and susceptibility testing is the corner-
stone of UTT diagnosis and the results are used by veterinarians
to select antimicrobial therapy (6). Susceptibility results from
specific populations are used to select empirical therapy and to
monitor trends in antimicrobial resistance (5,7). Antimicrobial
resistance in uropathogens complicates therapy in dogs and is
also a public health concern because these pathogens may be
zoonotic (2,8,9).

The epidemiology of human uropathogens varies significantly
by region and care setting (10). Given the many other similari-
ties between human and canine UTIs, there is likely regional
and population-specific variation in the epidemiology of canine
uropathogens (8,9). The prevalence of fluoroquinolone resis-
tance in canine uropathogens is increasing in the United States,
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but only limited information is available about antimicrobial
resistance trends in Canadian isolates (11,12).

Multi-drug resistance was observed in canine urinary isolates
from an intensive care unit at the Ontario Veterinary College
teaching hospital (13); however, the population of that study
may not be representative of the general population of dogs in
other areas, such as western Canada. The objectives of this study
were to estimate the prevalence of uropathogens in dogs with
urinary tract infections at the Western College of Veterinary
Medicine Veterinary Teaching Hospital (WCVM-VTH), to
apply the formula to help select rational antimicrobial therapy
(FRAT) developed by Blondeau and Tillotson (7), and to
identify changes in antimicrobial resistance among canine uro-
pathogens over a 5-year period,

Materials and methods

Bacterial isolates

Records were obtained from Prairie Diagnostic Services (PDS)
for all canine urine samples that had been submitted by the
WCVM-VTH between January 2002 and June 2007 for culture
and susceptibility testing. During this period, urine samples were
plated on Columbia agar supplemented with 5% sheep blood
and on MacConkey agar (Becton Dickinson and Company,
Sparks, Maryland, USA) upon receipt. Each plate was divided
in half such that each sample could be applied twice (1 pL and
10 pL) for quantitative analysis. Blood agar plates were incu-
bated with 5% CO, while MacConkey agar plates were incu-
bated acrobically. All samples were incubated at 37°C for 18 to
24 h undil adequate growth was present. Identification was based
on colony type and morphology, Gram staining characteristics,
and standard biochemical tests. Antimicrobial susceptibility was
determined by the Kirby-Bauer disk diffusion method. Zones
of growth inhibition were interpreted according to Clinical and
Laboratory Standards Institute (CLSI) guidelines. Anaerobic
cultures were performed when hematuria was evident or if
requested by the attending veterinarian.

Statistical analysis

Statistical analysis was performed using a commercial statisti-
cal software package (SPSS 12.0 for Windows, SPSS, Chicago,
Illinois, USA). The mean was taken from the ages recorded
from all submissions for each dog to produce a single measure of
age. Numbers of antimicrobials to which isolates were resistant
were compared with the Kruskal-Wallis test, with alpha set to
0.05. Post-hoc analysis was performed by the Mann-Whitney
U-test with Bonferroni’s correction. Recurrent isolates were
excluded from all analyses except for recurrent E. coli isolates,
which were analyzed separately. Analyses of the number of
antimicrobials to which isolates were resistant included results
reported for amoxicillin-clavulanic acid, ampicillin, cephalo-
thin, ceftiofur, chloramphenicol, clindamycin, enrofloxacin,
gentamicin, tetracycline, and trimethoprim-sulfamethoxazole.
Change in resistance to individual antimicrobial drugs over
time was evaluated using simple logistic regression with year as
a continuous variable. The relationship between sex, age, and
resistance to individual antimicrobial drugs was evaluated by
logistic regression with backward stepwise variable entry and
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Table 1. Isolates from canine urine samples submitted by
WCVM-VTH for culture and susceptibility testing, 2002-2007

Percent of Percent of
Percent of positive positive
positive cultures — cultures —
cultures — single organism mixed
overall results infections infections
Organism (%) (%) (%)
E. coli 51.1 55.6 30.0
S. intermedins 16.5 17.1 13.3
LEnterococcus spp. 10.2 6.7 26.7
Proteus spp. 5.9 6.9 1.1
Streptococcus spp. 4.6 4.2 6.7
Staphylococcus spp. 3.8 3.2 6.7
Minor species? 3.1 2.3 6.7
Enterobacter spp. 1.7 0.9 5.6
Pseudomonas spp. 1.3 1.4 1.1
Klebsiella spp. 1.1 1.2 1.1
Fungal species 0.4 0.5 0.0
Anaerobic bacteria 0.2 0.0 1.1

* Minor species included Acinetobacter spp., Bacillus spp., Bacteroides spp.,
Citrobacter spp., Clostridium spp., Corynebacterium spp., Lactobacillus spp.,
Morganella morganii, and Pasteurella multocida

Table 2. Bacteria isolated from dogs with recurrent urinary tract
infections

Species Percent of recurrent infections (7)
E. coli 63.6% (35)

S. intermedius 14.5% (8)

Enterococcus spp. 5.5% (3)

Proteus spp. 5.5% (3)

Other species 10.9% (6)

n — number of dogs

evaluation by likelihood ratio. The same approach was used to
examine the relationship between sex, age, and mixed infections
(defined as more than 1 species isolated from 1 urine sample)
and the relationship between sex, age, resistance, and recurrent
infection.

The impact factors for individual antimicrobial drugs were
calculated using susceptibility data for E. coli, Enterococcus
spp., Staphylococcus intermedius, Streptococcus canis, Proteus
spp., Staphylococcus spp., Streptococcus spp., Enterobacter spp.,
Pseudomonas spp., and Klebsiella pnewmoniae isolates and the
formula to help select rational antimicrobial therapy (FRAT,
Equation 1) (7).

7
FS = 2 PPat/yagen (i) X SAntimitmbiﬂl X 100
i=1

The impact factor is F, PPﬂthogm (1.

iand S, = is the proportion of pathogen i isolates suscep-

, is the prevalence of pathogen

tible to the antimicrobial in question. Anaerobes, fungal species,
and bacterial isolates of minor species (prevalence < 3.1%) were
excluded from this consideration, as susceptibility data were
available for only a small proportion of these isolates. To allow
comparison of impact factors between years, prevalence values
used in the equation were calculated after exclusion of fungal
species and minor bacterial isolates.

Results

Samples
Between January 2002 and June 2007, 1557 urine samples
from 1149 dogs were submitted to PDS by the WCVM-VTH
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Table 3. Mean (standard error) number of antimicrobials to which bacterial isolates from canine urine
samples were resistant, by year

Species 2002 2003 2004 2005 2006 2007

1.68 (0.20) 1.49 (0.16) 2.12(0.23) 1.74(0.18) 2.04 (0.18) 2.74 (0.35)
All E. coli 1.45(0.18) 1.37 (0.16) 1.67 (0.21) 1.74 (0.24) 1.55(0.20) 2.09 (0.43)
E. coli (recurrent)? 1.71 (0.56) 1.15(0.15) 1.64 (0.36) 1.83 (0.65) 2.08 (0.61) 4.00 (1.01)
E. coli (single positive culture) 1.36 (0.17) 1.50 (0.24) 1.67 (0.26) 1.73(0.26) 1.36 (0.17) 1.05 (0.08)
S. intermedius 1.00 (0.32) 0.95(0.27) 0.88 (0.45) 0.64 (0.15) 1.00 (0.22) 1.20 (0.49)
Enterococcus spp. 2.17 (0.48) 3.14(0.99) 5.29 (0.97) 2.86(0.59) 3.41(0.45) 5.43 (0.30)
Proteus spp. 3.20 (0.20) 3.00 (0.82) 3.33(0.33) 3.75(0.48) 3.55(0.43) 4.25(1.25)

All isolates

* Denotes significant change in resistance during the study period (2 < 0.05) based on analysis by Kruskal-Wallis test

Table 4. Antimicrobial impact factors calculated using FRAT for
the 10 most prevalent bacterial species isolated from canine urine
samples submitted from the WCVM-VTH

(P < 0.001). There was no significant change in the number of
antimicrobials to which nonrecurrent E. coli, Enterococcus spp.,
S. intermedius, and Proteus spp. isolates were resistant (Table 3).

}ifgft gncfj:t i(r:r‘:;;:tlmve Gentamicin, enrofloxacin (indicator for veterinary fluoroquino-
Drug 2002 2007 factor® lones), amoxicillin-clavulanic acid, and ceftiofur (indicator for
Gentamicin 96.4 89.1 933 groups 4 and 5 cephalosporins, also classified as 3rd generation)
Enrofloxacin 92.8 87.2 91.1 had the highest cumulative antimicrobial impact factors, reflect-
Amoxicillin-clavulanic acid 87.5 81.8 90.1 ing the high frequency of in vitro susceptibility to these drugs
Ceftiofur 89.6 74.4 89.1 L1 .. L.
Chloramphenicol 89.1 85.4 878 among the bacterial isolates (Table 4). Antimicrobial impact
Trimethoprim-sulfamethoxazole 79.8 85.4 86.7 factors decreased for all antimicrobials between 2002 and 2007
Tetracycline 67.3 70.9 73.8 except for tetracycline and trimethoprim-sulfamethoxazole, in
Ampicillin 68.4 65.4 71.6 . . .
Cephalothin 655 455 622 which the impact factors increased (Table 4).
Clindamycin 30.9 16.4 24.8 Of the 267 E. coli isolates, 73 (27.3 %) were from dogs

* Includes prevalence and resistance data from all years (2002-2007)

for culture and susceptibility testing. Of these samples, 1 to 14
were submitted from each dog, with a median of 1 submission
per dog. The mean age of the dogs ranged from 2 mo to 18.7 ,
with a median of 8 y; age was not reported for 1.13% of the
dogs. Urine samples were submitted from 492 spayed females
(42.8%), 157 intact females (13.7%), 347 castrated males
(30.2%), and 153 intact males (13.3%).

Microbial isolates
A positive bacterial culture was obtained from 473 samples
from 361 dogs. Of these samples, 4 (0.85%) yielded 3 different
bacterial species, 39 samples (8.25%) yielded 2 species, and the
remainder yielded a single bacterial species. The prevalence of
bacterial species differed between mixed infections and cases
where the pathogen was isolated in pure culture (Table 1). There
was no significant association between mixed infections, age,
and sex. One hundred and twelve isolates were from cases where
the same bacterial species was cultured on more than 1 occasion
(referred to as recurrent pathogens). Escherichia coli was the
most common recurrent pathogen, followed by S. intermedius,
Enterococcus spp., and Proteus spp. (Table 2). Escherichia coli
was isolated more than once from 17.3% of all cases where it
had ever been isolated. This recurrence rate was higher than
the rates observed for S. intermedius (10.5%), Enterococcus spp.
(6.7%), and Proteus spp. (10.7%). There was no significant
association between recurrent infection by E. coli, S. intermedius,
Enterococcus spp., or Proteus spp. and age or sex.

The number of antimicrobials to which recurrent E. coli
isolates were resistant increased significantly during the study
period (P = 0.010), specifically between 2003 and 2007
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with recurrent E. coli infections (defined here as more than
one positive E. coli culture result during the study period).
Recurrence among E. coli was associated with resistance to
increasing numbers of antimicrobials [odds ratio (OR) 1.22,
95% confidence interval (CI) 1.03-1.45]. There was no sig-
nificant association of recurrence and antimicrobial resistance
for S. intermedius, Enterococcus spp., and Proteus spp. There was
no significant effect of sex on the number of antimicrobials to
which nonrecurrent E. coli, S. intermedius, Enterococcus spp., and
Proteus spp. isolates were resistant. Resistance to cephalothin,
indicating resistance to group 1 and group 2 (first generation)
cephalosporins, increased among nonrecurrent Enterococcus
spp. (Table 5). Among S. intermedius, resistance to ampicillin
increased over the study period (Table 5). Resistance to cepha-
lothin, chloramphenicol, and gentamicin increased among
recurrent E. coli isolates (Table 5). Resistance to cephalothin
decreased among nonrecurrent E. coli (Table 5). There was no
significant increase in resistance to any individual antimicrobial
drug among Proteus spp. isolates. Recurrent E. coli isolates were
more likely to be resistant to chloramphenicol (OR = 6.65;
95% CI = 1.96-22.54) and gentamicin (OR = 4.59; 95%
CI = 1.05-20.07) than isolates from dogs with a single E. coli
isolate. Escherichia coli isolates that were resistant to gentamicin
were resistant to between 5 and 10 antimicrobials, and those that
were resistant to trimethoprim-sulfamethoxazole were resistant
to between 3 and 10 antimicrobials. Chloramphenicol-resistant
E. coli were resistant to between 3 and 10 antimicrobials.

Discussion

Escherichia coli, Staphylococcus spp., Proteus spp., Klebsiella spp.,
and Enterococcus spp., have been reported as the most com-
mon canine uropathogens, composing 44.1%, 11.6%, 9.3%,
9.1%, and 8.0% of microbial isolates, respectively (14). Other

987

>
Pl
—
(2]
-
m




5
Stap /7)/ lococcu.
012 al’ld ﬂuCtuateS
lts for E. ¢ evalence lence
imilar resu p- the pr e In preve ence
have had si for Proteus )SpThC diffefenlc teributable )
ies but 18). ikely a ital.
studi lence, 15— re li hosp
alen % ( ts a are
Spp- p revl 8% and 35.2 revious repor dy prim?‘r}":l ss likely to
between study and p predominan ¢ cases are le different
. r ing a I ;
= g between ou VTH belng primal‘y ca S produclng CaSelOad
s (=) - - ses, ions, re
} . 2 :: 'T the WCVMO refel‘ral ca! ltlple occaslt rimary cal econdary
.S S g = L @ ared ¢ on mu ens. A p with s ith a
&8 = S 2 1 oS 5S ComP treated ropathog of cases red wit
28 ; : = n u ion a .
=i =) — S n w3 S bee s for reto comp ally
a8 = _—— N s = ave ure: opo ions art
= g & P S 58 h lection press a smaller pr-pted infeCtll ° d may also p study
< =R ~ S —_ — se K 1 des ssocia seloa in our
EL 35 se S g ikely inclu heter-a f the ca tions in hical
=5 o= — & = like Yy as cat re o ixed infec rap
£ 3 g & - such he natu f mixe lly, geog f
-~ ES : ! N UTIs ad. T ncy o ditionally, lence o
s g T % | caselo freque Ad reva
—~ S e ~ C I Ireq 14). in the p d
N : i R 08 5 S cferra he lowe res ( mnt ious study
& =) i ol SR n s < I for the ious repo . nces cviou,
£ = — ~ o= nt lou ftere ina pr as
5 | N « S ccou ith prev he di ines in here w
g O 2D 8% o a d wit ot finding ales, ¢
gl S Z¢ are ibute like fi in fem: ixed
w £ 2 =S comp ontr . Un n in f mi
| gl2s s may ¢ ens (10) commo alence o
= @ _ ~ facto o pathog ere more and prev.
E . = ° bacterial urd infections w between sex 1 occa-
< = . . . n
= ) = E| B g here mixe ociation lation (14) more tha by a
3| ¥ I d 38 g ¢ w ificant ass dy popula I species on eparated )
2| 9 T =€ g s igni stu ial sp ions s ract
E b T R se nos in our bacter infectio inary t
! = ions in e . n rin
JEEIE fnicctions In ou study nfection (2 infections s radicated).
e o re- icate . te
O~ —~ Isolati from is eradic is no ther
n o
? ion can resulth pathogen is the Pathogi ble from each ltiple
T @ 1 sio re the pa here istinguisha ¢ muitip”
£ a3 2 a8 L g period whe infection (w ere indlstlnf1 in cases Wher. analysis
3] ) d . t 1 1C
s = I °s Z isten SSES W te enet d
% | > o = ers roce. resen . .G an
o =S < — or p hese p . er-rep anism istence
cé 5 2 238 Z = Although ; E coli is 0‘:1 the same Ofi tween persis
= S —~ — . : c .
m |~ N o in this stu 1}:111‘65 reveale o be made for survival
. ion t . )
= 3% ositive cu distinction daptations facilitate
i = o ) P d allow ultiple a ations n
5| R =S . = wou /i possess m These adapt here they ca
= ion. ip cre
gl -< infectio ic E co ct. Is, w icles or
_ ic t tra ial cells, les
'§ =8 ~ = re UrOPathogen~ the urinary I epithelial ¢ bound VCSIIC om-
£ =2 in itiona e- ial ¢
£152 istence ition bran terial
o) ersiste ] trans in mem laf baC e
and p ion into ithin R ellu i emerg
g ir invasion t state w like intrac ria later -
~ N their r a laten h biofilm-li 9,20). Bacte a filamen
. = g g N te i : i ;
5 E = g 2 ) . either en and establis toplasm (1 ’d by aSSuang t entering
> 2 = " T 0 AN duce in the cy ities and, ithou
ithin ies wi rge
B _é 2 - P 0 g 2 Sz repr(? ies free Wlthll r communit ithelial cells ria also eme g]
- , I »= S S uniti [lula: epi bacte rma
o I 23 =Z m intrace between llular The no
3 S |« = =SS the idge intrace 22). inates
== = rom br ei ine (21, . in
g 6 - — Olg f us form, Ca;z) Some of th the urine (13_] cells dlsse.mue for
Q . & W to . into itheli tiss
£ g 2 g i rine (21,22). I cells in d epith ers of dis: nt
= 2 o u ithelia fecte ay S
E 5 g8 2 JE the he epichelial « ting infe es deeper il recruitm
s k= S g A K Re Z Y from ¢ fense of exfolia tand exposs) Neutrophi y also con-
g S5 N ) 23 defen ironment and (23). ich ma c
S 2 Looe N Rz - =3 host viron ine hic ile thes
2 3 ~ LN - == 5 / in the en: in the ur ium, w While
S £ ok S S Lin t iain t itheliu 23). ied
o &2 S Vs E. coli teria 1t ion ( udie
2 viSS < g - o bac : the ep infectio en st .
5 o = v 2 3 invasion by . rity of . f the in t have be ir role in
2 S E5E i the integ aion of th ry trac heir ro
2 . = =S S d-sruptS I penetr. he urina Y disease, t i ark-
g = & & £08 ' to deepe ival in ¢ human here is rem d
3 2 - = tribute ¢ s for survi dels of hu However, t Ji isolate
2 3 1 5 % ag L2 g_g mechanlsm- mouse mo s unclear. hogenic E. COE coli can
o 5 5 2 e3 . in in tho ic E.
o F183 g e BE S3% extensively /i UTIs rema tween uropa athogenic ples can
c — = —~ = & b . o .
‘@ © ~ xR = | g Qg _% E ine E. co . 'larlty be ause urop rine Sam_ nd
) X ) T .7 <35 cant ic simi (3). Bec ial cells, u infection, a
¢ § R Jo_d . 2 E4%3 enet dogs ithelia ing infe n-
I} <> ] N 2 «w< 2o & ble g d . 1 oing icidal co
g 3 = | © 2 e ~=| i 525 a mans an ithin ep ite ong ericida
—_— . 5 5] B 1
S E n oL S ) e =< R el from hu d multiply w results desp nce of baCt) Therefore,
R} EA N S5 =z 2% 2228 ive an lture rese 1,24). iate
P g Ss =2 SN urviv ive cu ite the p ine (21, ra
) 2lea S SE G S S egati spite in urine approp
@ El=g @ S8 52 duce n sist de S In ieving ap
= < |~ & S8ty pro an persist bial drug achieving : m.
9] N I g o g = tion ¢ imicro nds on itheliu nd
2 Q (2 S = g infec ’ f anti ] depe uroep 1la
© ~ @ T R~ el i rations o cy likely ithin the to group ent
o N N © L« Z 3 z = = cent ic effica Y tions wi esistance onrecurr
. g .
é g . :: z € = "2 :é 2 o therapeutb,al concentra f decreased r ins among n dy period.
E15 ¢ 0P © S - S3 g antimicrobi xception O) ePhaIOSporlé1 over the stu }1’ isolates
3| %< 23 &g g2o ith the e ion) ¢ se E. coli
ol EE S 28 & ith ¢ atio increa; .
S5 | = ~ I - Wi ner. . € 1n mong
AEEE 2 =X 2 (first ge ial resistanc increased a
P . === = roup imicrobia istance i
= . z 1c ta
Q2 > g 23E7 group ntim resis
2 g = = & T gged coli, a inolone
8 £ g > SR EREE: E oroquin
2 R £ s A < While flu
g E 3 A s 3 S |2
* £ g g S g S 27
3 g ¢ 5 8 :
le) 8 g 3 ] <
=1 12 Sy
% 2 g 3 S &
: g =] < 5
0 eles . =
) £ = 2
5 sl<z
©
[

©
[o0]
[o0]

8
ER 200
VOL 49/ OCTOB
cv/



in a previous study, no change was observed in the present study
(based on resistance to enrofloxacin) (12). Gentamicin and
chloramphenicol are not commonly used to treat bacterial
UTIs in dogs so the increased resistance of recurrent E. coli
to these antimicrobials is likely attributable to co-selection, as
these isolates were resistant to multiple antimicrobials (data
not shown). Co-selection for antimicrobial resistance may be
facilitated by the presence of class 1 integrons. These genetic
elements facilitate the uptake and maintenance of gene cas-
settes coding for antimicrobial resistance (25,26). Co-selection
of antimicrobial resistance occurs when multiple gene cassettes
are included in the integron, such that exposure to any drug to
which the bacterium is resistant selects for all resistance genes
present (25). Class 1 integrons containing chloramphenicol and
gentamicin resistance genes have been reported in uropathogenic
and other E. coli strains isolated from humans and animals
(27-30). Further study is needed to determine the role of class
1 integrons in disseminating antimicrobial resistance in canine
uropathogenic E. coli isolates.

Laboratory culture and susceptibility results are often used
for monitoring antimicrobial resistance, but there is inherent
bias to this approach (31). Samples tend to be submitted from
animals with more severe clinical signs. In some cases, urine
may not be submitted for culture and susceptibility testing
until initial antimicrobial therapy (based on urinalysis results
and Gram staining) has failed. This case selection bias may over-
estimate antimicrobial resistance. However, case selection bias
is counterbalanced by the limited sensitivity of disk diffusion
testing to changes in resistance. Because the results are reported
as categorical data, changes are observed at only one breakpoint
representing the transition between “intermediate” and “resis-
tant” (permitting classification as “not resistant” and “resistant”).
Consequently, shifts in minimum inhibitory concentrations are
not apparent unless they occur around the breakpoint.

Prudent use of antimicrobials is an important step in reduc-
ing the emergence of antimicrobial resistance. In the context
of canine UTIs, prudent use includes considering likely patho-
gens and their susceptibility patterns when choosing empirical
treatment. Antimicrobial impact factors calculated using FRAT
reflect the probability that a pathogen randomly selected from
the study population is susceptible to a particular antimicrobial
on disk diffusion testing. Based on these factors, canine UTTIs
are likely to be susceptible to a number of antimicrobials.
However, the antimicrobial impact factors should not be used
alone to select empirical therapy. The impact factors are based
on in vitro susceptibility data, which does not necessarily reflect
clinical efficacy for antimicrobials that achieve substantially
higher concentrations in urine than what is evaluated in vitro
or in cases involving intracellular infection. In the present study,
gentamicin, enrofloxacin and amoxicillin-clavulanic acid had
cumulative impact factors between 90 and 94. Small differences
in impact factors are likely of little clinical significance, so other
factors including pharmacokinetics, antimicrobial use strategies
to reduce the emergence of resistance, drug safety profile, cost
and convenience of administration must be considered when
choosing empirical therapy. However, impact factors decreased
between 2002 and 2007 for all antimicrobials except tetracycline
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and trimethoprim-sulfamethoxazole, consistent with increasing
prevalence of antimicrobial resistance. Culture and susceptibility
testing for individual cases remains the best instrument for guid-
ing treatment decisions, especially for recurrent infections.

Increasing antimicrobial resistance is a growing concern in
both human and veterinary medicine. Because pathogens iso-
lated from recurrent infections are more resistant and resistance
is increasing over time, appropriate management of recur-
rent infections is critical to control antimicrobial resistance.
Underlying anatomic or metabolic problems should be identified
and addressed whenever possible. Novel treatment strategies
should address the virulence mechanisms of uropathogenic
E. coli which facilitate persistent infection.
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