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Antimicrobial Resistance Profiles and Clonal Relatedness of
Canine and Feline Escherichia coli Pathogens Expressing
Multidrug Resistance in the United States

B.W. Shaheen, D.M. Boothe, O.A. Oyarzabal, and T. Smaha

Background: Antimicrobial resistance is increasing among Escherichia coli isolates associated with spontaneous infection in
dogs and cats.

Objectives: To describe E. coli resistance phenotypes and clonal relatedness and their regional prevalence.

Animals: Isolates of E. coli (n = 376) collected from dogs and cats in the United States between May and September 2005.

Methods: Isolates submitted from the South, West, Northeast, and Midwest regions of the United States were prospectively
studied. Phenotype was based on E-test susceptibility to 7 antimicrobials. Isolates were classified as no (NDR), single (SDR), or
multidrug resistance (MDR). Clonal relatedness was determined by pulsed-field gel electrophoresis (PFGE).

Results: One hundred and ninety-three (51%) isolates expressed resistance to at least 1 drug, yielding 42 phenotypes. SDR
isolates (n = 84; 44%, 8 phenotypes), expressed resistance most commonly to amoxicillin (30%, n = 25) and least commonly to
cefpodoxime (1%, n = 1). MDR isolates (n = 109; 56%, 31 phenotypes) were resistant to amoxicillin (96%, n = 105), amoxicillin-
clavulanate (85%, n = 93), and enrofloxacin (64%, n = 70); 18% (n = 20) were resistant to all drugs tested. The frequency of
MDR did not differ regionally (P = .066). MDR minimum inhibitory concentrations (MICs) were 6-fold higher than SDR MICs
(P < .0001). Dendrograms of 91 isolates representing 25 phenotypes revealed 62 different PFGE profiles.

Conclusions and Clinical Importance: E. coli strains spontaneously infecting dogs and cats are genetically and phenotypi-
cally diverse. Given the current prevalence of MDR among clinical isolates of E. coli in United States, implementation of a

robust surveillance program is warranted.
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he emergence of antibiotic resistance has been doc-
umented in Escherichia coli isolates from human,
animal, and environmental sources.™! Multidrug resis-
tant (MDR) E. coli is an emerging health concern.
Several studies have demonstrated an increase in MDR
E. coli associated with infections in dogs and cats
throughout both the United States and Europe.”> No-
socomial infections associated with MDR E. coli have
been reported in dogs in intensive care units. The exten-
sive use of broadspectrum antimicrobials is a likely
contributing factor for MDR E. coli.®
In addition to the impact on animal health, emergent
MDR E. coli might have important public health conse-
quences if isolates are transmitted between humans and
their pets.”® The phylogenetic and pathotypic similarities
between E. coli isolates from urinary tract infections in
dogs and extraintestinal pathogenic E. coli (EXPEC) iso-
lates from humans are an example of a cause for
concern.” " Over 15% of fecal specimens from dogs
were found to contain E. coli strains closely related to
virulent EXPEC clones isolated from humans.'?
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Abbreviations:

A amoxicillin

AX amoxicillin-clavulanic acid

D doxycycline

E enrofloxacin

ExPEC extraintestinal pathogenic E. coli
G gentamicin

MDR multidrug resistance

MIC minimum inhibitory concentration
NDR no drug resistance

P cefpodoxime

PFGE pulsed-field gel electrophoresis
SDR single drug resistance

T trimethoprim-sulfamethoxazole
TIFF tagged image file format

Molecular characterization of resistant isolates utilizing
fingerprinting techniques such as pulsed-field gel electro-
phoresis (PFGE), repetitive extragenic palindromic
polymerase chain reaction analysis, and genetic sequenc-
ing are important tools to describe the spread of bacterial
clonal units. Among these, PFGE is particularly useful to
demonstrate close relationships among strains, including
those manifesting MDR.

Understanding the patterns of antimicrobial resistance
in canine and feline E. coli isolates is important not only
from a veterinary medical prospective, but also from a
global public health prospective. MDR bacteria are de-
tected with increasing frequency in populations exposed
to antimicrobial drugs.® Therefore, it is increasingly im-
portant for veterinarians to understand the impact of
antimicrobial drug use and the potential for emergence
of antimicrobial resistance patterns. In the present study,
we characterize the specific phenotypes of resistant E. coli
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isolates, including a description of the resistance
among antimicrobial drugs, the clonal relatedness of the
isolates, and the level of resistance. The resistance de-
scribed herein may impact empirical selection of
antimicrobial drugs when treating canine or feline E. coli
infections.

Materials and Methods

Sample Collection and Identification

All E. coli isolates (n = 376) obtained from each participating
laboratory were originally submitted to the participating laboratory
by practicing veterinarians. As such, the site of collection from var-
ious tissues (eg, urine, skin, ear, lung, and others) was determined by
the presenting population and all isolates were assumed to be patho-
genic, that is, associated with a clinical infection. To minimize bias
in sample submission from the laboratories, each laboratory was
directed to submit all E. coli isolates from dogs or cats received
between May and September 2005. Of these isolates, all samples
received from each participating laboratory except those collected
from feces or anal sacs were studied. Samples were subjected to each
laboratory’s standard procedures for culture and susceptibility test-
ing. After sample processing, pure cultures of each isolate were
established on a trypticase agar slant and shipped overnight at room
temperature by the participating laboratory to the Clinical Pharma-
cology Laboratory at Auburn University. Contributing laboratories
included 4 commercial and 5 academic (university-based) veterinary
microbiologic laboratories. The commercial laboratories were lo-
cated in California, Indiana, Massachusetts, and Wisconsin. The
academic laboratories were located in Alabama, Mississippi, North
Carolina, Kansas, and Washington. Based on the state of origin of
the submitting veterinarian, samples were divided into 4 geograph-
ical regions: South, including the states of Alabama, Mississippi,
and North Carolina; West, including the states of Washington and
California; the Midwest, including Indiana, Kansas, and Wisconsin;
and Northeast, represented by the state of Massachusetts. On ar-
rival at the Clinical Pharmacology laboratory, isolate identity was
further confirmed after incubation on MacConkey agar plates and
Kovacs testing.® All submitted isolates, except those collected from
feces or anal sacs, were studied.

Susceptibility Testing

On receipt, isolates were streaked on trypticase agar and incu-
bated at 37°C for 24 hours. Samples were then adjusted to 0.5
McFarland standard turbidity (~10% CFU), and a sterile swab was
used to inoculate two 150 mm Mueller Hinton plates (MH). Suscep-
tibility to 7 drugs, representing 5 classes of antimicrobials, was
determined by the E-test® according to the manufacturer’s instruc-
tions. The minimum inhibitory concentration (MIC) results were
interpreted according to criteria established by the Clinical and
Laboratory Standards Institute (CLSI)."* Drugs tested included 3
B-lactams (amoxicillin, amoxicillin-clavulanic acid [penicillins], and
cefpodoxime [a 3rd generation cephalosporin]), a tetracycline
(doxycycline), a fluoroquinolone (enrofloxacin), an aminoglycoside
(gentamicin), and a “‘potentiated” sulfonamide (trimethoprim-sul-
famethoxazole). Drugs were selected based on different mechanisms
of antimicrobial action and their historical use by canine and feline
veterinary practitioners. After incubation of the MH plates at 35°C
for 20-24 hours, the MIC of each drug for each isolate was re-
corded, and the isolate was designated as resistant (R) or susceptible
(S) to each the 7 drugs. The CLSI intermediate designation (I)
was treated as R.'* For control purposes, E. coli ATCC 259229
(cefpodoxime MICs range = 0.25-1pg/mL) and Streptococcus

pneumoniae ATCC 49619° (amoxicillin MICs range = 0.032—
0.125 pg/mL) were used.

Characterization of Antimicrobial
Resistance Phenotypes

Antimicrobial resistance phenotypes were generated for each iso-
late and categorized as no drug resistance (NDR), resistant to a
single drug or drug class (SDR) (amoxicillin, amoxicillin-clavulanic
acid, and cefpodoxime considered a single drug class) or resistant to
2 or more classes of antibacterial agents (MDR)."> Those MDR
isolates that were resistant to all 7 antimicrobials tested were desig-
nated as “extreme” drug resistance, or XDR. The isolates’ phe-
notypic expression in each region or each tissue site was determined.
The magnitude level of resistance, based on mean MIC, was com-
pared among isolates expressing SDR and MDR phenotypes.
Isolates with an MIC greater than the maximum concentration on
the E-test (exceeding the CLSI resistant MIC breakpoint by at least
8-fold) were considered to express high-level resistance.

Statistical Analysis

Associations between the various categories, including geograph-
ical and tissue sites and the type of resistance (NDR, SDR, or MDR
lincluding XDRY]), were assessed by the x> test by MINITAB 15 sta-
tistical package.® Statistical significance was considered at a P value
of < .05. Additionally, MICs were compared among the different
categories of resistance for each drug using a Student’s z-test after
converting MIC to geometric mean.

Clonal Relatedness of Canine and Feline E. coli Isolates

Any phenotype in each region represented by at least 2 isolates
was subjected to genetic fingerprinting by PFGE according to pro-
tocols developed by the Centers for Disease Control and Prevention
(Atlanta, GA).'® Briefly, the genomic DNA of each isolate was em-
bedded in agarose plugs and the plugs were transferred to 50 mL
tubes’ containing 5mL of cell lysis buffer (50mM Tris, 50 mM
EDTA [pH 8.0], 1% sarcosine, and 0.1 mg of proteinase K/mL).
Samples (n=91 isolates) were lysed for 120 minute at 54°C in an or-
bital shaker water bath with constant agitation (150-200 rpm). A
total of 6 washes (twice with sterile ultrapure water and 4 times with
0.01 M Tris-EDTA buffer, pH 8.0) were used to remove excess re-
agents and cell debris from the lysed samples. Samples were treated
with the restriction endonuclease Xbal® (40-50 U of enzyme at 37°C
for 2 hours) and PFGE was performed with a contour-clamped ho-
mogeneous electric field machine.” Running parameters for DNA
electrophoresis were 18 hours at a constant voltage of 200V (6 V/cm),
with a pulse time of 5.0-40.0 seconds, an electric field angle of 120°,
and a temperature of 14°C. Completed gels were stained with
ethidium bromide.

Computer Analysis of PFGE Patterns

Gel images were captured on a Gel Doc imaging system.' Images
were converted to tagged image file format (TIFF) files using the
automated GeneSnap' and analyzed with BioNumerics software.®
The TIFF images were normalized using 3 standards per gel (Sal-
monella serotype Braenderup H9812), which were loaded on lanes 1,
7, and 15.'7 Matching and dendrogram analysis of the PFGE pat-
terns were accomplished by unweighted pair group method with
arithmetic mean analysis and the Dice correlation coefficient. Sam-
ples with DNA relatedness of 90% or more were considered
identical.
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Results
Antimicrobial Resistance Phenotypes

Of the 376 isolates studied, 301 samples were collected
from dogs and 75 from cats. The most common samples
were urine (n = 174), skin (n = 27), lung (n = 22), ear (n
= 27), soft tissue (n = 15), and others (n = 111). Resis-
tance to at least 1 drug or drug class was expressed by 193
(51.3%) isolates. Resistant isolates were represented by
43 different phenotypes: 8 phenotypes for SDR (n = 84
isolates) (Fig 1A) and 35 phenotypes for MDR isolates (n
= 109 isolates) (Fig 1B). Within MDR, most phenotypes
were represented by at least 2 isolates (total n = 93) with
16 phenotypes represented by only 1 isolate (the latter are
not indicated in Fig 1B). Among the SDR phenotypes,
the most commonly represented class of drugs to which
resistance was expressed was the B-lactams (82%, n = 69/
84). This included amoxicillin (30%, n = 25/84) and
amoxicillin-clauvalanic acid (29%, n = 24/84) (Fig 1A).
Other strains were resistant to combinations of
amoxicillin, amoxicillin-clauvalanic acid, and cefpodoxime
(24%, n = 20/84). Less than 20% (n = 14/84) of the SDR
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Fig 1. The number and proportion (%) of each SDR (A) and
MDR (B) phenotype(s) expressed in 376 isolates of Escherichia coli
causing spontaneous disease in dogs and cats throughout the United
States. Numbers of isolates are indicated above each bar. The resis-
tant isolates were represented by 43 different phenotypes including 8
phenotypes for SDR isolates (n = 84) and 35 phenotypes for MDR
isolates (n = 109). MDR phenotypes with 1 isolate (n = 16) and
NDR phenotypes (n = 183) are not indicated in (B). SDR, single
drug resistance; MDR, multiple drug resistance; NDR, no drug re-
sistance; XDR, resistance to all 7 antimicrobials; A, amoxicillin;
AX, amoxicillin-clavulanic acid; P, cefpodoxime; D, doxycycline; E,
enrofloxacin; G, gentamicin; T, trimethoprim-sulfamethoxazole.
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Fig 2. Frequency of resistance to specific antibiotics in isolates
with MDR phenotypes that are resistant to enrofloxacin. Numbers
of isolates are indicated above each bar. MDR, multiple drug resis-
tance; FQ, flouroquinolone; A, amoxicillin; AX, amoxicillin-
clavulanic acid; P, cefpodoxime; D, doxycycline; E, enrofloxacin;
G, gentamicin; T, trimethoprim-sulfamethoxazole.

isolates were resistant to cefpodoxime, doxycycline,
enrofloxacin, or trimethoprim-sulfamethoxazole alone
(Fig 1A).

For MDR (n = 109), the most common phenotype
was XDR, with 18% (n = 20), expressing resistance to all
7 antimicrobials, while the resistance percentages to 5
and 6 drugs were 17% (n = 16) and 21% (n = 23), respec-
tively (Fig 1B). The remaining MDR isolates were repre-
sented by 31 different phenotypes. Amoxicillin was
associated with 96% (n = 105/109) of the MDR pheno-
types, followed by amoxicillin-clauvalanic acid (85%; n
= 93/109), and enrofloxacin (64%; n = 70/109). Com-
parison for statistical significance for this association was
not performed because of insufficient observations and
limited sample size. The proportion of each drug that was
co-resistant with enroflxoacin was determined. For
enrofloxacin, only 3 of 84 (4%) isolates were SDR.
B-lactams were the most common drug accompanying en-
rofloxacin resistance in isolates expressing MDR (Fig 2).
The drugs with which enrofloxacin resistance was
most commonly associated with were amoxicillin (97%),
amoxicillin-clauvalanic acid (94%), and cefpodoxime
(67%). The enrofloxacin-MDR phenotype also was
present in the majority of isolates expressing resis-
tance to trimethoprim-sulfamethoxazole (63%), cefpo-
doxime (60%), gentamicin (53%), and doxycycline
(53%) observed.

The majority of isolates were submitted by the South
region (n = 133), while the West submitted 79 isolates
(Table 1). In the South, the largest proportion of resistant
isolates were submitted by Auburn University 31%
(n=41), followed by Mississippi 20% (n = 26), and North
Carolina 20% (n=27) representing the academic-based
laboratories. Isolates from the South region had a higher
proportion of resistance (62%), while the West region
had the lowest proportion of resistance compared with
other regions (38%) (P value < .001). Among different
phenotypes found in the South region, the MDR pheno-
type was represented by more XDR than non-XDR
phenotypes (28%, n = 16/57) (Table 1).



326 Shaheen et al

Table 1. Distribution of resistant phenotypes and their geographical locations.

Regions (Total Number of Resistant

Number) Phenotypes (%)* Antimicrobial Phenotype(s)b

Midwest (107) 53 (50) A (10); AD, AXDEGT, AXET, AXP, AXPD, AXPDET, E (2); ADG, AT, AXD, AXDE, AXDET,
AXE, AXEGT, AXPDEG, AXPDT, AXPEGT, AXPET, AXPGT, AXT, DE, DEG, P, T, XDR
(1); AX(6); D (5)

Northeast (57) 27 (47) A, AX (4); ADEGT, AXDGT, AXDT, AXE, AXPDEG, AXT, E (1); AXDEGT, AXPD (2); AXP
(5); XDR (3)

South (133) 83 (62) A, AXPE (5); AD, ADET, ADGT, AP, AXD, AXDET, AXDGT, AXDT, AXET, AXPDGT,
AXPDT, AXPEG, AXPEGT, AXPT, AXT, T (1); AT, AXE, AXDEG, AXEGT, AXEGT,
AXPD, AXPDEG, D (2); AX, AXP (9); AXPDET (8); XDR (16)

West (79) 30 (38) A (6); AD, AT, AXPDE, AXPDEG, AXPEGT, AXT, D, DT, EGT (1); AX (5); AXD, AXPD (3);

AXP (4)

“Number in parentheses is the percent of resistant isolates collected from that region.
"Number in parentheses is the total number of phenotypes collected from that region.
A, amoxicillin; X, amoxicillin-clavulanic acid; P, cefpodoxime; D, doxycycline; E, enrofloxacin; G, gentamicin; T, trimethoprim-sulfa-

methoxazole; XDR, resistance to all 7 antimicrobials.

Comparisons of Antimicrobial Resistance Profiles
among Isolates from Different Geographical
Regions and Tissues

The proportion of SDR versus MDR phenotypes did
not differ among regions (P = .066) (Fig 3). Although
not significant, the isolates in the south region were char-
acterized by the highest percentage of MDR phenotype
(42%,n = 56/133), while those from the West region had
the lowest percentage (18%, n = 14/79) (Fig 3). Differ-
ences in MDR phenotype frequencies between tissues
were not statistically significant (P = .664); however, the
highest percentage was among isolates from the skin
(44%, n = 12/27) and the lowest was among those from
the ear (15%, n = 4/27) (Fig 4).

The Impact of MDR Phenotypes on the Level
of the Resistance

Because MDR was more commonly associated with
amoxicillin and enrofloxacin, we compared the level of
resistance based on the level of the MICs (ie, low versus
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Fig 3. Percentages of SDR, MDR, and NDR phenotypes among
Escherichia coli clinical isolates by geographical region. For SDR,
MDR, and NDR, the percentage was calculated from the total
number of isolates in each region. The number of isolates for each
phenotype is indicated within each bar, while the numbers in the
parentheses after each region represent the total number of isolates
in that region. SDR, single drug resistance; MDR, multiple drug re-
sistance; NDR, no drug resistance.

high) for these 2 drugs among the 2 categories of resis-
tance (ie, SDR versus MDR isolates). The MIC geo-
metric mean for amoxicillin was 53 pg/mL in SDR
isolates compared with 381 ug/mL for MDR isolates
(P < .001). For enrofloxacin, the MIC geometric mean
was 3.6 pg/mL for SDR compared with 32.2 pg/mL for
MDR. Statistical comparisons were not possible for
other drugs because of limited SDR to each drug. The
proportion of isolates exhibiting high level resistance
to amoxicillin (MIC > 256 pg/mL) was greater (78%;
n = 137/175) for MDR isolates compared with SDR iso-
lates (5%;n = 9/175) (Fig SA). Similarly, 79% (n = 58/73)
of MDR isolates expressed high level resistance to en-
rofloxacin (ie, MICs > 32 pg/mL) compared with only
1% (n = 1/73) of SDR isolates (Fig 5B).

PFGE and Clonal Relatedness

The number of isolates subjected to PFGE (ie, pheno-
types associated with at least 2 isolates per region) was
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Fig 4. Overall percentage of SDR, MDR, and NDR phenotypes
among Escherichia coli clinical isolates by tissue site. For SDR,
MDR, and NDR, the percentage was calculated from the total
number of isolates in that tissue. The number of isolates for each
phenotype is indicated within each bar, while numbers in the paren-
theses after each tissue site represent the total number of isolates in
that tissue. Other tissues not represented include abdominal and
peritoneal fluid. SDR, single drug resistance; MDR, multiple drug
resistance; NDR, no drug resistance.
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Fig 5. Comparison between SDR and MDR phenotypes based on
the MIC for either amoxicillin (A) or enrofloxacin (B) in MDR ver-
sus SDR phenotypes. The proportion of MDR compared with SDR
isolates with high MIC is greater for both drugs expressing MDR
phenotypes. See text for more detail. SDR, single drug resistance;
MDR, multiple drug resistance.

South 48, Midwest 27, Northeast 11, and West 5. Of
these 91 isolates, 62 different PFGE patterns represent-
ing 25 different phenotypes were obtained. Among the
isolates from Auburn University (n = 34; 11 pheno-
types), a total of 18 different PFGE patterns were
identified (Fig 6). Antimicrobial resistance phenotypes
and genotypes were distinct, thus different PFGE profiles
were obtained despite similar antimicrobial resistance
profiles among SDR, MDR, and XDR phenotypes. Re-
garding tissue sites, the largest number of isolates
subjected to PFGE were from urine (n = 46), with 35
different PFGE patterns representing 15 different pheno-
types. Seven different clusters (ie, isolates that were related
based on 90% similarity PFGE fingerprinting) were iden-
tified. Six clusters from the South and Midwest regions,
which comprised 4 clusters with 2 isolates each, and 2
clusters with 4 isolates each, were phenotypically different
(Fig 7). Only 1 cluster occurring in the Midwest region,
which consisted of 2 isolates, had similar phenotypes.

Discussion

The emergence of antimicrobial resistance among
pathogens in human or veterinary medicine increases

the risk of therapeutic failure.'® In the present study,
57% (n = 109/193) of E. coli isolates were phenotypically
resistant to multiple antimicrobials (Fig 1B). The major-
ity of E. coli isolates were genetically distinct from one
another based on the analysis of PFGE fingerprint pat-
terns. Our results found no correlation between
phenotypes and genotypes within the same region (Fig
6), or within the same sample (ie, urine sample) (Fig 7).
This observation is in agreement with studies that dem-
onstrate antibiotic resistance patterns to significantly
differ within PFGE types among uropathogenic E. coli
isolated from dogs.'” 2! As reported previously, the pos-
sibility of horizontal transfer of mobile genetic elements
to confer resistance, such as plasmids, integrons, or
phage-mediated exchange, is likely to have contributed
to different PFGE patterns in our study.'® ! The differ-
ent PFGE profiles might be explained by the large
genomic diversity that characterizes E. coli isolates. This
diversity has also been demonstrated by earlier studies
using multilocus enzyme electrophoresis.”*** Identical
clones and isolates from similar clonal complexes are fre-
quently recovered from diverse geographical and
temporal origins.>* In the case of medically important
but numerically small numbers of pathogenic lineages of
E. coli (ie, enteropathogenic or enterohaemorrhagic
strains), recombination (ie, exchange of strands of ho-
mologous chromosomal DNA) appears to play a limited
role in the genetic diversity. The contribution of recom-
bination to the genetic variability of E. coli isolates that
produce animal disease has not been fully addressed.**

Many antimicrobials that are used to treat infections
in dogs and cats are assumed to increase the selection of
resistant strains.! The present study revealed a large pro-
portion of resistance to PB-lactams, both in SDR and
MDR isolates (Fig 1A,B). A similar finding was reported
in canine and feline E. coli isolates in the United King-
dom during the years 1989-1997, with resistance
expressed toward amoxicillin-clavulanic acid, including
many MDR isolates.” Similar observations were re-
ported for nonenteric E. coli isolates from dogs in the
United States between 1990 and 1998, in which isolates
exhibited resistance to amoxicillin, carbenicillin, and cep-
halothin. It is tempting to speculate that this magnitude
of resistance reflects the popularity of the B-lactams.
However, information regarding antimicrobial use
among canine and feline practitioners currently is not
available.

Our observations indicated that enrofloxacin resistant
isolates were more likely to be part of MDR phenotypes
compared to SDR phenotypes. This observation is in
agreement with previous studies, which also suggest that
the selection of fluoroquinolone-resistant mutants of E.
coli is frequent. Cooke et al*® indicated that enrofloxacin
resistant isolates were also MDR to at least 3 other an-
timicrobials commonly used to treat UTI. Likewise,
studies from human medicine have indicated the associ-
ation of fluoroquinolone use with MDR phenotypes in
clinical isolates of uropathogenic E. coli**® The ap-
pearance of MDR phenotypes may be correlated with
the use of fluoroquinolones over the recent years in vet-
erinary medicine.”®
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Fig 6. The dendrogram of SDR, MDR, and NDR phenotypes among Escherichia coli clinical isolates collected from the same region
(South). Isolates from the South were largely submitted from academic institutions. SDR, single drug resistance; MDR, multiple drug resis-
tance; NDR, no drug resistance; XDR, resistance to all 7 antimicrobials; A, amoxicillin; AX, amoxicillin-clavulanic acid; P, cefpodoxime; D,
doxycycline; E, enrofloxacin; G, gentamicin; T, trimethoprim-sulfamethoxazole. “Isolates’ identification. "The SDR and MDR phenotype for
each isolate. “The specific antimicrobial resistance phenotype for each isolate. “Isolates’ tissue site.
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Fig 7. The dendrogram for Escherichia coli phenotypes collected from a single tissue (urine). SDR, single drug resistance; MDR, multiple
drug resistance; NDR, no drug resistance; XDR, resistance to all 7 antimicrobials; A, amoxicillin; AX, amoxicillin-clavulanic acid; P,
cefpodoxime; D, doxycycline; E, enrofloxacin; G, gentamicin; T, trimethoprim-sulfamethoxazole. “The SDR and MDR phenotype for each
isolate. ®The specific antimicrobial resistance phenotype for each isolate. “The multiple geographical regions of isolates.
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We were surprised to find that resistance was greater
for isolates collected from the skin compared with other
tissues. Increasingly, many homologous resistance genes’
sequences have been identified and showed to share high
similarities among nonrelated bacteria.>*=*° The sharing
of genes becomes very important in exposed environ-
ments, such as the skin, in which the spread of resistance
gene can be facilitated among heterogeneous bacterial
communities through a variety of mobile elements.*® A
higher probability of horizontal gene transfer might ex-
plain the proportion and diversity of MDR phenotypes
among E. coli isolates from skin tissue.>!

An attribute of our study is the broad distribution of
MICs characterizing the study sample population. An
advantage of the E test was that both very low and very
high MIC (several magnitudes below and above the
CLSI susceptible and resistant breakpoints, respectively)
could be measured, allowing detection of very susceptible
or very resistant isolates. The magnitude of concentra-
tions tested allows us to describe the high level of
resistance that is associated with MDR isolates com-
pared with SDR isolates. It may be important to
understand that MDR isolates are not only resistant to
many drugs, but the level of resistance to those drugs is
very high and thus might not likely to be overcome by
increasing doses, nor combination antimicrobial therapy.

Our study was confined to a restricted time frame
(summer 2005), a limited sample size, and a limited num-
ber of antimicrobial drugs to which the isolates were
tested. However, the chosen drugs represented all drug
classes commonly used by veterinarians. Further, geo-
graphical regions of collection were broad and the
isolates were collected from multiple tissue sites. As such,
isolates tested should represent a broad diversity of those
causing infection in dogs and cats. However, among the
limitations in this diversity are the confounding factors
of region and laboratory type. In our study, the magni-
tude of resistance was greater in isolates submitted from
the South and less in isolates submitted from the West
compared with the Midwest and Northeast. However,
submitting laboratories from the South were largely ac-
ademic in location while those from the West were
commercial. It is likely, but can not be proven, that more
isolates submitted from academic laboratories were sam-
pled from animals in a secondary or tertiary care setting
compared with those submitted from commercial labo-
ratories. Isolates from the former may be more likely to
be associated with previous antimicrobial use. We could
not separate out the confounding factors of region or
laboratory type. More importantly, we had no informa-
tion on the patients from which our isolates were
collected regarding previous antimicrobial use, including
the appropriateness of dosing regimens; both factors
might contribute to antimicrobial resistance.>? Further
studies (eg, surveillance) are indicated to identify those
risk factors associated with resistance.

In conclusion, SDR and MDR phenotypes identified
in this study were not associated with any particular
PFGE pattern within the same sample or among
the same geographical location collected over the same
period. Further, MDR phenotypes were more commonly

isolated in the South regions, although this may reflect
the academic laboratory base of this region in our study.
Enrofloxacin resistance was rarely associated with SDR,
but frequently associated with MDR phenotypes. Most
importantly, MDR phenotypes were associated with
high level of resistance to each of the drugs in the isolate
resistant phenotype. This study underscores the need for
a comprehensive assessment of antimicrobial resistance
in dogs and cats, including factors that increase the risk
of emergent resistance.

Footnotes

#Shaheen BW, Boothe DM, Oyarzabal OA, et al. Characterization
of clinical Escherichia coli isolates expressing multidrug resistance
recovered from canine and feline with spontaneous disease. Am
Coll Vet Intern Med Ann Forum, San Antonio, TX, 2008 (ab-
stract)
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