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ABSTRACT 

The purpose of this study was to examine four urovirulence factors (UVFs) and their phylogenetic classes and compare 
their levels of resistance to antimicrobial drug classes in 159 canine uropathogenic E. coli (UPEC) isolates submitted to 
the Clinical bacteriology and Mycology Laboratory of The University of Tennessee Veterinary Medical Center in 2007. 
Multiplex polymerase chain reaction was used to detect the following UVFs: cytotoxic necrotizing factor (cnf), hemo-
lysin (hly), S-fimbrial adhesion gene (sfa), and Pilus associated with pyelonephritis gene G allele III (pap); polymerase 
chain reaction was used to determine phylogenetic group. In vitro susceptibility to antimicrobial classes was evaluated, 
and resistance was compared to UVF presence as well as phylogenetic class. UVFs were presented in 48% of UPEC 
and were negatively correlated with antimicrobial resistance. Of the 159 samples, the number of UVFs expressed per 
isolate was 0 = 82 (52%), 1 = 24 (15%), 2 = 2 (1%), 3 = 18 (11%), and 4 = 33 (21%). The following UVFs were ex-
pressed: sfa (33%), hly (24%), cnf (25%), and pap (18%). Presence of all four UVFs, hly, cnf, and sfa together, and sfa 
alone, was associated with less resistance (P < 0.0001). Class B2 was the most common phylogenetic class and con-
tained the highest number of UVFs (P < 0.001). Mean antimicrobial resistance was the highest in class A (P < 0.001) 
and the lowest in B2 (P < 0.001). Phylogenetic class A contained the lowest number of UVFs. 
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1. Introduction 

Urinary tract infections occur commonly in dogs and 
affect approximately 14% of dogs presented to veteri-
narians [1]. In two such infections, cystitis and pye-
lonephritis, Escherichia coli is the most prevalent associ-
ated pathogen, accounting for 41% to 51% of cases in 
dogs [1-4]. 

The colonization of E. coli in the uroepithelium is af-
fected by virulence factors, which play a role in over-
coming host defenses. Virulence factors are present in 
increased numbers in E. coli that infect the urinary tract 
compared to E. coli that are present only in the rectum 
[5,6]. Several urovirulence factors (UVFs) have been 
associated with canine uropathogenic E. coli (UPEC), 
including adhesion-encoding operons (pilus associated 
with pyelonephritis gene G allele III [pap]), s-fimbrial  

adhesion gene [sfa]), hemolysin (hly), cytotoxic ne-
crotizing factor (cnf), and aerobactin (aer) [5-7]. In one 
study of 12 dogs with persistent or recurrent UTIs, 70% 
of the UPEC were positive for at least one UVF [8]. Cnf, 
hly, and sfa were found most commonly and were each 
present in 52% of cases. In another study evaluating 50 
canine UPEC isolates, the most common UVFs isolated 
were type I pilus (92%), pap (54%), sfa (54%), hly (54%), 
and cnf (52%) [5]. In a third study evaluating 30 canine 
UPEC isolates, fimbriae A (83%) was most common, 
followed by sfa and cnf (both 53%), pap and aerobactin 
receptor (iutA) (37%), and hly (23%) [9]. 

Phylogenetic studies have shown that E. coli can be 
divided into four main phylogenetic classes: A, B1, B2, 
and D [10,11]. Determination of phylogenetic class can 
be determined by multilocus enzyme electrophoresis, 
ribotyping, or triplex PCR [12]. In one study, B2 was the  
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most common class for antimicrobial-susceptible organ-
isms, whereas antimicrobial-resistant organisms were 
most commonly in either A or D class [13]. Another 
study found that while B2 was less prevalent among re-
sistant organisms compared to susceptible organisms, it 
was still the most dominant class in resistant organisms 
[14]. A third study also found B2 to be the most common 
class among UPEC but did not differentiate susceptible 
versus resistant organisms [9]. To the authors’ knowl-
edge, the correlation between the presence of UVFs, phy-
logenetic class, and antimicrobial resistance in E. coli 
isolates from dogs with UTIs has not previously been 
investigated. 

Our hypothesis was that the presence of UVFs would 
be associated with increased UPEC resistance to antim-
icrobials and that B2 would be the most common phy-
logenetic class. The objectives of this study were to de-
termine the presence and prevalence of UVFs pap, sfa, 
hly, and cnf and antimicrobial resistance in canine UPEC, 
as well as to evaluate for associations between antim-
icrobial resistance and individual UVFs, the number of 
UVFs present, and phylogenetic class. We also sought to 
determine phylogenetic classes present among canine 
UPEC and the correlation between number of UVFs and 
phylogenetic class. 

2. Materials and Methods 

2.1. Case Selection 

Results from all canine urine culture samples submitted 
in 2007 to the Clinical Bacteriology and Mycology Labo-
ratory of The University of Tennessee Veterinary Medi-
cal Center were reviewed. All samples from which E. 
coli was isolated were considered for the study. Samples 
from which multiple E. coli isolates were obtained were 
excluded because recurrence versus resistance could not 
be determined. 

2.2. Antimicrobial Susceptibility 

In vitro susceptibility of E. coli isolates was determined 
using the Ericsson Sherris agar-disk diffusion method. 
Isolates were characterized as susceptible or resistant to 
specific antimicrobials based on criteria for interpreting 
zone sizes for dog samples, as described by the National 
Committee on Clinical Laboratory Standards [15]. An 
isolate was considered resistant if it measured in the in-
termediate or resistant range. The antimicrobials were 
grouped into classes as follows: aminoglycoside (ami-
kacin, gentamicin, tobramycin), fluoroquinolone (FQ; 
ciprofloxacin, marbofloxacin, enrofloxacin), beta-lactam 
with beta-lactamase inhibitor (amoxicillin/clavulanic acid), 
beta-lactam without beta-lactamase inhibitor (ampicillin, 
ticarcillin), first-generation cephalosporin (cephalothin), 

third-generation cephalosporin (ceftazidime), chloram-
phenicol (chloramphenicol), nitrofuran (nitrofurantoin), 
and potentiated sulfonamide (trimethoprim sulfameth-
oxazole [TMS]). If the isolate was resistant to any of the 
antimicrobials in the class, it was considered resistant to 
a class. 

2.3. Assays 

For UVF and phylogenetic class, polymerase chain reac-
tion assays were performed using previously described 
techniques by technicians who were blinded to the results 
of the antimicrobial resistance testing [12,16]. Briefly, 
multiplex PCR assay as used to detect genes cnf, hly, sfa, 
and pap. E coli strain J96 was used as a positive control 
sample for all 4 virulence genes, and E. coli strain JJ055 
was used as a negative control sample. A thermal cycler 
was used for the PCR assay. A commercial software pro- 
gram (FPQuest Software, version 4.5, BioRad, Rich-
mond, CA) was used to analyse band size on the elec-
trophoretic gel and to verify the presence or absence of 
virulence factor genes [16]. Triplex PCR was used to 
determine phylogenetic class using chuA and yja genes, 
and anonymous DNA fragment (Tsp.E4.C2) [12]. 

2.4. Statistical Analysis 

Descriptive statistics were generated for antimicrobial 
classes to which organisms were resistant as well as the 
number of UVFs expressed by organisms and phyloge-
netic class. Correlation was assessed in antimicrobial 
resistance patterns and UVF possession. Chi-square analy-
sis was performed to determine the association between 
possession of individual UVFs and resistance to an an-
timicrobial class. Analysis of variance (ANOVA) was 
performed to assess resistance to an antimicrobial class 
and phylogenetic class. Two-way ANOVA was performed 
to examine the relationship between resistance to an an-
timicrobial class, phylogenetic class, and possession of 
UVFs. A P value < 0.05 was considered significant. All 
statistical analysis was performed using a commercially 
available statistical software package (Analyse-it, Leeds, 
UK). 

3. Results 

Included in the study were 159 E. coli urinary tract iso-
lates from 159 different canine patients presented in the 
year 2007. Of the 159 isolates tested, 82 (52%) did not 
possess any UVFs, 24 (15%) possessed 1 UVF, 2 (1%) 
possessed 2 UVFs, 18 (11%) possessed 3 UVFs, and 33 
(21%) possessed all 4 UVFs tested (Figure 1). A total of 
214 UVFs were detected, either alone or in combination. 
The most commonly found UVF was sfa (33%) followed 
by cnf (25%), hly (24%), and pap (18%) (Figure 2). 
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Figure 1. Number of UVFs expressed per isolate. 
 

 

Figure 2. Type of UVF expressed per isolate. 
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etween antimicro- resistant isolates. Th
b al resistance and presence of UVFs. Mean resistance to 
antimicrobial class by number of UVFs expressed was 0 
UVFs = 3.9 ± 3.4 classes, 1 = 1.3 ± 2.1, 2 = 0.0 ± 0.0, 3 = 
0.4 ± 0.7, and 4 UVFs = 0.5 ± 1.1 classes. Isolates with 
all four UVFs were statistically less likely to have an-
timicrobial resistance (P < 0.001). If three UVFs were 
present, only the combination of hly, cnf, and sfa was 
statistically significant (P < 0.001). If sfa was present 
alone, resistance was also less likely (P < 0.001). When 
comparing resistance to specific antimicrobial classes, 
there was a negative correlation between presence of 
UVFs and resistance (P < 0.001) for all classes of antim-
icrobials except nitrofuran. 

Phylogenetic class B2 wa
l isolates and represented 42% of the isolates, followed 

by D (31%), B1 (14%), and A (13%). Compared to all 
other classes, B2 contained the highest number of UVFs 
(P < 0.001). There was no statistical difference in the 
number of UVFs between A, B1, or D. Mean resistance 
to antimicrobial class by phylogenetic class was A = 5.6 
± 3.3, B1 = 3.4 ± 3.3, B2 = 0.5 ± 1.0, and D = 2.9 ± 3.2. 
Mean antimicrobial resistance was highest in class A (P 
< 0.001) and lowest in B2 (P < 0.001). There was no 
statistically-significant difference between classes B1 and 
B2.  

Alth
ring phylogenetic class as well as number of UVFs 

with mean antimicrobial resistance, there was no signifi-
cant interaction between the two (P = 0.15). 

In the study report
coli isolates possessed at least one UVF, which is lower 
than reported previously (70%) [8]. 

We chose to evaluate hly, cnf, sfa
evious study showed an increased incidence of these 

UVFs in UPEC when compared to fecal E. coli, suggest-
ing they may play a role in urovirulence [5]. In addition, 
the combination of these UVFs appeared with the highest 
frequency in UPEC strains in two studies, and all four 
factors appeared together 100% and 80% of the time, 
respectively [7,8]. In our study, only 43% of the isolates 
that expressed any UVFs expressed all four together. 
Although pathogenicity islands have been detected link-
ing cnf, hly, and pap as well as cnf and hly in certain E. 
coli strains, the presence of similar pathogenicity islands 
did not appear to be present in the E. coli isolates we 
examined based on the lower incidence of all factors ap-
pearing together [17,18]. 

Several studies have c
sistance to quinolone (Q), FQ, and TMS [13,19]. All 

susceptible versus resistant E. coli that caused cystitis 
[19]. Both hly and cnf were present in 31% of susceptible 
organisms and in none of the resistant organisms. An-
other study showed similar results when comparing UPEC 
isolates susceptible vs. resistant, respectively, to Q, FQ, 
and TMS: pap (Q: 28% vs. 10%, FQ: 26% vs. 11%, TMS:
25% vs. 23%), sfa/foc (Q: 58% vs. 26%, FQ: 57% vs. 
11%, TMS: 57% vs. 39%), hly (Q: 55% vs. 13%, FQ: 
52% vs. 11%, TMS: 40% vs. 25%), cnf (Q: 42% vs. 10%, 
FQ: 39% vs. 11%, TMS: 40% vs. 25%) [13]. Another 
study comparing FQs and UVFs found decreased preva-
lence of pap, sfa/foc, hly, and cnf in FQ-resistant organ-
isms compared to susceptible organisms [14]. 

Resistance is also associated with a shift in phyloge-
netic classes. Our results were similar to previous studies 
[13,14] in which B2 was the class with the h

icrobial susceptibility. Class A was the most resistant 
class, consistent with previous studies in which A or D 
was the most common among resistant organisms [13, 
14]. 

Also similar to previous studies [9], B2 was the most 
common class among isolates that expressed UVFs. The 
more

hich contained fewer UVFs than group B2. This result 
suggests there are potentially other UVFs or separate 
factors besides UVFs that contribute to antimicrobial re-
sistance. 

Although most human studies focus on FQs and TMS, 
we found the same trend for all antimicrobial classes, 
with the e

robial classes showed a negative correlation between 
presence of UVF and resistance. None of the organisms 
was resistant to nitrofuran, which made it impossible to 
determine whether UVF plays a role in resistance to this 
antimicrobial agent. 

The biggest limitation of our study was that we tested 
only four UVFs. Although they are the most commonly 
expressed UVFs, oth

robial resistance, as one study saw an increase in other 
UVFs in resistant organisms [14]. 

In summary, it appears there is an inverse correlation 
between the presence of hly, sfa/foc, pap, and cnf and 
antimicrobial resistance amongst U

tionally, B2 is the most common class amongst UPEC 
isolates. Class B2 had the lowest mean antimicrobial 
resistance, whereas class A had the highest mean resis-
tance. Future studies are necessary to determine the po-
tential cause of antimicrobial resistance. 
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