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Abstract: Infective endocarditis (IE) is a potentially fatal disease in dogs. Limited information exists
regarding the characterization of bacterial isolates from dogs with IE. The objective of this study
was to describe bacterial isolates associated with IE and their antimicrobial susceptibility patterns.
A retrospective analysis of dogs with IE and bacterial isolates was performed, and antimicrobial
susceptibility was interpreted using current veterinary cut points where available. The susceptibility
rate was assessed for association with survival and previous antimicrobial administration. Fifty-one
bacterial isolates were identified from 45 dogs, and 33 had antimicrobial susceptibility performed.
Staphylococcus spp. (14/51; 27.5%) was the most common organism. Antimicrobials with the lowest
susceptibility rate were ampicillin (19/26; 73%), doxycycline (16/22; 73%), and enrofloxacin (22/29;
76%) with 12/33 (36%) of isolates exhibiting multidrug resistance (MDR). Individual antimicrobial
resistances and the MDR rate were not associated with a difference in survival rate. Bacterial isolates
from dogs that had received fluoroquinolone antimicrobials in the month before diagnosis had a
higher rate of non-intrinsic fluoroquinolones resistance (5/8;62.5%) compared to those that did not
receive fluoroquinolones (2/21; 9.5%) (p = 0.03). Antimicrobial resistance and MDR phenotype were
common in this study. Culture and antimicrobial susceptibility testing should be pursued in dogs
with IE to help guide antimicrobial therapy.

Keywords: sepsis; cardiac infection; endomyocarditis; bacteremia

1. Introduction

Infective endocarditis (IE) is an uncommon but potentially fatal infection of the heart
valves or endocardium, with an incidence of <1% in dogs and a mortality rate of approxi-
mately 50% [1–4]. Infective endocarditis in dogs primarily targets the aortic, mitral, and, less
commonly, the tricuspid and pulmonic valves, and can result in complications including left
sided congestive heart failure, arrhythmias, thromboembolic disease, glomerulonephritis,
polyarthritis, and acute kidney injury [3–5]. A definitive diagnosis requires identification
of the vegetative or erosive endocardial lesions with a biopsy [6]. However, an antemortem
presumptive diagnosis is obtained by fulfilling the modified Duke criteria, which incor-
porates criteria for diagnosis, such as echocardiographic findings of vegetative lesions or
growth from microbiological blood cultures [5,6].

The most commonly reported bacterial etiologies associated with IE in dogs include
Staphylococcus spp., Streptococcus spp., Escherichia coli, and Bartonella spp. [1–5,7]. No con-
sensus empiric antimicrobial therapy has been described for dogs with IE. However, broad
spectrum antimicrobial treatment that targets the most commonly identified organisms
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is recommended. Empiric therapy commonly includes a β-lactam in conjunction with an
aminoglycoside or fluoroquinolone antimicrobial [5,7,8]. Identifying the etiologic agent and
corresponding antimicrobial susceptibility pattern is important in formulating and refining
an appropriate antimicrobial treatment plan. However, microbiological blood cultures are
negative in 24–60% of dogs with IE and there are some clinical situations where blood
cultures may not be performed, making culture-directed antimicrobial therapy impossible
in these instances [1,3,4,7,9,10].

2. Materials and Methods
2.1. Data Collection

Medical records from the UC Davis William R Pritchard Veterinary Medical Teaching
Hospital from 2005 to 2020 were reviewed for dogs with a diagnosis of IE. Dogs were
included if they had a diagnosis of IE upon necropsy evaluation with histopathology of
the valve or through an anti-mortem fulfillment of the modified Duke criteria by meeting
2 major criteria, or 1 major and 2 minor criteria (Table 1) [8]. Additionally, a positive
microbiological blood culture or culture of the heart valve from a specimen obtained at
necropsy had to be documented to be included. The institutional protocol for the collection
of blood culture specimens is to aseptically collect 3 to 6 aliquots of blood. Specimens were
collected from three different anatomic locations at 0-, 10-, and 60-min time points. The
specimens were then aseptically transferred to aerobic or anaerobic blood culture vials,
incubated at 35 ◦C, and subcultured on blood agar after 24 h, 48 h, and 5 days of incubation.
Isolated bacterial colonies were identified with matrix-assisted laser desorption ionization
time-of-flight spectrometry analysis, standard biochemical testing including spot tests,
coagulase, tubed media, and bacterial identification strips (API, Biomerieux, Marcy-l’Etoile,
France), or a combination of these methodologies. The microbiological culture results
were considered positive after independent review by 2 authors (K.L.R. and S.E.E.) and
considered unlikely to represent contamination by both reviewers based on the presence
of the same organism in ≥2 culture specimens. If only 1 specimen was documented
to have bacterial growth, the cultures were considered positive if there was evidence
of vegetative valvular lesions on echocardiogram and the bacterial isolate was a typical
IE pathogen. Antimicrobial susceptibility was determined using standard methodology
using a broth microdilution (Sensititre, ThermoFisher, Waltham, MA, USA). The minimum
inhibitory concentration (MIC) was recorded for each bacteria-antimicrobial pair. Where
possible, the bacterial isolates were categorized as resistant, intermediate, or susceptible
based on current veterinary Clinical Laboratories Standards Institute guidelines [11,12] or
extrapolated from human guidelines [13]. In instances where the isolate was not tested
against antimicrobial concentrations that include current breakpoints, this was noted and
susceptibility from the time of culture was utilized for further analysis in the study. Further,
all isolate-antimicrobial pairs that fell into the intermediate classification were considered
non-susceptible. Bacterial isolates were categorized as multi drug resistant (MDR) when
resistance to one antimicrobial in ≥3 antimicrobial classes was documented where intrinsic
resistance would not be expected [14]. Cases were defined as polymicrobial if >1 bacterial
isolate was identified from cultures.

Data from the electronic medical record were collected for each enrolled dog, including
type of culture submitted (aerobic alone or aerobic and anaerobic), specimen collected
(blood or cardiac valve collected during necropsy examination), number of specimens
collected, and number of those specimens that were positive for bacterial growth. Further,
the signalment, antimicrobial therapy in the 1 month before IE diagnosis, empiric antimi-
crobial therapy after IE diagnosis but before culture results were available, and outcome
were recorded. Dogs were considered non-survivors if their death or euthanasia was
attributed to the IE diagnosis. Dogs were categorized as survivors if no death or euthanasia
was attributed to the IE diagnosis, and they were alive at ≥1 month after IE diagnosis.
Dogs that did not have follow up beyond 1 month after IE diagnosis were categorized as
unknown outcome.
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Table 1. Modified Duke criteria describing major and minor criteria for the antemortem diagnosis of
IE in dogs [8].

Major Criteria Minor Criteria

Echocardiogram lesions (vegetative, erosive, abscess, more than
trivial valvular insufficiency) consistent with IE

Rectal temperature > 39 ◦C
New or worsening heart murmur

Positive blood cultures with Predisposing cardiac disease (subaortic stenosis)
≥2 bottles with typical organism Evidence of thromboembolic disease

≥3 bottles with common skin contaminant Evidence of secondary immune-mediated disease
Persistent positive cultures ≥ 12 h Microbiological findings not meeting major criteria

Positive Bartonella spp. serology

2.2. Statistical Analysis

Descriptive statistics were utilized to summarize the population demographics and
determine the proportion of isolates that were susceptible to antimicrobials. Continuous
variables were tested for normality with a D’Agostino-Pearson normality test and normally
distributed parameters were reported with mean and standard deviation. The proportion
of MDR organisms was compared between survivors and non-survivors using a Fisher’s
exact test. The rate of antimicrobial resistance between dogs that had and had not been
exposed to an antimicrobial class in the 1 month before IE diagnosis was compared if
≥3 bacterial isolates were available from dogs that had received an antimicrobial in that
class using a Fisher’s exact test. A Bonferroni-Dunn correction was applied to multiple
comparisons when statistical significance was observed after the initial comparison and
the adjusted p value was reported. A commercially available statistical software was used
for analysis (GraphPad version 9.5.0, Prism, San Diego, CA, USA). For all comparisons,
p < 0.05 was considered significant.

3. Results
3.1. Population Description

During the study period, 113 dogs were diagnosed with IE based on necropsy findings
or antemortem fulfillment of the modified Duke criteria. Of these dogs, 45/113 (40%) had
a bacterial etiologic agent isolated and were included in the study. The mean age of the
included dogs was 8.3 years (standard deviation (SD): 3.4 years). The sex distribution
included 27 (60%) neutered males, 3 (6.5%) intact males, 13 (31%) neutered females, and
2 (4.35%) intact females. Dog breeds with ≥2 dogs represented included 12 (26%) Labrador
retrievers or Labrador retriever hybrids, 4 (8.7%) golden retrievers, 4 (8.7%) pit bull or pit
bull hybrids, 3 (6.5%) German shepherd dogs, 2 (4.4%) Maltese, and 2 (4.4%) Rhodesian
ridgebacks. Thirty (66.6%) of the study dogs were characterized as non-survivors, 13 (28.8%)
as survivors, and 2 (4.4%) had an unknown outcome.

3.2. Microbiological Cultures and Bacterial Isolates

Of the 45 dogs with positive microbiological cultures, bacterial isolates were obtained
from antemortem blood cultures in 41/45 (91%) dogs and from cultures of the affected valve
collected at necropsy from 4/45 (8.9%) dogs. Antemortem blood cultures included 33 dogs
with aerobic and anaerobic blood cultures, and 8 dogs with only aerobic blood cultures
performed. From these 45 dogs, 51 bacterial isolates were identified (Table 2). Thirty gram-
positive aerobic organisms were identified from 29 dogs and 13 gram-negative aerobic
isolates were obtained from 11 dogs. Eight anaerobic bacterial isolates were obtained from
8 dogs (Table 2).
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Table 2. Total bacterial species isolated and isolates subcategorized by survivor status of the dog
with IE.

All Isolates
%(n)

Survivor
Subcategory

%(n)

Non-Survivors
Subcategory

%(n)

Lost to Follow Up
Subcategory

%(n)

Total isolates 51 15 34 2
Gram positive aerobes

Staphylococcus spp. 27.5% (14) 33.3% (5) 23.5% (8) 50% (1)
Streptococcus spp. 21.6% (11) 13.3% (2) 26.5% (9) -
Enterococcus spp. 9.8% (5) 20.0% (3) 5.9% (2) -
Gram negative

aerobes
Enteric

Escherichia coli 15.7% (8) 13.3% (2) 17.6% (6) -
Enterobacter cloacae 2.0% (1) - 3.0% (1) -

Salmonella sp. 2.0% (1) 6.7% (1) - -
Serratia marcescens 2.0% (1) - - 50% (1)

Non-enteric
Pseudomonas spp. 3.9% (2) - 5.9% (2) -

Facultative Anaerobes
Pasteurella spp. 5.9% (3) - 8.9% (3) -

Anaerobes
Actinomyces sp. 5.9% (3) 6.7% (1) 5.9% (2) -

Clostridium perfringens 2.0% (1) - 3.0% (1) -
Leptotrichia sp. 2.0% (1) 6.7% (1) - -

Forty-one dogs were diagnosed with a monomicrobial infection and 4 with polymicro-
bial infections. Three of the 4 polymicrobial infections were diagnosed based on antemortem
blood cultures, and 1 was obtained from a culture of the valve collected at necropsy. The
four polymicrobial infections included 1 dog with Escherichia coli and Enterococcus faecium;
1 dog with Clostridium perfringens and Streptococcus viridans; 1 dog with Staphylococcus
pseudintermedius, Enterococcus faecalis, and E. coli; and 1 dog with Pseudomonas aeruginosa,
Enterobacter cloacae, and E. coli.

In non-survivors, the most common bacterial isolates were Streptococcus spp. (9/30,
30%) and Staphylococcus spp. (8/30, 27%). In survivors, the most common bacterial isolates
were Staphylococcus spp. (5/10, 50%) and Enterococcus spp. (3/10, 30%). There was no
difference in the proportion of dogs with gram-positive, gram-negative, anaerobic isolates,
or mixed infections between survivors and non-survivors (p = 0.67).

3.3. Antimicrobial Susceptibility Patterns

Of the 51 bacterial isolates, 33 bacterial isolates from 31 dogs had associated antimi-
crobial susceptibility performed. Eighteen bacterial isolates from 14 dogs did not have
antimicrobial susceptibility available. These included 7 isolates that were presumed to
have broad susceptibility based on the species identification (5 Streptococcus spp. isolates
and 2 anaerobic isolates), 4 isolates that were obtained from necropsy specimens where
antimicrobial susceptibility is not routinely performed in our institution, and 7 isolates that
did not have antimicrobial susceptibility performed for unknown reasons.

The rate of antimicrobial susceptibility is outlined in Table 3 with MIC data outlined
for bacterial species with >1 isolate in Table S1. Of the 13 Staphylococcus spp. isolates
with available culture and susceptibility results, the antimicrobial with the highest rate of
non-intrinsic resistance was ampicillin (7/13, 54%). Four of the 13 (31%) Staphylococcus
spp. isolates were oxacillin resistant. Isolates from survivors and non-survivors did
not significantly differ in the rate of resistance to individual antimicrobials. Multidrug
resistance was noted in 12/33 (36%) isolates. This consisted of 5 Staphylococcus spp., 4
Enterococcus spp., 2 Streptococcus spp., and 1 E. coli. There was no difference in the rate of
MDR isolates between survivors and non-survivors (p > 0.99).
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Table 3. Antimicrobial susceptibility rate for various antimicrobial agents and corresponding survivor
status for the dog from which the isolate was obtained.

Antimicrobial Isolates Tested
n

All Organisms
n (%)

Survivor
n (%)

Non-Survivor
n (%) p Value

Amikacin 29 23 (79%) 7 (64%) 11 (69%) 0.3
Amoxicillin/clavulanic acid 26 23 (88%) 11 (100%) 10 (77%) 0.2

Ampicillin 26 19 (73%) 7 (64%) 10 (77%) 0.7
Cefazolin 27 21 (78%) 9 (90%) 11 (73%) 0.6

Chloramphenicol 32 29 (90%) 12 (86%) 15 (94%) 0.6
Clindamycin 19 16 (84%) 5 (71%) 10 (91%) 0.5
Doxycycline 22 16 (73%) 7 (58%) 8 (89%) 0.2
Enrofloxacin 29 22 (76%) 8 (73%) 12 (75%) 1

Imipenem 30 27 (90%) 12 (92%) 13 (87%) 1
Marbofloxacin 26 23 (88%) 9 (90%) 12 (86%) 1

TMS 28 24 (86%) 10 (91%) 12 (80%) 0.6
Vancomycin 9 9 (100%) 5 (100%) 4 (100%) 1

Thirty of the 45 dogs had been administered antimicrobial therapy within the 1 month
before IE diagnosis. Administration of antimicrobials within 1 month prior to diagnosis
was not associated with survivor status (p = 0.7). Antimicrobial susceptibility testing
was available for 23 isolates from 21 dogs that had received previous antimicrobials. The
rate of isolation of at least one MDR organism did not differ between those that had
received prior antimicrobials (8/21; 38%) compared to those without previous antimicrobial
administration (3/10; 30%) (p > 0.99).

Dogs that had received a fluoroquinolone antimicrobial in the 1 month before the
diagnosis of IE had a higher rate of isolates with non-intrinsic resistance to that antimi-
crobial class (5/8; 72%) when compared to dogs that had not received a fluoroquinolone
antimicrobial in the 1 month before IE diagnosis (2/20, 29%) (adjusted p = 0.027) (Table 4).
Administration of β-lactam antimicrobials and tetracyclines in the 1 month before diagnosis
of IE was not associated with isolation of bacteria with resistance to the corresponding
classes of antimicrobials.

Table 4. Isolate susceptibility stratified on exposure to an antimicrobial in that class in the 1 month
before IE diagnosis.

Antimicrobial
Class

No. Dogs
Administered

Specified
Antimicrobial

% (n) of Dogs
Administered Specified
Antimicrobial with ≥1

Isolate Exhibiting
Non-Intrinsic Resistance

to Antimicrobial

No. Dogs Not
Administered

Specified
Antimicrobial

% (n) of Dogs Not
Administered Specified
Antimicrobial with ≥1

Isolate Exhibiting
Non-Intrinsic Resistance

to Antimicrobial

Adjusted
p Value

β-lactams 11 27% (3) 20 67% (6) 1
Fluoroquinolones 8 72% (5) 20 29% (2) 0.027

Tetracyclines 4 25% (1) 26 89% (8) 0.54

3.4. Empiric Antimicrobial Therapy

Of the 45 dogs in the study, 43 (96%) were treated with antimicrobials before culture
results were available. Of the 43 cases, the most prescribed empiric antimicrobials included
a penicillin with or without a β-lactamase inhibitor (40/43, 93%), a fluoroquinolone (33/43,
77%), or a combination including antimicrobials from these classes 31/43 (72%) (Table S2).
Of the 31 dogs that had bacterial isolates with antimicrobial susceptibility performed, 3/31
(9.7%) dogs had bacterial isolates that were resistant to all the antimicrobials used in the
empiric antimicrobial therapy. This included 1 dog treated empirically with ampicillin-
sulbactam alone, 1 with ampicillin and enrofloxacin, and 1 with ampicillin-sulbactam and
enrofloxacin. Two of these dogs were non-survivors and one was a survivor.
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When assessing commonly prescribed empiric IE therapy and susceptibility, 1/31 dogs
with antimicrobial susceptibility had a bacterial isolate, a Pseudomonas aeruginosa, that
had predicted resistance to both drugs in the combination ampicillin-sulbactam and en-
rofloxacin. No dogs had isolates with resistance to both of the antimicrobials in the combi-
nation ampicillin and amikacin.

4. Discussion

Here we describe the bacterial isolates associated with IE in dogs and the correspond-
ing antimicrobial susceptibility patterns. Slightly more than one-third of the organisms
isolated in this study exhibited an MDR phenotype. Three dogs in this study were treated
with empiric antimicrobials that were determined to be inadequate based on subsequent
culture and antimicrobial susceptibility results. However, there was no difference in the
rate of MDR isolates or resistance to individual antimicrobials between those that did and
did not survive IE. Further, we observed an increased rate of isolates with non-intrinsic
resistance to fluoroquinolones in dogs that had received an antimicrobial in that class in
the 1 month before diagnosis of IE. These findings highlight the utility of culture and
antimicrobial susceptibility testing in directing antimicrobial therapy for dogs with IE.

The most commonly isolated organisms in this study were Staphylococcus spp. and
Streptococcus spp. This is similar to recent veterinary studies where Staphylococcus spp.
was isolated in 15–25% of cases and Streptococcus spp. in 10–29% of cases [3–5,7,15].
Escherichia coli was the third most common isolate (16%) in our study, which has been
noted in other studies [1,15]. These organisms are similar to findings in humans where
Staphylococcus aureus, Streptococcus spp., and Enterococcus spp. are the most commonly
identified bacterial pathogens associated with IE [16–18]. Bartonella, a gram-negative,
aerobic fastidious organism, is also implicated as a cause of IE and often tested as part of
the workup for IE, especially in cases with negative blood cultures [1,3,4]. Our study did
not assess the rate of Bartonella IE, as the culture methodology is different and this organism
is not isolated with routine blood cultures.

No single antimicrobial had a susceptibility rate that was >90%. This finding is
similar to other surveys of bacterial infections in dogs, including urinary tract infections
and pyoderma, in which resistance to commonly administered antimicrobials, including
potentiated β-lactams and fluoroquinolones, are frequently documented [19–22]. Of note,
the presence of antimicrobial resistance was not correlated with the disease outcome,
meaning that the likelihood of a dog dying from complications of IE, such as heart failure,
thromboembolic disease, or euthanasia due to the poor prognosis, is independent of
antimicrobial resistance status.

An MDR phenotype was noted in 36% of the isolates in our study. To the authors’
knowledge, no previous assessment of the MDR rate of bacteria from dogs with IE has
been published for comparison; however, a similar rate of MDR phenotypes has been
observed in bacterial isolates causing bacteremia, urinary tract infections, pneumonia, and
pyoderma [19–25]. The high rate of MDR phenotype may reflect the patient population
that is cared for at our institution, a tertiary referral hospital, which may have an increased
rate of chronic illness or previous antimicrobial exposure. In people with MDR IE, there are
associated increases in mortality, length of hospital stay, and cost of care [26]. No difference
in the rate of individual antimicrobial susceptibility or MDR phenotype status was noted
between dogs that did or did not survive IE. However, with the limited sample size, this
study was likely not powered to robustly detect any potential differences, so this must
be cautiously interpreted. Large scale, multi-institution studies are warranted to further
investigate these findings.

While no consensus guidelines are published indicating the most effective empiric
antimicrobial therapy for dogs with IE, guidelines for people with IE recommend β-lactam
antimicrobials in combination with an aminoglycoside or fluoroquinolone as first line
therapy [16]. The combination of a fluoroquinolone and a β-lactam antimicrobial are the
most commonly prescribed empiric antimicrobials in dogs with IE [7,27]. Of the 33 isolates
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in our study, 76% were susceptible to enrofloxacin and 73% susceptible to ampicillin. One
of the 31 dogs in our study with available antimicrobial susceptibility had isolates that
were resistant to both antimicrobials used in this combination, but no dogs had isolates that
were resistant to both an aminoglycoside and ampicillin. Interestingly, in people with IE
caused by a gram-negative organism, poorer outcomes were recorded for patients treated
with combination antimicrobial therapy that included a fluoroquinolone, but the cause
of this finding is not known [28]. Our study did not have an adequate sample size to
compare outcomes based on treatment. Further studies may be warranted to determine the
ideal empiric antimicrobial treatment options for IE in dogs, but our results support the
continued utilization of β-lactam antimicrobials in combination with an aminoglycoside or
fluoroquinolone as first line therapy.

Antimicrobial administration in the month before IE diagnosis was common. Stud-
ies in people have demonstrated that antimicrobial administration can change resistance
patterns in the microbiota for up to 3 months post treatment [29]. Further, previous ad-
ministration of antimicrobials may be associated with an increased rate of subsequent
antimicrobial resistant infections [30–33]. In our study, there was no significant associa-
tion with previous antimicrobial administration and the rate of MDR phenotype isolates.
However, an increased rate of non-intrinsic resistance to fluroquinolone antimicrobials was
noted in dogs that had been administered a fluoroquinolone in the 1 month before diagnosis
of IE. This finding has been noted in human and veterinary studies where prior exposure
has been associated with the isolation of fluoroquinolone resistant bacteria [34–38]. The
increased rate of isolation of fluoroquinolone-resistant organisms in our study may be
due to selection bias, as dogs that had received a fluoroquinolone in the 1 month before
IE diagnosis may have had false-negative blood cultures if the causative organism was
fluoroquinolone susceptible, therefore biasing outcomes. However, this finding was not
observed for other antimicrobial classes. An alternative explanation is the acquisition of
fluoroquinolone resistance due to selection pressure. Fluoroquinolone resistance occurs
through a variety of mechanisms but mainly due to target-site mutations in topoisomerases
and quinolone resistance-determining regions resulting in mutations within gyrA and parC
genes which reduce binding efficiency of fluoroquinolones [39–41]. Other reported mecha-
nisms implicated in resistance include changes to membrane permeability and expression
of efflux pumps [39]. A thorough history should be obtained for any previous antimicrobial
exposure, as that exposure may be associated with a subsequent increased rate of resistance,
and further highlights the need for culture directed antimicrobial therapy.

There were several limitations to this study. Culture and susceptibility data were not
available for 14 isolates, which may have impacted the rate of antimicrobial resistance
reported here. Importantly, some organisms did not have susceptibility performed as
they were presumed to have broad susceptibility, such as Streptococcus spp., which likely
introduced bias into the analysis. Also, 60% of dogs considered for enrollment into this
study had IE but etiologic and antimicrobial susceptibility data were lacking and the cases
were excluded from analysis. Some dogs may have had negative culture results due to
prior antimicrobial usage resulting in false negatives, possibly skewing our results to more
resistant isolates. Furthermore, it is hard to determine a cause-and-effect relationship in
regard to the bacterial isolates from cases with polymicrobial results. Some of the identified
organisms may be contaminants or not contributing to the pathogenesis of IE and this may
skew the isolate results. Additionally, dogs with IE caused by fastidious organisms, such
as Bartonella spp., were not included in this study as they did not meet the enrollment
criteria of a positive culture. Also, blood culture and antimicrobial susceptibility testing
methodology changed over the timespan of this study, including antimicrobial break points.
To address this, isolate susceptibility results were reinterpreted using current standards
where possible. In some cases, antimicrobial dilutions did not encompass the currently
accepted breakpoints and susceptibility was interpreted from breakpoints available at the
time of initial culture. Further, the sample size was limited in this study, making statistical
comparisons between groups difficult. Larger scale, multi-institution studies may result in
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more robust datasets that allow for comparisons between groups more readily and allow
for prospective assessment of resistance patterns and how they change over time.

5. Conclusions

This study demonstrated an MDR phenotype in over one-third of the isolates obtained
from dogs with IE. Of all the isolates with available culture and sensitivity results, no
single antimicrobial tested had >90% susceptibility rate to all isolates; however, the rate
of individual antimicrobial resistance did not appear to be strongly correlated with the
disease outcome. There may be an effect of previously prescribed antimicrobials on antimi-
crobial susceptibility; therefore, a thorough history of previously prescribed antimicrobials
should be considered when making an empiric antimicrobial plan. The commonly used
empiric antimicrobial therapy of β-lactams and fluoroquinolones or β-lactam and amino-
glycosides would have provided adequate antimicrobial coverage for most isolates in this
study. Microbiological blood culture should be pursued in cases of suspected IE to help
refine antimicrobial therapy. Future studies investigating pathogen-specific antimicrobial
recommendations should be conducted, as is seen in human medicine [16].

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/pathogens12081011/s1, Table S1: Antimicrobial susceptibil-
ity data with corresponding minimum inhibitory concentrations for bacterial species with more than
4 isolates; Table S2: Empiric antimicrobial therapy administered to dog with infective endocarditis.
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