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KEY POINTS

� Methicillin resistance is the most important mechanism of antimicrobial resistance in
staphylococci and conveys resistance to all b-lactam derivatives.

� Methicillin-resistant staphylococci are frequently multidrug resistant by additional genetic
mechanisms, making empiric antimicrobial selection difficult.

� Culture and susceptibility testing are often overlooked, but are increasingly indicated, in
the clinical management of staphylococcal pyoderma.

� Systemic antimicrobial options for resistant staphylococcal pyoderma are often limited;
potential adverse drug effects and drug interactions should be considered in treatment
decisions.

� The medical literature suggests that transmission of methicillin-resistant staphylococci
between humans and animals can occur; strict hygiene practices should be observed
when handling infected patients.
INTRODUCTION

During the past several decades, the prevalence of staphylococcal antimicrobial resis-
tance, particularly methicillin resistance, has risen substantially in both the human and
the veterinary health care arenas. Infections associated with antimicrobial resistant
Staphylococcus spp are increasingly encountered by veterinary practitioners. Staph-
ylococcal resistance, in turn, presents significant challenges for successful empiric
therapy, limits antimicrobial treatment options, and raises concerns of potential zoo-
notic transmission. This article will review commonmechanisms of antimicrobial resis-
tance in Staphylococcus pseudintermedius, Staphylococcus aureus, Staphylococcus
schleiferi, and coagulase-negative staphylococci (CoNS). Implications of staphylo-
coccal antimicrobial resistance for clinical practice, including rational antimicrobial
selection and indications for culture and susceptibility testing, will be highlighted.
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METHICILLIN RESISTANCE

Methicillin resistance is the most important antimicrobial resistance mechanism in
staphylococci. Methicillin resistance is conveyed by the mecA gene, carried on the
mobile genetic element staphylococcal chromosome cassette mec (SCCmec), which
encodes for an altered penicillin binding protein (PBP2a). Production of this altered
penicillin binding protein renders resistance to all b-lactam derivatives, including peni-
cillins, potentiated penicillins, cephalosporins, and carbapenems.1 In veterinary
staphylococcal isolates, the source of the mecA gene is unknown, although there is
evidence in human medicine that the mecA gene likely originated in Staphylococcus
sciuri (a CoNS) with possible horizontal transfer to S aureus.2 Although references
to methicillin resistance are pervasive in the medical literature, oxacillin is commonly
used in veterinary microbiology laboratories as the correlate for testing antimicrobial
resistance. Both drugs are semisynthetic penicillinase-resistant penicillins, but
oxacillin possesses greater in vitro stability.3,4 In keeping with the common vernacular,
“methicillin resistance” will be used throughout this article.

METHICILLIN-RESISTANT STAPHYLOCOCCI OF VETERINARY IMPORTANCE
Methicillin-Resistant S pseudintermedius

S pseudintermedius is the most common cause of pyoderma in dogs and also nor-
mally colonizes the skin and mucosal sites.5 This species was previously known as
S intermedius. Recently, investigators used molecular techniques to more correctly
classify 3 closely related staphylococcal species (Staphylococcus intermedius, S
pseudintermedius, and Staphylococcus delphini) as the S intermedius group. Further-
more, it now seems that all previously classified S. intermedius isolates from dogs,
cats, and humans were actually S pseudintermedius isolates.5–7 For simplification
purposes, isolates from these species will be referred to as S pseudintermedius
throughout this article, even in referencing results of studies published before the
reclassification of the S. intermedius group.
The prevalence of methicillin-resistant S pseudintermedius (MRSP) infections in

veterinary patients has increased substantially during the past decade. Two reports
of antimicrobial susceptibility of veterinary S pseudintermedius isolates in the mid-
1980s failed to identify any methicillin-resistant isolates.8,9 Following sporadic reports
of MRSP isolates in the 1990s,10,11 reports of MRSP infections are now commonplace
in the veterinary literature. MRSP is a potential pathogen of dogs, cats, and horses;
infection has been associated with pyoderma, otitis, urinary tract infections, wounds,
surgical site infections, and septicemia.12–17 In the United States, 2 large retrospective
studies of clinical submissions to veterinary microbiology laboratories documented an
overall MRSP prevalence of 15.6% (Jones and colleagues; 2001–2005) and 17%
(Morris and colleagues13; 2003–2004), respectively.18 Since that time, clinical isolation
of MRSP seems to have increased; in 2008, nearly 30% of S pseudintermedius
isolates from the University of Tennessee veterinary bacteriology laboratory were
methicillin resistant.3 Reported frequency of MRSP isolation from canine pyoderma
varies with geographic location. For example, one recent Japanese study reported
an MRSP prevalence of 66.7% from dogs with pyoderma,19 whereas MRSP has
only been more recently documented in Europe and isolation rates from clinical
samples are low, but they may be increasing.12,14,20

MRSP has also been isolated from carriage sites of healthy dogs and cats. Multiple
recent studies have investigated MRSP carriage in healthy dogs and/or cats in
different geographic areas; sampled sites vary but include the nares, oral mucosa,
skin, and rectal mucosa.21–33 Reported prevalence of MRSP carriage in healthy
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dogs ranges from 0% to 30%, although several studies support a carriage rate in
healthy dogs of 1.5% to 3%.21,22,24–33 One study by Griffeth and colleagues24 also
investigated MRSP carriage in dogs with inflammatory skin disease; an overall preva-
lence of 7% was found, compared with 2% prevalence in healthy dogs. Far fewer
investigators have examined MRSP carriage in cats. Abraham and colleagues23

demonstrated a prevalence of MRSP carriage of 4% in healthy cats, but MRSP was
not isolated from cats with inflammatory skin disease. Couto and colleagues26 failed
to isolate MRSP from the carriage sites of healthy cats. In a study of veterinary derma-
tology staff and their household pets, Morris and colleagues33 found relatively high
rates of MRSP carriage in dogs (6.2%) and cats (3.1%), suggesting that the pets of
veterinary dermatology staff may be at increased risk for colonization byMRSP. Taken
together, the literature suggests that reported prevalence of MRSP in clinical speci-
mens may significantly exceed the prevalence of MRSP colonization in healthy
animals, although there may be variation by geographic region and the sampled
population.
As is the case for methicillin-resistant S aureus (MRSA), several closely related

(clonal) MRSP lineages have been identified.6,12,15,34–36 Furthermore, epidemic clonal
strain types may differ by geographic region, suggesting that multiple methicillin-
susceptible S pseudintermedius (MSSP) strains have acquired the mecA gene and
successfully proliferated among the canine population.6,34,36 For example, by the
molecular technique of multilocus sequence typing, most MRSP isolates from North
America have been classified as the clonal lineage ST68, whereas most European
MRSP isolates are ST71.6,12,15,34,36

Although methicillin-resistant staphylococci are not necessarily more virulent than
methicillin-susceptible staphylococci,37 treatment of MRSP infections may present
a major clinical challenge because of the multidrug resistance of isolates. High rates
of resistance to non–b-lactam antimicrobials, includingmacrolides, lincosamides, tetra-
cyclines, fluoroquinolones, and potentiated sulfonamides, have been reported in the
United States, Europe, and Asia.3,12–15,18–20,26,29,30,34,38–40 Resistance to these addi-
tional antimicrobials is mediated by genetic mechanisms other than the mecA gene.
Antimicrobials to which MRSP isolates often exhibit susceptibility include fusidic acid,
mupirocin, amikacin, rifampin, vancomycin, linezolid, and teicoplanin.12,14,20,29,39,40

Susceptibility to chloramphenicol is variable; many European isolates are resistant to
chloramphenicol,15,39 whereas good susceptibility has been reported in MRSP isolates
in the United States.3,13 In the author’s experience, chloramphenicol resistance seems
tobe increasing in theUnitedStatesand isdependenton the regionofpractice. Inastudy
of 103 MRSP isolates from various countries in Europe, various regions of the United
States, and Canada, Perreten and colleagues34 showed that 57.3% of isolates showed
resistance to chloramphenicol, whereas only 1.9% of isolates showed resistance to
rifampin. Options for antimicrobial treatment of MRSP infections will be further dis-
cussed later in the article.
Risk factors for MRSP acquisition have been investigated in only a few veterinary

studies. In a recent retrospective study by Bryan and colleagues,41 dogs with
pyoderma caused byMRSP were no more likely to have a concurrent endocrinopathy,
neoplasia, or to be receiving immunosuppressive drug therapy than dogs with MSSP
isolated on skin culture. In a 2011 study by Huerta and colleagues,42 dogs with
methicillin-resistant staphylococci isolated on skin culture, mainly belonging to the
S intermedius group, were more likely to be housed in an urban setting and to have
received systemic antimicrobial treatment within the year before culture. Prior antimi-
crobial therapy may play a significant role in the acquisition of MRSP. As shown by
Beck and colleagues,43 subsequent MRSP isolation from the skin and mucosal sites
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of dogs with previous MSSP pyoderma following antimicrobial therapy is common. In
this study, no association was found between prior antimicrobial exposure and MRSP
isolation from infection or carriage sites, but treatment of pyoderma with clindamycin
was associated with MRSP isolation on follow-up culture. Taken together, these
results suggest that systemic antimicrobial therapy may alter the patient’s commensal
staphylococcal flora and thus allow for colonization by methicillin-resistant strains.
This concept is supported by work in horses showing an increase in commensal
staphylococci harboring drug-resistance genes, including mecA, following hospitali-
zation and prophylactic penicillin treatment.44

Given the increase inMRSP infections, aswell as the frequentmultidrug resistance of
isolates, the risk of MRSP transmission to other in-contact pets and humans, and of
environmental contamination, has been a topic of concern. MRSP colonization of
dogs and cats residing in the same household as a dog with a clinical MRSP infection
has been demonstrated. For the most part, risk of MRSP colonization for healthy in-
contact pets seems to correspond with active clinical lesions in dogs with diagnosed
MRSP infections and to decrease after clearance of the infection.45,46 Rare MRSP
infections in humans have been reported; in most cases, dog-to-human transmission
is suspected.47–49 Nasal colonization of humans with MSSP and MRSP has also
been shown, particularly in veterinarians, veterinary personnel, and persons residing
in households with dogs with S pseudintermedius infections.30,33,45,46,50–56 In several
cases, MRSP isolates obtained from pets and from humans have been found to be
identical on pulsed-field gel electrophoresis (PFGE), further supporting pet-to-human
transmission.33,45,54,56 In one study, lack of handwashing after the handling of pets
was found to be a risk factor for nasal MRSP isolation.50 Human colonization with
MRSP is likely transient and seems to clear after clinical resolution of the pet’s infec-
tion.46,54,55 Environmental contamination of households and veterinary hospital with
MRSP has also been demonstrated.45,46,52 Environmental isolation of MRSP also
seems to be associated with active lesions in patients with MRSP infections, although
the organism has been isolated from environmental samples even in the absence of
MRSP isolation from household humans or pets.46

MRSA

In humans, S aureus is a major cause of skin and soft tissue infections and colonizes
approximately 30% of the human population worldwide.57 Although S aureus coloni-
zation of healthy dogs has been reported,58 the prevalence seems to be much lower
than that of S pseudintermedius colonization.59 In cats, there is conflicting evidence as
to whether S pseudintermedius or S aureus is the primary colonizing coagulase-
positive staphylococcal species.60–63

There has been a dramatic increase in the number of infections caused by MRSA in
human medicine since the 1960s.64 Although human MRSA infections were once
regarded as primarily hospital-associated and nosocomial in origin, community-
associated MRSA infections of healthy individuals have rapidly emerged during the
past decade.64,65 Both hospital-associated and community-associated MRSA infec-
tions are now recognized as major causes of human morbidity, mortality, and health
care expenditures.64,66 With the increasing importance of MRSA in the human health
care arena, there has been a great deal of interest in MRSA infections in animals. Prev-
alence of methicillin resistance in clinical veterinary S aureus isolates has been re-
ported to approximate 25% to 35%.13,18 MRSA infections have been reported in
a variety of companion and exotic animal species, including dogs, cats, horses,
parrots, rabbits, guinea pigs, turtles, bats, elephants, and marine mammals.13,16,67–94

Most infections involve wounds, both postsurgical and traumatic, but MRSA has also
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been isolated from cases of pyoderma, otitis, respiratory disease, cystitis, prostatitis,
joint infections, and septicemia.13,16,67,69–94 MRSA infections in companion and exotic
animals are most often associated with predominant hospital-acquired or community-
acquired clonal strains in the surrounding human population; this supports, but does
not prove, human-to-animal transmission.68–71,73–77,82–88,90–94

Risk factors for MRSA infection in dogs and cats may include recent administration
of antimicrobials, particularly b-lactams or fluoroquinolones; multiple antimicrobial
courses; multiple-day hospitalization; surgical implants; intravenous catheterization;
or contact with an ill or hospitalized human.78,95 As with MRSP infections, empiric
therapy can be challenging because of potential drug resistance; MRSA isolates are
often resistant to non–b-lactam antibiotics, particularly fluoroquinolones, macrolides,
and lincosamides.13

Healthy dogs and cats may be colonized by MRSA, although this colonization may
be transient, particularly in dogs, and the organism may not be isolated on repeated
sampling.81,96,97 Reported prevalence of MRSA colonization in healthy dogs or on
admission to veterinary hospitals ranges from 0% to approximately 3%, whereas re-
ported prevalence in cats ranges from 0% to 4%.21–26,33,50,77,98 In one study, animals
presenting for veterinary care were significant more likely to carry MRSA than were
healthy animals.98 Several studies have suggested the possibility of MRSA transmis-
sion from colonized or infected humans to animals, or vice versa, often via demonstra-
tion of genotypically identical strains.33,52,69,72,73,86,90,96,97,99–112 The true direction of
transmission often cannot be proved, however. Although human-to-animal transmis-
sion is usually assumed, the epidemiologic relationships may be complex; even in
households with infected or colonized humans, that person may not be identified as
the MRSA source for the pet.96,113 The risk of direct pet-to-pet transmission seems
to be low, especially among healthy colonized dogs.81

MRSA is an emerging pathogen in horses and farm animals, particularly pigs. In
North America, horses may be colonized by or infected with a clonal MRSA strain
known as USA500 (or Canadian epidemic MRSA-5).114–120 Although this strain was
initially associated with nosocomial infections in humans, it has now become well
adapted to horses, but it may colonize or cause infection in humans with close horse
contact.115–118 Pigs may harbor a clonal MRSA strain known as ST398; this strain
seems to have arisen in swine and may colonize large numbers of pigs in some herds,
particularly in Europe.121,122 MRSA ST398 has been isolated from infections in dogs
and humans,121,123 from commercial pork products in the United States and
Canada,124,125 and from carriage sites of humans with pig contact.126,127

Colonization by MRSA may be an occupational risk for veterinarians and veterinary
staff. In 2001 through 2004, the prevalence of human nasal MRSA colonization in the
United States was 1.5%.128 By contrast, nasal colonization prevalence rates in veter-
inarians and veterinary staff of 3.5% to 21.4% have been reported in screening studies
in North America, Europe, and Australia.33,129–132 Although some studies have re-
ported a much higher prevalence of nasal colonization in large animal (including
equine) practitioners,129,133 others have reported equal isolation from the nares of
small and large animal practitioners.130 MRSA may also be isolated from environ-
mental sites in veterinary hospitals, although the role of the environment in MRSA
transmission is not entirely clear.134–137

Methicillin Resistant S schleiferi

S schleiferi is a unique staphylococcal species in that 2 variants have been described
based on coagulase production: S schleiferi subsp schleiferi (coagulase negative) and
S schleiferi subsp coagulans (coagulase positive). Recent work suggests that the 2
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subspecies are not genotypically distinct and do not differ in clinical behavior.138,139

Coagulase-positive and coagulase-negative S schleiferi have been reported to cause
infections in dogs and are mainly associated with pyoderma and otitis in dogs with
allergic dermatitis.138–144 When isolated from dogs with pyoderma, there may be an
associationwith recurrentpyodermaandprior or concurrentantimicrobial therapy.139,142

Methicillin resistance seems to be particularly prevalent in clinical isolates ofS schlei-
feriwith rates of methicillin resistance exceeding 50% in several reports.1,138,139,142,145

Despite frequent methicillin resistance, S schleiferi isolates may maintain favorable
susceptibility to non–b-lactam antimicrobials, especially to potentiated sulfon-
amides.13,138,139 Fluoroquinolone resistance is common in methicillin-resistant S
schleiferi (MRSS) isolates.13,19,138,139,146,147 Risk factors for clinical isolation of MRSS
identified in one retrospective study of 225 infections in dogs included recent (30
days to 6 months before culture) treatment with penicillins, potentiated penicillins, or
first- and second-generation cephalosporins or treatment with third-generation ceph-
alosporins within 30 days of culture.139 These results suggest that alteration of the
patients’ methicillin-susceptible flora may have predisposed to colonization by
MRSS, as has been found with S pseudintermedius after antimicrobial therapy.43

S schleiferi colonization of companion animals has been infrequently investigated in
the veterinary literature. Coagulase-positive S schleiferi has been isolated from
carriage sites of cats and dogs21,23,24,33 and may be found together with S pseudinter-
medius.148 Prevalence of colonization with coagulase-positive MRSS has been re-
ported to be 0.5% in a convenience sampled population of dogs entering
a veterinary teaching hospital21; 2% in healthy dogs and dogs with inflammatory
skin disease24; and 0.4% in dogs belonging to veterinary dermatologists or staff.33

Coagulase-positive MRSS was not isolated from healthy cats or cats with inflamma-
tory skin disease in the study by Abraham and colleagues.23 Coagulase-negative S
schleiferi has been less frequently documented as a normal inhabitant of dogs and
cats. This variant has been isolated from the ears of healthy dogs.143 Coagulase-
negative MRSS has been isolated from carriage sites of cats23 and dogs24 with inflam-
matory skin disease, with a 2% prevalence in both species, and from 1 of 258 dogs
(0.4%) belonging to veterinary dermatology practice staff.33 MRSS may also be iso-
lated from carriage sites of dogs with pyoderma caused by MRSS, as well as dogs
with other staphylococci isolated from skin lesions.43

In humans, coagulase-negative S schleiferi is well documented as a normal compo-
nent of preaxillary flora, although it has been associated with nosocomial infections,
including surgical and pacemaker implantation site infections.149–151 By contrast,
coagulase-positive S schleiferi is an infrequent cause of human infections; only 2
infections have been documented in the medical literature to date.152,153 In the second
reported infection, a case of endocarditis in a human liver transplant recipient, a family
dog with recurrent otitis was suspected as the source, but molecular characterization
was not done to show identical strains from the person and the dog.153 In the 2010
study by Morris and colleagues33 of methicillin-resistant staphylococcal colonization
in veterinary dermatology staff and pets, a higher prevalence of MRSS colonization,
with a predominance of coagulase-positive isolates, was demonstrated in humans
compared with dogs and cats. This finding suggests that MRSS colonization, partic-
ularly by the coagulase-positive variant, may be an occupational risk for veterinarians
and veterinary staff.

Methicillin-Resistant CoNS

Both coagulase-negative and coagulase-positive S schleiferi are important pathogens
in veterinary medicine. The clinical importance of other CoNS, which have historically
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been considered to be commensal organisms or contaminants with limited pathogenic
potential, is less well established. In human medicine, CoNS represent an emerging
cause of opportunistic infections, particularly nosocomial infections. Isolates may
produce a variety of different virulence factors and exhibit high levels of methicillin
resistance.154–156 In veterinary medicine, CoNS may be isolated from the skin and
mucosal sites of healthy animals,157–162 as well as from cultures of infection
sites75,163–165 and from environmental sites in veterinary hospitals.158,166 Methicillin
resistance in veterinary isolates of CoNS has been reported,75,157,158,160,161,167,168

highlighting their potential importance as both reservoirs of drug resistance and oppor-
tunistic pathogens.

OTHER MECHANISMS OF STAPHYLOCOCCAL ANTIMICROBIAL RESISTANCE

As discussed previously, methicillin-resistant staphylococci frequently exhibit core-
sistance to non–b-lactam antimicrobials by mechanisms unrelated to acquisition of
the mecA gene. Clindamycin resistance, resistance to tetracyclines, and fluoroquino-
lone resistance will be specifically discussed.

Clindamycin Resistance

Resistance to the related macrolides and lincosamides, including clindamycin, may be
conveyed by the staphylococcalmsrA gene, which encodes for antimicrobial efflux, or
the erm genes, which encode for changes to the ribosomal antimicrobial target site.
Clindamycin resistance encoded by the erm genes may be either constitutive, in which
resistance is shown to all drugs in these related classes (ie, both erythromycin and
clindamycin), or inducible, in which the presence of an inducing agent (eg, erythro-
mycin) promotes expression of a resistant phenotype. Use of clindamycin in infections
caused by isolates exhibiting inducible resistance may result in treatment
failure.169,170 Inducible clindamycin resistance has been well documented in MRSA
isolates from humans and animals and has been reported in some MRSP isolates
as well.34,169–171 Microbiology laboratories can test for inducible clindamycin resis-
tance using a double disc diffusion test (D-test) with adjacent erythromycin and clin-
damycin discs (Fig. 1).169 In the absence of this test, clinicians may predict inducible
resistance based on susceptibility reports indicating erythromycin resistance and clin-
damycin susceptibility. In these cases, clindamycin use should be avoided.169,171
Fig. 1. The double disc diffusion test (D-test) for detection of inducible clindamycin resis-
tance illustrating the D-shaped zone around the clindamycin disc (“CC”) when in close prox-
imity to the erythromycin disc (“E”). (Courtesy of Dr David A. Bemis and the University of
Tennessee Veterinary Bacteriology Laboratory.)
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Tetracycline Resistance

Staphylococcal resistance to tetracyclines may be mediated by plasmid-situated
genes (tetK or tetL) encoding for antimicrobial efflux, or by the chromosomal or
transposon-situated tetM or tetO genes, which encode for alteration of the ribosomal
antimicrobial target site.172 The tetK and tetM genes seem to be the most important
mediators of resistance in MRSP isolates.34 Isolates possessing the tetM gene are
considered to be resistant to all tetracyclines, including doxycycline and minocy-
cline.172 Tetracycline-resistant isolates belonging to the ST68 lineage, the predomi-
nant MRSP clone in North America, have been found to carry the tetM gene.34

Staphylococcal isolates possessing the tetK gene, by contrast, are considered to
be resistant to tetracycline and susceptible to minocycline. Doxycycline resistance
in both tetM- and tetK-positive MRSA isolates may be induced by incubation with
subinhibitory concentrations of tetracyclines,172 suggesting that doxycycline may be
a poor choice for any staphylococcal isolate exhibiting resistance to tetracycline by
susceptibility testing. Tetracycline-resistant isolates belonging to the ST71 lineage,
the predominant European MRSP clone, have been found to carry the tetK gene, indi-
cating the minocycline may be an appropriate therapeutic option for MRSP infections
in Europe if supported by susceptibility test results.34

Fluoroquinolone Resistance

Fluoroquinolones exhibit rapid bactericidal activity via inhibition of bacterial topoisom-
erase (TP) II, also known as DNA gyrase, and TP-IV, thus preventing bacterial DNA
synthesis.89,173,174 Staphylococcal resistance to fluoroquinolones may be mediated
by chromosomalmutations in the genes encodingDNAgyrase andTP-IV. Both of these
enzymes contain 2 subunits: DNAgyrase ismade up of GyrA andGyrB (encoded by the
gyrA and gyrB genes, respectively) and TP-IV is made up of GrlA andGrlB (encoded by
the grlA and grlB genes, respectively). In S aureus,mutations encoding for amino acid
substitutions inGyrA andGrlA, and subsequent fluoroquinolone resistance, occurmost
often in the well-conserved quinolone resistance determining regions of the gyrA and
grlA genes.89,147 Mutations in genes encoding for DNA gyrase and topoisomerase IV
have been demonstrated in veterinary isolates of fluoroquinolone-resistant MRSA,
MRSP, andMRSS.29,38,89,147 Other potential mechanisms of staphylococcal fluoroqui-
nolone resistance include drug efflux pumps and reduced intracellular accumulation
caused by altered membrane diffusion channels.147,175 One study demonstrated that
fluoroquinolone resistance may be induced in vitro by subinhibitory drug concentra-
tions, although the molecular mechanism was not investigated.175

IMPLICATIONS OF STAPHYLOCOCCAL ANTIMICROBIAL RESISTANCE

The increase in methicillin resistance in veterinary staphylococcal isolates presents
significant challenges in clinical management of infections, particularly staphylococcal
pyoderma, by limiting therapeutic options. Many methicillin-resistant isolates are also
multidrug resistant, making successful empiric therapy difficult. The remainder of the
article will discuss the changing face of clinical practice in the age of antimicrobial
resistance, including indications for culture and susceptibility testing, rational empiric
therapy for staphylococcal pyoderma, and potential treatment options for resistant
staphylococcal infections.

Indications for Culture and Susceptibility Testing

The importance of bacterial culture and susceptibility testing is often overlooked in the
management of staphylococcal pyoderma. Given the increasing prevalence of



Resistance in Staphylococci in Small Animals 27
methicillin resistance, as well as the unpredictable antimicrobial susceptibility of
MRSP, MRSA, and MRSS isolates, culture and susceptibility testing are likely indi-
cated much more than are routinely performed by practitioners. Indications for culture
and susceptibility testing include:

� Infections that have failed to respond to appropriate empiric therapy176

� Clinical lesions (nodules, hemorrhagic bullae, draining tracts, furuncles) consis-
tent with deep pyoderma

� Cytologic evidence of mixed infection (such as intracellular rods and cocci)176

� Recurrent or relapsing pyoderma42,95

� Recent antimicrobial administration, which may predispose to colonization, and
subsequent infection, by methicillin-resistant strains42,43,78,139

� Prior methicillin-resistant staphylococcal infection, because colonization, partic-
ularly with MRSP, may persist for extended periods of time177
Rational Empiric Therapy

Despite the increasing importance of culture and susceptibility testing in management
of staphylococcal pyoderma, empiric therapy may be appropriate in selected cases,
particularly first-time or treatment-naı̈ve infections. b-Lactam derivatives, especially
cephalosporins, are frequently considered to be first-line choices in the treatment of
pyoderma because of their good tissue penetration, low risk of adverse effects, and
bactericidal activity against methicillin-susceptible staphylococci.178 Concerns about
selection for colonization by methicillin-resistant strains may support the empiric
choice of other antimicrobials, such as macrolides, lincosamides, or potentiated
sulfonamides, instead of cephalosporins or potentiated penicillins, for treatment-naı̈ve
infections.139 In the study by Beck and colleagues,43 however, administration of clin-
damycin was associated with subsequent MRSP isolation from dogs with pyoderma.
With recognition of the role of systemic antimicrobial therapy in the acquisition of
methicillin-resistant strains, there may be a paradigm shift to increased reliance on
topical antimicrobial therapy in the treatment of canine pyoderma, especially first-
time, mild, or localized infections.43

Systemic fluoroquinolone therapy may be indicated in selected instances, such as
treatment of mixed infections according to culture and susceptibility results,176 but
their empiric use for canine pyoderma is not recommended. As discussed previously,
many methicillin-resistant staphylococcal isolates exhibit coresistance to fluoroquino-
lones, often leading to therapeutic failure with empiric administration. Fluoroquinolone
exposure is also a potential risk factor for MRSA isolation in humans179 and in dogs,78

possibly by increasing susceptibility to colonization by highly fluoroquinolones-
resistant strains,179 as well as by promoting adhesion of MRSA to host cells.180
Treatment of Methicillin-Resistant Staphylococcal Infections

Potential antimicrobial options for methicillin-resistant staphylococcal pyoderma, as
based on susceptibility test results, are listed in Table 1. Treatment duration, as for
methicillin-susceptible staphylococcal pyoderma, should be a minimum of 3 to 4
weeks, with 1 week past clinical resolution, for superficial infections; and a minimum
of 6 to 8 weeks, with 2 weeks past clinical resolution, for deep infections.176 Clinical
resolution of MRSP-associated pyoderma may take longer than clinical resolution of
MSSP-associated pyoderma.41 This may be a result of infection chronicity and
secondary pathologic changes to the skin, instead of an indication that methicillin
resistant strains are more virulent than methicillin-susceptible strains.41,80



Table 1
Potential systemic antimicrobial options for methicillin resistant staphylococcal infections in
dogs (as based on culture and susceptibility data)

Drug (Brand Name) Dose, mg/kg Dosing Interval Typical Route

Erythromycin 10–15 q8 h PO

Lincomycin (Lincocin) 22 q12 h PO

Clindamycin (Antirobe) 10
11

q12 h
q24 h

PO

Trimethoprim-sulfa (Tribrissen,
Bactrim, Septra)

15–30 q12 h PO

Ormetoprim-sulfadimethoxine
(Primor)

55 (d 1)
27.5 (subsequent d)

q24 h PO

Doxycycline (Vibramycin) 5–12 q12 h PO

Minocycline (Minocin) 5–12 q12 h PO

Enrofloxacin (Baytril) 5–20 q24 h PO

Marbofloxacin (Zeniquin) 2.75–5.5 q24 h PO

Chloramphenicol (Viceton) 50 q8 h PO

Rifampin (Rifadin, Rimactane) 5–10 q12–24 h PO

Amikacin (Amiglyde-V) 15–20 q24 h IV, SC
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Antimicrobial options for treatment of pyoderma associated with multidrug-resistant
staphylococci are often severely limited. Chloramphenicol, rifampin, and aminoglyco-
sides, particularly amikacin, may be the only remaining effective systemic antimicrobial
agents indicated by susceptibility tests.3,12–14 Despite good in vitro susceptibility,12 use
of antimicrobial agents that are more common for serious MRSA infections in humans,
such as linezolid and vancomycin,181 should be avoided in veterinary patients because
of ethical concerns.34,39 These drugs are also often prohibitively expensive in veterinary
patients.182

When prescribing chloramphenicol, rifampin, or amikacin, practitioners should be
aware of potential adverse effects in treated patients. Chloramphenicol has the potential
for dose-dependent bonemarrow suppression, with catsmore susceptible to this effect
than dogs.183 In humans, chloramphenicol may rarely cause idiosyncratic and irrevers-
ible pancytopenia182,183; clients should be warned to take precautions when handling
this medication. The most common side effects of chloramphenicol administration in
dogs seem to be gastrointestinal upset, inappetence, and weight loss; these adverse
effects may be severe enough to warrant drug discontinuation.41 Chloramphenicol
may also interact with other drugs via inhibition of hepatic cytochrome P450 microen-
zymes.182,183 This effect must be kept in mind when prescribing chloramphenicol in
combination with other cytochrome P450 substrates, particularly anticonvulsants.183

Rifampin is most often administered in combination with other antimicrobials for
treatment of mycobacterial and rhodococcal infections,182,183 although it also exhibits
antistaphylococcal activity.184,185 Resistance to rifampin is rare, even among
methicillin-resistant strains.34 Resistance may arise quickly, however, when rifampin
is used as a monotherapy by mutations within the rifampin resistance-determining
region of the staphylococcal rpoB gene.186 Adverse effects of rifampin include hepatic
enzyme induction and increase in hepatic enzyme activity, particularly alkaline phos-
phatase.187 In some dogs, serious, and potentially fatal, hepatotoxicity may occur,
with corresponding increases in hepatic enzyme activity indicting hepatocellular
damage and hyperbilirubinemia.183,187 Other potential effects include gastrointestinal
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upset, hemolytic anemia, thrombocytopenia, and orange discoloration of bodily
fluids.182,183,187 To decrease the risk of adverse effects, it is recommended not to
exceed a total daily dose of 10 mg/kg in dogs.187 Rifampin is also a potent inducer
of hepatic cytochrome P450 microenzymes and may, thus, reduce serum levels and
activity of other cytochrome P450 substrates.182,183

Like other aminoglycosides, amikacin must be administered parenterally.183 When
used for treatment of pyoderma, it may be administered subcutaneously by the client
at home. The primary adverse effect of concern is nephrotoxicity, specifically renal
proximal tubular necrosis.182,183 Amikacin may be less nephrotoxic than other amino-
glycosides, particularly gentamicin.183 Urinalyses should be frequently monitored for
signs of nephrotoxicity; decreased specific gravity, casts, proteinuria, or glucosuria
should precede azotemia.183 When using amikacin, the author advises twice-weekly
urinalyses. At the first sign of nephrotoxicity, amikacin administration should be dis-
continued; renal toxicity is generally reversible with early drug withdrawal.188 Amino-
glycosides also have the potential to cause ototoxicity via induction of inner ear hair
cell apoptosis and may result in permanent deafness.189

With the increase in staphylococcal multidrug resistance, limited options for
systemic therapy, and potential for adverse drug effects, interest in the role of topical
antimicrobial therapy for resistant staphylococcal infections has increased. Topical
therapy alone has been found to be effective for treatment of pyoderma associated
with methicillin-resistant staphylococci.14,41,190 Readers are referred to the article by
Jeffers elsewhere in this issue for further exploration of topical therapy for drug-
resistant pyoderma.

Infection Prevention and Decolonization

Standardized guidelines for preventing the spread of methicillin-resistant staphylo-
cocci have not been established in veterinary medicine. Strict hygiene practices
seem to be of the utmost importance in limiting transmission of methicillin-resistant
staphylococci from pets to pets, from pets to humans (or from infected humans to
pets), and from pets to the environment. Recommended hygiene practices include
regular handwashing, particularly after handling infected patients and between
patients; covering open or draining wounds; preventing pets from licking human care-
takers; restricting infected pets from sleeping in the bed with human caretakers
(or vice versa); frequent environmental disinfection, washing of pet bedding, and
cleaning of pet dishes; and barrier precautions within veterinary hospitals when
working with infected patients (disposable gloves, etc).37,39,50,96,112,191,192

Several case reports in the medical literature have discussed decolonization of pets
by use of topical or systemic antimicrobials as a strategy for management of MRSA
transmission in households.101,104,107,109 Fusidic acid application has also been re-
ported to reduce S pseudintermedius colonization of mucosal sites in dogs.193 Neither
the efficacy nor the optimal types of decolonization strategies for methicillin resistant
staphylococci have been well established in veterinary patients. Moreover, staphylo-
coccal colonization seems to be widespread over the skin and mucosal sites,24

making targeted decolonization difficult to impossible.
SUMMARY

In conclusion, methicillin- and multi-drug resistant staphylococci are increasingly iso-
lated from veterinary patients, particularly from dogs with pyoderma and otitis. Prac-
titioners should be aware of the most common mechanisms of staphylococcal
antimicrobial resistance and the implications for successful clinical management of
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resistant infections. Judicious antimicrobial usage, including basing treatment deci-
sions on culture and susceptibility data when appropriate, should be encouraged.
REFERENCES

1. Kania SA, Williamson NL, Frank LA, et al. Methicillin resistance of staphylococci
isolated from the skin of dogs with pyoderma. Am J Vet Res 2004;65:1265–8.

2. Wu S, Piscitelli C, de Lencastre H, et al. Tracking the evolutionary origin of the
methicillin resistance gene: cloning and sequencing of a homologue of mecA
from a methicillin susceptible strain of Staphylococcus sciuri. Microb Drug
Resist 1996;2:435–41.

3. Bemis DA, Jones RD, Frank LA, et al. Evaluation of susceptibility test break-
points used to predict mecA-mediated resistance in Staphylococcus pseudin-
termedius isolated from dogs. J Vet Diagn Invest 2009;21:53–8.

4. Cole LK, Kwochka KW, Hillier A, et al. Identification of oxacillin-resistant staph-
ylococci in dogs with end-stage otitis. Vet Rec 2006;159:418–9.

5. Sasaki T, Kikucki K, Tanaka Y, et al. Reclassification of phenotypically identified
Staphylococcus intermedius strains. J Clin Microbiol 2007;45:2770–8.

6. Bannoehr J, Ben Zakour NL, Waller AS, et al. Population genetic structure
of the Staphylococcus intermedius group: insights into agr diversification
and the emergence of methicillin-resistant strains. J Bacteriol 2007;189:
8685–92.

7. Fitzgerald JR. The Staphylococcus intermedius group of bacterial pathogens:
species re-classification, pathogenesis and the emergence of methicillin resis-
tance. Vet Dermatol 2009;20:490–5.

8. Phillips WE, Williams BJ. Antimicrobial susceptibility patterns of canine Staphy-
lococcus intermedius isolates from veterinary clinical specimens. Am J Vet Res
1984;45:2376–9.

9. Medleau L, Long RE, Brown J. Frequency and antimicrobial susceptibility of
Staphylococcus species isolated from canine pyodermas. Am J Vet Res
1986;47:229–31.

10. Piriz S, Valle J, Mateos EM, et al. In vitro activity of fifteen antimicrobial agents
against methicillin-resistant and methicillin-susceptible Staphylococcus inter-
medius. J Vet Pharmacol Ther 1996;19:118–23.

11. Gortel K, Campbell KL, Kakoma I, et al. Methicillin resistance among staphylo-
cocci isolated from dogs. Am J Vet Res 1999;60:1526–30.

12. Ruscher C, Lubke-Becker A, Semmler T, et al. Widespread rapid emergence of
a distinct methicillin- and multidrug-resistant Staphylococcus pseudintermedius
(MRSP) genetic lineage in Europe. Vet Microbiol 2010;144:340–6.

13. Morris DO, Rook KA, Shofer FS. Screening of Staphylococcus aureus, Staphy-
lococcus intermedius, and Staphylococcus schleiferi isolates obtained from
small companion animals for antimicrobial resistance: a retrospective review
of 749 isolates (2003-04). Vet Dermatol 2006;17:332–7.

14. Loeffler A, Linek M, Moodley A, et al. First report of multiresistant, mecA-positive
Staphylococcus intermedius in Europe: 12 cases from a veterinary dermatology
referral clinic in Germany. Vet Dermatol 2007;18:412–21.

15. Kadlec K, Schwarz S, Perreten V, et al. Molecular analysis of methicillin-resistant
Staphylococcus pseudintermedius of feline origin from different European coun-
tries and North America. J Antimicrob Chemother 2010;65:1826–37.

16. Penna B, Varges R, Martins R, et al. In vitro antimicrobial resistance of staphy-
lococci isolated from canine urinary tract infection. Can Vet J 2010;51:738–42.



Resistance in Staphylococci in Small Animals 31
17. Weese JS. A review of multidrug resistant surgical site infections. Vet Comp
Orthop Traumatol 2008;21:1–7.

18. Jones RD, Kania SA, Rohrbach BW, et al. Prevalence of oxacillin- and multidrug-
resistant staphylococci in clinical samples from dogs: 1,772 samples (2001-
2005). J Am Vet Med Assoc 2007;230:221–7.

19. Kawakami T, Shibata S, Murayama N, et al. Antimicrobial susceptibility and
methicillin resistance in Staphylococcus pseudintermedius and Staphylococcus
schleiferi subsp. coagulans isolated from dogs with pyoderma in Japan. J Vet
Med Sci 2010;72:1615–9.

20. Ruscher C, Lubke-Becker A, Wleklinski CG, et al. Prevalence of methicillin-
resistant Staphylococcus pseudintermedius isolated from clinical samples of
companion animals and equidaes. Vet Microbiol 2009;136:197–201.

21. Hanselman BA, Kruth S, Weese JS. Methicillin-resistant staphylococcal coloni-
zation in dogs entering a veterinary teaching hospital. Vet Microbiol 2008;126:
277–81.

22. Gingrich EN, Kurt T, Hyatt DR, et al. Prevalence of methicillin-resistant staphylo-
cocci in northern Colorado shelter animals. J Vet Diagn Invest 2011;23:947–50.

23. Abraham JL, Morris DO, Griffeth GC, et al. Surveillance of healthy cats and cats
with inflammatory skin disease for colonization of the skin by methicillin-resistant
coagulase-positive staphylococci and Staphylococcus schleiferi ssp. schleiferi.
Vet Dermatol 2007;18:252–9.

24. Griffeth GC, Morris DO, Abraham JL, et al. Screening for skin carriage of
methicillin-resistant coagulase-positive staphylococci and Staphylococcus
schleiferi in dogs with healthy and inflamed skin. Vet Dermatol 2008;19:142–9.

25. Vanderhaeghen W, Van De Velde E, Crombe F, et al. Screening for methicillin-
resistant staphylococci in dogs admitted to a veterinary teaching hospital.
Res Vet Sci 2011;93(1):133–6.

26. Couto N, Pomba C, Moodley A, et al. Prevalence of methicillin-resistant staph-
ylococci among dogs and cats at a veterinary teaching hospital in Portugal.
Vet Rec 2011;169:72.

27. Vengust M, Anderson ME, Rousseau J, et al. Methicillin-resistant staphylococcal
colonization in clinically normal dogs and horses in the community. Lett Appl
Microbiol 2006;43:602–6.

28. Epstein CR, Yam WC, Peiris JS, et al. Methicillin-resistant commensal staphylo-
cocci in healthy dogs as a potential zoonotic reservoir for community-acquired
antibiotic resistance. Infect Genet Evol 2009;9:283–5.

29. Onuma K, Tanabe T, Sato H. Antimicrobial resistance of Staphylococcus pseu-
dintermedius isolates from healthy dogs and dogs affected with pyoderma in
Japan. Vet Dermatol 2011;23:17–22.e5.

30. Sasaki T, Kikuchi K, Tanaka Y, et al. Methicillin-resistant Staphylococcus pseu-
dintermedius in a veterinary teaching hospital. J Clin Microbiol 2007;45:
1118–25.

31. Rubin JE, Chirino-Trejo M. Prevalence, sites of colonization, and antimicrobial
resistance among Staphylococcus pseudintermedius isolates from healthy
dogs in Saskatoon, Canada. J Vet Diagn Invest 2011;23:351–4.

32. Gomez-Sanz E, Torres C, Lozano C, et al. Detection and characterization of
methicillin-resistant Staphylococcus pseudintermedius in healthy dogs in La
Rioja, Spain. Comp Immunol Microbiol Infect Dis 2011;34:447–53.

33. Morris DO, Boston RC, O’Shea K, et al. The prevalence of carriage of methicillin-
resistant staphylococci by veterinary dermatology practice staff and their
respective pets. Vet Dermatol 2010;21:400–7.



Cain32
34. Perreten V, Kadlec K, Schwarz S, et al. Clonal spread of methicillin-resistant
Staphylococcus pseudintermedius in Europe and North America: an interna-
tional multicentre study. J Antimicrob Chemother 2010;65:1145–54.

35. Osland AM, Vestby LK, Fanuelson H, et al. Clonal diversity and biofilm-forming
ability of methicillin-resistant Staphylococcus pseudintermedius. J Antimicrob
Chemother 2012;67:841–8.

36. Black CC, Solyman SM, Eberlein LC, et al. Identification of a predominant multi-
locus sequence type, pulsed-field gel electrophoresis cluster, and novel staph-
ylococcal chromosomal cassette in clinical isolates of mecA-containing,
methicillin-resistant Staphylococcus pseudintermedius. Vet Microbiol 2009;
139:333–8.

37. Cohn LA, Middleton JR. A veterinary perspective on methicillin-resistant staph-
ylococci. J Vet Emerg Crit Care (San Antonio) 2010;20:31–45.

38. Descloux S, Rossano A, Perreten V. Characterization of new staphylococcal
cassette chromosome mec (SCCmec) and topoisomerase genes in fluoroquino-
lone- and methicillin-resistant Staphylococcus pseudintermedius. J Clin Micro-
biol 2008;46:1818–23.

39. Bond R, Loeffler A. What’s happened to Staphylococcus intermedius? Taxo-
nomic revision and emergence of multi-drug resistance. J Small Anim Pract
2012;53(3):147–54.

40. Wang Y, Yang J, Logue CM, et al. Methicillin-resistant Staphylococcus pseudin-
termedius isolated from canine pyoderma in North China. J Appl Microbiol 2012;
112:623–30.

41. Bryan J, Frank LA, Rohrbach BW, et al. Treatment outcome of dogs with
methicillin-resistant and methicillin-susceptible Staphylococcus pseudinterme-
dius pyoderma. Vet Dermatol 2012;23(4):361–8.e65.

42. Huerta B, Maldonado A, Ginel PJ, et al. Risk factors associated with the antimi-
crobial resistance of staphylococci in canine pyoderma. Vet Microbiol 2011;150:
302–8.

43. Beck KM, Waisglass SE, Dick HL, et al. Prevalence of methicillin-resistant Staph-
ylococcus pseudintermedius (MRSP) from skin and carriage sites of dogs after
treatment of their methicillin-resistant or methicillin-sensitive staphylococcal
pyoderma. Vet Dermatol 2012;23(4):369–75.e67.

44. Schnellmann C, Gerber V, Rossano A, et al. Presence of new mecA and mph(C)
variants conferring antibiotic resistance in Staphylococcus spp. isolated from
the skin of horses before and after clinic admission. J Clin Microbiol 2006;44:
4444–54.

45. van Duijkeren E, Kamphuis M, van der Mije IC, et al. Transmission of methicillin-
resistant Staphylococcus pseudintermedius between infected dogs and cats
and contact pets, humans and the environment in households and veterinary
clinics. Vet Microbiol 2011;150:338–43.

46. Laarhoven LM, de Heus P, van Luijn J, et al. Longitudinal study on methicillin-
resistant Staphylococcus pseudintermedius in households. PLoS One 2011;6:
e27788.

47. Lee J. Staphylococcus intermedius isolated from dog-bite wounds. J Infect
1994;29:105.

48. Tanner MA, Everett L, Youvan DC. Molecular phylogenetic evidence for noninva-
sive zoonotic transmission of Staphylococcus intermedius from a canine pet to
a human. J Clin Microbiol 2000;38:1628–31.

49. Kempker R, Mangalat D, Kongphet-Tran T, et al. Beware of the pet dog: a case
of Staphylococcus intermedius infection. Am J Med Sci 2009;338:425–7.



Resistance in Staphylococci in Small Animals 33
50. Hanselman BA, Kruth SA, Rousseau J, et al. Coagulase positive staphylococcal
colonization of humans and their household pets. Can Vet J 2009;50:954–8.

51. Boost MV, So SY, Perreten V. Low rate of methicillin-resistant coagulase positive
staphylococcal colonization of veterinary personnel in Hong Kong. Zoonoses
Public Health 2011;58:36–40.

52. Ishihara K, Shimokubo N, Sakagami A, et al. Occurrence of molecular charac-
teristics of methicillin-resistant Staphylococcus aureus and methicillin-resistant
Staphylococcus pseudintermedius in an academic veterinary hospital. Appl
Environ Microbiol 2010;76:5165–74.

53. Paul NC, Moodley A, Ghibaudo G, et al. Carriage of methicillin-resistant Staph-
ylococcus pseudintermedius in small animal veterinarians: indirect evidence of
zoonotic transmission. Zoonoses Public Health 2011;58:533–9.

54. Guardabassi L, Loeber ME, Jacobson A. Transmission of multiple antimicrobial-
resistant Staphylococcus intermedius between dogs affected by deep
pyoderma and their owners. Vet Microbiol 2004;98:23–7.

55. Frank LA, Kania SA, Kirzeder EM. Risk of colonization or gene transfer to owners
of dogs with methicillin-resistant Staphylococcus pseudintermedius. Vet Derma-
tol 2009;20:496–501.

56. van Duijkeren E, Houwers DJ, Schoormans A, et al. Transmission of methicillin-
resistant Staphylococcus intermedius between humans and animals [letter to
the editor]. Vet Microbiol 2008;128:213–5.

57. Tang YW, Stratton CW. Staphylococcus aureus: an old pathogen with new
weapons. Clin Lab Med 2010;30:179–208.

58. Rubin JE, Chirino-Trejo M. Pharyngeal, rectal and nasal colonization of clinically
healthy dogs with Staphylococcus aureus [letter to the editor]. Vet Microbiol
2010;143:440–1.

59. Fazakerley J, Nuttall T, Sales D, et al. Staphylococcal colonization of mucosal
and lesional skin sites in atopic and healthy dogs. Vet Dermatol 2009;20:
179–84.

60. Cox HU, Hoskins JD, Newman SS, et al. Distribution of staphylococcal species
on clinical normal cats. Am J Vet Res 1985;46:1824–8.

61. Igimi S, Atobe H, Tohya Y, et al. Characterization of the most frequently encoun-
tered Staphylococcus sp. in cats. Vet Microbiol 1994;39:255–60.

62. Lilenbaum W, Nunes EL, Azeredo MA. Prevalence and antimicrobial suscepti-
bility of staphylococci isolated from the skin surface of clinically normal cats.
Lett Appl Microbiol 1998;27:224–8.

63. Lilenbaum W, Esteves AL, Souza GN. Prevalence and antimicrobial suscepti-
bility of staphylococci isolated from saliva of clinically normal cats. Lett Appl
Microbiol 1998;28:448–52.

64. Ippolito G, Leone S, Lauria FN, et al. Methicillin-resistant Staphylococcus
aureus: the superbug. Int J Infect Dis 2010;14(Suppl 4):S7–11.

65. Duquette RA, Nuttall TJ. Methicillin-resistant Staphylococcus aureus in dogs
and cats: an emerging problem? J Small Anim Pract 2004;45:591–7.

66. Cosgrove SE, Qi Y, Kaye KS, et al. The impact of methicillin resistance in Staph-
ylococcus aureus bacteremia on patient outcomes: mortality, length of stay, and
hospital charges. Infect Control Hosp Epidemiol 2005;26:166–74.

67. Middleton JR, Fales WH, Luby CD, et al. Surveillance of Staphylococcus aureus
in veterinary teaching hospitals. J Clin Microbiol 2005;43:2916–9.

68. Rubin JE, Chirino-Trejo M. Antimicrobial susceptibility of canine and human
Staphylococcus aureus collected in Saskatoon, Canada. Zoonoses Public
Health 2011;58:454–62.



Cain34
69. Leonard FC, Abbott Y, Rossney A. Methicillin-resistant Staphylococcus aureus
isolated from a veterinary surgeon and five dogs in one practice. Vet Rec
2006;158:155–9.

70. Abbott Y, Leonard FC, Markey BK. Detection of three distinct genetic lineages in
methicillin-resistant Staphylococcus aureus (MRSA) isolates from animals and
veterinary personnel. Epidemiol Infect 2010;138:764–71.

71. Abdel-moein KA, El-Hariri M, Samir A. Methicillin-resistant Staphylococcus
aureus: an emerging pathogen of pets in Egypt with a public health burden.
Transbound Emerg Dis 2011;59(4):331–5.

72. McLean CL, Ness MG. Methicillin-resistant Staphylococcus aureus in a veteri-
nary orthopaedic referral hospital: staff nasal colonization and incidence of clin-
ical cases. J Small Anim Pract 2008;49:170–7.

73. Vitale CB, Gross TL, Weese JS. Methicillin-resistant Staphylococcus aureus in
cat and owner [letter to editor]. Emerg Infect Dis 2006;12:1998–9.

74. Grinberg A, Kingsbury DD, Gibson IR, et al. Clinically overt infections with
methicillin-resistant Staphylococcus aureus in animals in New Zealand: a pilot
study. N Z Vet J 2008;56:237–42.

75. Malik S, Coombs GW, O’Brien FG, et al. Molecular typing of methicillin-resistant
staphylococci isolated from cats and dogs. J Antimicrob Chemother 2006;58:
428–31.

76. Strommenger B, Kehrenberg C, Kettlitz C, et al. Molecular characterization of
methicillin-resistant Staphylococcus aureus strains from pet animals and their
relationship to human isolates. J Antimicrob Chemother 2006;57:461–5.

77. Abbott Y, Leggett B, Rossney S, et al. Isolation rates of methicillin-resistant
Staphylococcus aureus in dogs, cats and horses in Ireland. Vet Rec 2010;
166:451–5.

78. Faires MC, Traverse M, Tater KC, et al. Methicillin-resistant and -susceptible
Staphylococcus aureus infections in dogs. Emerg Infect Dis 2010;16:69–75.

79. Tomlin J, Pead MJ, Lloyd DH, et al. Methicillin-resistant Staphylococcus aureus
infections in 11 dogs. Vet Rec 1999;144:60–4.

80. Pak SI, Han HR, Shimizu A. Characterization of methicillin-resistant Staphylo-
coccus aureus isolated from dogs in Korea. J Vet Med Sci 1999;61:1013–8.

81. Loeffler A, Pfeiffer DU, Lindsay JA, et al. Lack of transmission of methicillin-
resistant Staphylococcus aureus (MRSA) between apparently healthy dogs in
a rescue kennel. Vet Microbiol 2010;141:178–81.

82. Baptiste KE, Williams K, Williams NJ, et al. Methicillin-resistant staphylococci in
companion animals. Emerg Infect Dis 2005;11:1942–4.

83. O’Mahony R, Abbott Y, Leonard FC, et al. Methicillin-resistant Staphylococcus
aureus (MRSA) isolated from animals and veterinary personnel in Ireland. Vet
Microbiol 2005;109:285–96.

84. Rankin S, Roberts S, O’Shea K, et al. Panton valentine leukocidin (PVL) toxin
positive MRSA strains isolated from companion animals. Vet Microbiol 2005;
108:145–8.

85. Bender JB, Torres SM, Gilbert SM, et al. Isolation of methicillin-resistant Staph-
ylococcus aureus from a non-healing abscess in a cat. Vet Rec 2005;157:388–9.

86. Weese JS, Dick H, Willey BM, et al. Suspected transmission of methicillin-
resistant Staphylococcus aureus between domestic pets and humans in veter-
inary clinics and in the household. Vet Microbiol 2006;115:148–55.

87. Walther B, Wieler LH, Friedrich AW, et al. Methicillin-resistant Staphylococcus
aureus (MRSA) isolated from small and exotic animals at a university hospital
during routine microbiological examinations. Vet Microbiol 2008;127:171–8.



Resistance in Staphylococci in Small Animals 35
88. Lin Y, Barker E, Kislow J, et al. Evidence of multiple virulence subtypes in nosoco-
mial and community-associatedMRSAgenotypes in companion animals from the
Upper Midwestern and Northeastern United States. Clin Med Res 2011;9:7–16.

89. Lin AE, Davies JE. Occurrence of highly fluoroquinolone-resistant and
methicillin-resistant Staphylococcus aureus in domestic animals. Can J Micro-
biol 2007;53:925–9.

90. Faires MC, Tater KC, Weese JS. An investigation of methicillin-resistant Staphy-
lococcus aureus colonization in people and pets in the same household with an
infected person or infected pet. J Am Vet Med Assoc 2009;235:540–3.

91. Morris DO, Mauldin EA, O’Shea K, et al. Clinical, microbiological, and molecular
characterization of methicillin-resistant Staphylococcus aureus infections of
cats. Am J Vet Res 2006;67:1421–5.

92. Briscoe JA, Morris DO, Rankin SC, et al. Methicillin-resistant Staphylococcus
aureus-associated dermatitis in a Congo African Grey Parrot. J Avian Med
Surg 2008;22:336–43.

93. Centers for Disease Control and Prevention. Methicillin-resistant Staphylo-
coccus aureus skin infections from an elephant calf—San Diego, California,
2008. Morb Mortal Wkly Rep 2009;58:194–8.

94. Faires MC, Gehring E, Mergl J, et al. Methicillin-resistant Staphylococcus aureus
in marine mammals [letter to the editor]. Emerg Infect Dis 2009;15:2071–2.

95. Magalhaes RJ, Loeffler A, Lindsay J, et al. Risk factors for methicillin-resistant
Staphylococcus aureus (MRSA) infection in dogs and cats: a case-control
study. Vet Res 2010;41:55.

96. Morris DO, Lautenbach E, Zaoutis T, et al. Potential for pet animals to harbour
methicillin-resistant Staphylococcus aureus when residing with human MRSA
patients. Zoonoses Public Health 2012;59:286–93.

97. Bender JB, Waters KC, Nerby J, et al. Methicillin-resistant Staphylococcus
aureus (MRSA) isolated from pets living in households with MRSA-infected chil-
dren [letter to the editor]. Clin Infect Dis 2012;54:449–50.

98. Loeffler A, Pfeiffer DU, Lindsay JA, et al. Prevalence of and risk factors for MRSA
carriage in companion animals: a survey of dogs, cats and horses. Epidemiol
Infect 2011;139:1019–28.

99. Zhang W, Hao Z, Wang Y, et al. Molecular characterization of methicillin-
resistant Staphylococcus aureus strains from pet animals and veterinary staff
in China. Vet J 2011;190:e125–9.

100. Loeffler A, Pfeiffer DU, Lloyd DH, et al. Methicillin-resistant Staphylococcus
aureus carriage in UK veterinary staff and owners of infected pets: new risk
groups. J Hosp Infect 2010;74:282–8.

101. Manian FA. Asymptomatic nasal carriage of mupirocin-resistant, methicillin-
resistant Staphylococcus aureus (MRSA) in a pet dog associated with MRSA
infection in household contacts. Clin Infect Dis 2003;36:e26–8.

102. Boost MV, O’Donoghue MM, James A. Prevalence of Staphylococcus aureus
carriage among dogs and their owners. Epidemiol Infect 2008;136:953–64.

103. Loeffler A, Boag AK, Sung J, et al. Prevalence of methicillin-resistant Staphylo-
coccus aureus among staff and pets in a small animal referral hospital in the UK.
J Antimicrob Chemother 2005;56:692–7.

104. van Duijkeren E, Wolfhagen MJ, Box AT, et al. Human-to-dog transmission of
methicillin-resistant Staphylococcus aureus. Emerg Infect Dis 2004;10:2235–7.

105. Rutland BE, Weese JS, Bolin C, et al. Human-to-dog transmission of methicillin-
resistant Staphylococcus aureus [letter to editor]. Emerg Infect Dis 2009;15:
1328–30.



Cain36
106. Ferreira JP, Anderson KL, Correa MT, et al. Transmission of MRSA between
companion animals and infected human patients presenting to outpatient
medical care facilities. PLoS One 2011;6:e26978.

107. Sing A, Tuschak C, Hormansdorfer S. Methicillin-resistant Staphylococcus
aureus in a family and its pet cat [letter to the editor]. N Engl J Med 2008;
358:1200–1.

108. Coughlan K, Olsen KE, Boxrud D, et al. Methicillin-resistant Staphylococcus
aureus in resident animals of a long-term care facility. Zoonoses Public Health
2010;57:220–6.

109. van Duijkeren E, Wolfhagen MJ, Heck ME, et al. Transmission of a panton- valen-
tine leucocidin-positive, methicillin-resistant Staphylococcus aureus strain
between humans and a dog. J Clin Microbiol 2005;43:6209–11.

110. Ferreira JP, Fowler VG, Correa MT, et al. Transmission of methicillin-resistant
Staphylococcus aureus between human and hamster. J Clin Microbiol 2011;
49:1679–80.

111. Walther B,Wieler LH, Friedrich AW, et al. Staphylococcus aureus andMRSA colo-
nization rates among personnel and dogs in a small animal hospital: association
with nosocomial infections. Berl Munch Tierarztl Wochenschr 2009;122:178–85.

112. Lefebvre SL, Reid-Smith RJ, Waltner-Toews D, et al. Incidence of acquisition of
methicillin-resistant Staphylococcus aureus, Clostridium difficile, and other
health-care- associated pathogens by dogs that participate in animal-assisted
interventions. J Am Vet Med Assoc 2009;234:1404–17.

113. Kottler S, Middleton JR, Perry J, et al. Prevalence of Staphylococcus aureus and
methicillin-resistant Staphylococcus aureus carriage in three populations. J Vet
Intern Med 2010;24:132–9.

114. Burton S, Reid-Smith R, McClure JT, et al. Staphylococcus aureus colonization
in healthy horses in Atlantic Canada. Can Vet J 2008;49:797–9.

115. Weese JS, Rousseau J, Traub-Dargatz JL, et al. Community-associated methi-
cillin- resistant Staphylococcus aureus in horses and humans who work with
horses. J Am Vet Med Assoc 2005;226:580–3.

116. Weese JS, Caldwell F, Willey BM, et al. An outbreak of methicillin-resistant
Staphylococcus aureus skin infections resulting from horse to human transmis-
sion in a veterinary hospital. Vet Microbiol 2006;114:160–4.

117. Anderson ME, Lefebvre SL, Rankin SC, et al. Retrospective multicentre study of
methicillin-resistant Staphylococcus aureus infections in 115 horses. Equine Vet
J 2009;41:401–5.

118. Weese JS, van Duijkeren E. Methicillin-resistant Staphylococcus aureus and
Staphylococcus pseudintermedius in veterinary medicine. Vet Microbiol 2010;
140:418–29.

119. Maddox TW, Clegg PD, Diggle PJ, et al. Cross-sectional study of antimicrobial-
resistant bacteria in horses. Part 1: prevalence of antimicrobial-resistant escher-
ichia coli and methicillin-resistant staphylococcus aureus. Equine Vet J 2012;44:
289–96.

120. Tokateloff N, Manning ST, Weese JS, et al. Prevalence of methicillin-resistant
Staphylococcus aureus colonization of horses in Saskatchewan, Alberta, and
British Columbia. Can Vet J 2009;50:1177–80.

121. Smith TC, Pearson N. The emergence of Staphylococcus aureus ST398. Vector
Borne Zoonotic Dis 2011;11:327–39.

122. Guardabassi L, Stegger M, Skov R. Retrospective detection of methicillin resis-
tant and susceptible Staphylococcus aureus ST398 in Danish slaughter pigs.
Vet Microbiol 2007;122:384–6.



Resistance in Staphylococci in Small Animals 37
123. Floras A, Lawn K, Slavic D, et al. Sequence type 398 methicillin-resistant Staph-
ylococcus aureus infection and colonisation in dogs. Vet Rec 2010;166:826–7.

124. O’Brien AM, Hanson BM, Farina SA, et al. MRSA in conventional and alternative
retail pork products. PLoS One 2012;7:e30092.

125. Weese JS, Reid-Smith R, Rousseau J, et al. Methicillin-resistant Staphylococcus
aureus (MRSA) contamination of retail pork. Can Vet J 2010;51:749–52.

126. van Loo I, Huijsdens X, Tiemersma E, et al. Emergence of methicillin-resistant
Staphylococcus aureus of animal origin in humans. Emerg Infect Dis 2007;13:
1834–9.

127. Garcia-Graells C, Antoine J, Larsen J, et al. Livestock veterinarians at high risk
of acquiring methicillin-resistant Staphylococcus aureus ST398. Epidemiol
Infect 2012;140:383–9.

128. Gorwitz RJ, Kruszon-Moran D, McAllister SK, et al. Changes in the prevalence of
nasal colonization with Staphylococcus aureus in the United States, 2001-2004.
J Infect Dis 2008;197:226–34.

129. Jordan D, Simon J, Fury S, et al. Carriage of methicillin-resistant Staphylococcus
aureus by veterinarians in Australia. Aust Vet J 2011;89:152–9.

130. Burstiner LC, Faires M, Weese JS. Methicillin-resistant Staphylococcus aureus
colonization in personnel attending a veterinary surgery conference. Vet Surg
2010;39:150–7.

131. Moodley A, Nightingale EC, Stegger M, et al. High risk for nasal carriage of
methicillin- resistant Staphylococcus aureus among Danish veterinary practi-
tioners. Scand J Work Environ Health 2008;34:151–7.

132. Anderson ME, Lefebvre SL, Weese JS. Evaluation of prevalence and risk factors
for methicillin-resistant Staphylococcus aureus colonization in veterinary
personnel attending an international equine veterinary conference. Vet Microbiol
2008;129:410–7.

133. Hanselman BA, Kruth SA, Rousseau J, et al. Methicillin-resistant Staphylococcus
aureus colonization in veterinary personnel. Emerg Infect Dis 2006;12:1933–8.

134. Heller J, Armstrong SK, Girvan EK, et al. Prevalence and distribution of methi-
cillin- resistant Staphylococcus aureus within the environment and staff of
a university veterinary clinic. J Small Anim Pract 2009;50:168–73.

135. Hoet AE, Johnson A, Nava-Hoet RC, et al. Environmental methicillin-resistant
Staphylococcus aureus in a veterinary teaching hospital during a nonoutbreak
period. Vector Borne Zoonotic Dis 2011;11:609–15.

136. Weese JS, DaCosta T, Button L, et al. Isolation of methicillin-resistant Staphylo-
coccus aureus from the environmentl in a veterinary teaching hospital. J Vet
Intern Med 2004;18:468–70.

137. Murphy CP, Reid-Smith RJ, Boerlin P, et al. Escherichia coli and selected veter-
inary and zoonotic pathogens isolated from environmental sites in companion
animal veterinary hospitals in southern Ontario. Can Vet J 2010;51:963–72.

138. Cain CL, Morris DO, O’Shea K, et al. Genotypic relatedness and phenotypic
characterization of Staphylococcus schleiferi subspecies in clinical samples
from dogs. Am J Vet Res 2011;72:96–102.

139. Cain CL, Morris DO, Rankin SC. Clinical characterization of Staphylococcus
schleiferi infections and identification of risk factors for acquisition of oxacillin-
resistant strains in dogs: 225 cases (2003-2009). J Am Vet Med Assoc 2011;
239:1566–73.

140. Igimi S, Takahashi E, Mitsuoka T. Staphylococcus schleiferi subsp. coagulans
subsp. nov., isolated from the external auditory meatus of dogs with external
ear otitis. Int J Syst Bacteriol 1990;40:409–11.



Cain38
141. Bes M, Guerin-Faublee V, Freney J, et al. Isolation of Staphylococcus schleiferi
subspecies coagulans from two cases of canine pyoderma. Vet Rec 2002;150:
487–8.

142. Frank LA, Kania SA, Hnilica KA, et al. Isolation of Staphylococcus schleiferi from
dogs with pyoderma. J Am Vet Med Assoc 2003;222:451–4.

143. May ER, Hnilica KA, Frank LA, et al. Isolation of Staphylococcus schleiferi from
healthy dogs and dogs with otitis, pyoderma, or both. J Am Vet Med Assoc
2005;227:928–31.

144. Yamashita K, Shimizu A, Kawano J, et al. Isolation of characterization of staph-
ylococci from external auditory meatus of dogs with or without otitis externa with
special reference to Staphylococcus schleiferi subsp. coagulans isolates. J Vet
Med Sci 2005;67:263–8.

145. Bemis DA, Jones RD, Hiatt LE, et al. Comparison of tests to detect oxacillin
resistance in Staphylococcus intermedius, Staphylococcus schleiferi, and
Staphylococcus aureus isolates from canine hosts. J Clin Microbiol 2006;44:
3374–6.

146. Vanni M, Tognetti R, Pretti C, et al. Antimicrobial susceptibility of Staphylococcus
intermedius and Staphylococcus schleiferi isolated from dogs. Res Vet Sci
2009;87:192–5.

147. Intorre L, Vanni M, Di Bello D, et al. Antimicrobial susceptibility and mechanism
of resistance to fluoroquinolones in Staphylococcus intermedius and Staphylo-
coccus schleiferi. J Vet Pharmacol Ther 2007;30:464–9.

148. Chanchaithong P, Prapasarakul N. Biochemical markers and protein pattern
analysis for canine coagulase-positive staphylococci and their distribution on
dog skin. J Microbiol Methods 2011;86:175–81.

149. Hernandez JL, Calvo J, Sota R, et al. Clinical and microbiological characteristics
of 28 patients with Staphylococcus schleiferi infection. Eur J Clin Microbiol Infect
Dis 2001;20:153–8.

150. Da Costa A, Lelievre H, Kirkorian G, et al. Role of the preaxillary flora in pace-
maker infections. Circulation 1998;97:1791–5.

151. Kluytmans J, Berg H, Steegh P, et al. Oubreak of Staphylococcus schleiferi
wound infections: strain characterization by randomly amplified polymorphic
DNA analysis, PCR ribotyping, conventional ribotyping, and pulsed-field gel
electrophoresis. J Clin Microbiol 1998;36:2214–9.

152. Vandenesch F, Lebeau C, Bes M, et al. Clotting activity in Staphylococcus
schleiferi subspecies from human patients. J Clin Microbiol 1994;32:388–92.

153. Kumar D, Cawley JJ, Irizarry-Alvarado JM, et al. Case of Staphylococcus schlei-
feri subspecies coagulans endocarditis and metastatic infection in an immune
compromised host. Transpl Infect Dis 2007;9:336–8.

154. Piette A, Verschraegen G. Role of coagulase-negative staphylococci in human
disease. Vet Microbiol 2009;134:45–54.

155. von Eiff C, Peters G, Heilmann C. Pathogenesis of infections due to coagulase-
negative staphylococci. Lancet Infect Dis 2002;2:677–85.

156. Garza-Gonzalez E, Morfin-Otero R, Llaca-Diaz JM, et al. Staphylococcal
cassette chromosome mec (SCCmec) in methicillin-resistant coagulase-nega-
tive staphylococci. A review and the experience in a tertiary-care setting. Epide-
miol Infect 2010;138:645–54.

157. Bagcigil FA, Moodley A, Baptiste KE, et al. Occurrence, species distribution,
antimicrobial resistance and clonality of methicillin- and erythromycin-resistant
staphylococci in the nasal cavity of domestic animals. Vet Microbiol 2007;121:
307–15.



Resistance in Staphylococci in Small Animals 39
158. Moodley A, Guardabassi L. Clonal spread of methicillin-resistant coagulase-
negative staphylococci among horses, personnel and environmental sites at
equine facilities. Vet Microbiol 2009;137:397–401.

159. Briscoe JA, Morris DO, Rosenthal KL, et al. Evaluation of mucosal and sebor-
rheic sites for staphylococci in two populations of captive psittacines. J Am
Vet Med Assoc 2009;234:901–5.

160. Corrente M, D’Abramo M, Latronico F, et al. Methicillin-resistant coagulase
negative staphylococci isolated from horses. New Microbiol 2009;32:311–4.

161. Yasuda R, Kawano J, Onda H, et al. Methicillin-resistant coagulase-negative
staphylococci isolated from healthy horses in Japan. Am J Vet Res 2000;61:
1451–5.

162. Stepanovic S, Dimitrijevic V, Vukovic D, et al. Staphylococcus sciuri as part of
skin, nasal and oral flora in healthy dogs. Vet Microbiol 2001;82:177–85.

163. Lilenbaum W, Veras M, Blum E, et al. Antimicrobial susceptibility of staphylo-
cocci isolated from otitis externa in dogs. Lett Appl Microbiol 2000;31:42–5.

164. Lacasta D, Ferrer LM, Ramos JJ, et al. Unilateral scrotal pyocele in ram caused
by Staphylococcus capitis. Aust Vet J 2009;87:484–6.

165. Griffin GM, Hold DE. Dog-bite wounds: bacteriology and treatment outcome in
37 cases. J Am Anim Hosp Assoc 2001;37:453–60.

166. Sidhu MS, Oppegaard H, Devor TP, et al. Persistence of multidrug-resistant
Staphylococcus haemolyticus in an animal veterinary teaching hospital clinic.
Microb Drug Resist 2007;13:271–80.

167. Moon BY, Youn JH, Shin S, et al. Genetic and phenotypic characterization of
methicillin- resistant staphylococci isolated from veterinary hospitals in South
Korea. J Vet Diagn Invest 2012;24:489–98.

168. Zhang Y, Wang X, LeJeune JT, et al. Comparison of phenotypic methods in pre-
dicting methicillin resistance in coagulase-negative Staphylococcus (CoNS)
from animals. Res Vet Sci 2011;90:23–5.

169. Rich M, Deighton L, Roberts L. Clindamycin-resistance in methicillin-resistant
Staphylococcus aureus isolated from animals. Vet Microbiol 2005;111:237–40.

170. Faires M, Gard S, Aucoin D, et al. Inducible clindamycin-resistance in methi-
cillin- resistant Staphylococcus aureus and methicillin-resistant Staphylococcus
pseudintermedius isolates from dogs and cats [letter to the editor]. Vet Microbiol
2009;139:419–20.

171. Rubin JE, Ball KR, Chirino-Trejo M. Antimicrobial susceptibility of Staphylo-
coccus aureus and Staphylococcus pseudintermedius isolated from various
animals. Can Vet J 2011;52:153–7.

172. Trzcinski K, Cooper BS, Hryniewicz W, et al. Expression of resistance to tetracy-
clines in strains of methicillin-resistant Staphylococcus aureus. J Antimicrob
Chemother 2000;45:763–70.

173. Greene CE, Watson AD. Antibacterial chemotherapy. In: Greene CE, editor.
Infectious diseases of the dog and cat. 3rd edition. St Louis (MO): Saunders
Elsevier; 2006. p. 292.

174. Ihrke PJ, Papich MG, Demanuelle TC. The use of fluoroquinolones in veterinary
dermatology. Vet Dermatol 1999;10:193–204.

175. Ganiere JP, Medaille C, Limet A, et al. Antimicrobial activity of enrofloxacin
against Staphylococcus intermedius strains isolated from canine pyodermas.
Vet Dermatol 2001;12:171–5.

176. Ihrke PJ. Bacterial infections of the skin. In: Greene CE, editor. Infectious
diseases of the dog and cat. 3rd edition. St Louis (MO): Saunders Elsevier;
2006. p. 807–15.



Cain40
177. Windahl U, Reimegard E, Holst BS, et al. Carriage of methicillin-resistant Staph-
ylococcus pseudintermedius in dogs—a longitudinal study. BMC Vet Res 2012;
8:34.

178. Mason IS, Kietzmann M. Cephalosporins—pharmacological basis of clinical use
in veterinary dermatology. Vet Dermatol 1999;10:187–92.

179. Weber SG, Gold HS, Hooper DC, et al. Fluoroquinolones and the risk for meth-
icillin- resistant Staphylococcus aureus in hospitalized patients. Emerg Infect
Dis 2003;9:1415–22.

180. Bisognano C, Vaudauz PE, Rohner P, et al. Induction of fibronectin-binding
proteins and increased adhesion of quinolone-resistant Staphylococcus aureus
by subinhibitory levels of ciprofloxacin. Antimicrob Agents Chemother 2000;44:
1428–37.

181. Liu C, Bayer A, Cosgrove SE, et al. Clinical practice guidelines by the infectious
diseases society of America for the treatment of methicillin-resistant Staphylo-
coccus aureus infections in adults and children: executive summary. Clin Infect
Dis 2011;52:285–92.

182. Papich MG. Selection of antibiotics for methicillin-resistant Staphylococcus
pseudintermedius: time to revisit some old drugs? Vet Dermatol 2012;23(4):
352–60.e64.

183. Greene CE, Hartmann K, Calpin J. Antimicrobial drug formulary. In: Greene CE,
editor. Infectious diseases of the dog and cat. 3rd edition. St Louis (MO): Saun-
ders Elsevier; 2006. p. 1197, 1226, 1259, 1310.

184. Arditi M, Yogev R. In vitro interaction between rifampin and clindamycin against
pathogenic coagulase-negative staphylococci. Antimicrob Agents Chemother
1989;33:245–7.

185. Senturk S, Ozel E, Sen A. Clinical efficacy of rifampicin for treatment of canine
pyoderma. Acta Vet Brno 2005;74:117–22.

186. Kadlec K, van Duijkeren E, Wagenaar JA, et al. Molecular basis of rifampicin
resistance in methicillin-resistant Staphylococcus pseudintermedius isolates
from dogs. J Antimicrob Chemother 2011;66:1236–42.

187. Frank LA. Clinical pharmacology of rifampin. J Am Vet Med Assoc 1990;197:
114–7.

188. Plumb DC. Amikacin sulfate. In: Plumb’s veterinary drug handbook. 7th editon.
Ames (IA): Wiley-Blackwell; 2011. p. 39–42.

189. Huth ME, Ricci AJ, Cheng AG. Mechanisms of aminoglycoside ototoxicity and
targets of hair cell protection. Int J Otolaryngol 2011;2011:937861.

190. Murayama N, Nagata M, Terada Y, et al. Efficacy of a surgical scrub including
2% chlorhexidine acetate for canine superficial pyoderma. Vet Dermatol 2010;
21:586–92.

191. Weese JS, Faires M, Rousseau J, et al. Cluster of methicillin-resistant Staphylo-
coccus aureus colonization in a small animal intensive care unit. J Am Vet Med
Assoc 2007;231:1361–4.

192. Walther B, Hermes J, Cuny C, et al. Sharing more than friendship—nasal colo-
nization with coagulase-positive staphylococci (CPS) and co-habitation aspects
of dogs and their owners. PLoS One 2012;7:e35197.

193. Saijonmaa-Koulu L, Parsons E, Lloyd DH. Elimination of Staphylococcus inter-
medius in healthy dogs by topical treatment with fusidic acid. J Small Anim Pract
1998;39:341–7.


	Antimicrobial Resistance in Staphylococci in Small Animals
	Key Points
	Introduction
	Methicillin resistance
	Methicillin-resistant staphylococci of veterinary importance
	Methicillin-Resistant S pseudintermedius
	MRSA
	Methicillin Resistant S schleiferi
	Methicillin-Resistant CoNS

	Other mechanisms of staphylococcal antimicrobial resistance
	Clindamycin Resistance
	Tetracycline Resistance
	Fluoroquinolone Resistance

	Implications of staphylococcal antimicrobial resistance
	Indications for Culture and Susceptibility Testing
	Rational Empiric Therapy
	Treatment of Methicillin-Resistant Staphylococcal Infections
	Infection Prevention and Decolonization

	Summary
	References


