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Key points 

- Methicillin-resistant staphylococci (MRS) are increasingly being identified as causes of 
opportunistic infections in animals 

- While MRS are not inherently more virulent than their susceptible counterparts, failure to 
identify MRS infections can lead to a poorer prognosis since initial empirical therapy 
may be ineffective. 

- Methicillin-resistant Staphylococcus pseudintermedius (MRSP) has increased greatly in 
the past 5-10 years and is a critically important opportunistic pathogen in dogs.  

 
 Despite being inherently susceptible to virtually every known antimicrobial class, 
staphylococci are notorious antimicrobial resistant pathogens. From the first introduction of 
antimicrobials, staphylococci have demonstrated an impressive ability to become resistant. 
Penicillin-resistance was identified shortly after penicillin became widely used. New drug 
development outpaced resistance initially, but the ability of staphylococci to become resistant 
was repeatedly demonstrated as the introduction of new drugs was typically followed (sometimes 
rapidly) by emergence of resistance. Included in this pattern was resistance to methicillin, which 
emerged not long after the use of methicillin began in 1959. While resistance to methicillin itself 
is not a major concern, methicillin-resistance is caused by production of an altered penicillin 
binding protein (PBP2a) that has a poor affinity for beta-lactam antimicrobials and confers 
resistance not just to methicillin, but to virtually all beta-lactams; penicillins, cephalosporins and 
carbapenems. Production of PBP2a is mediated by the mecA gene, a gene that is located on a 
staphylococcal chromosomal cassette (SCCmec), a site where other resistance genes can also be 
incorporated. In addition to broad beta-lactam resistance, methicillin-resistant staphylococci are 
often resistant to a wide range of other antimicrobials, severely limiting treatment options. While 
methicillin-resistance was first noted as a problem in humans, it has emerged as a pressing issue 
in companion animals, and there have been striking recent changes in the epidemiology of 
methicillin-resistant staphylococcal infection and colonization in dogs and cats.  

There is often confusion associated with staphylococci, particularly methicillin-resistant 
staphylococci. It is critical to remember that all staph are not created alike. The clinical 
relevance, prevalence of colonization, incidence of disease and potential for interspecies 
transmission vary greatly between different staphylococcal species. Inadequate identification 
practices, variable and sometimes improper susceptibility testing methodology, and variable 
reporting of results can lead to confusion and possibly suboptimal patient care. A critical aspect 
of dealing with staphylococci is knowing (with confidence) the species that is involved. There 
are two main groups of staphylococci; coagulase positive and coagulase negative. Coagulase 
positive species (e.g. S. aureus, S. pseudintermedius, S. schleiferi coagulans) are the most 
virulent and of greatest clinical relevance. Differentiation of these, or at a minimum, 
differentiation of S. aureus from other coagulase positive staphylococci is needed for both 
interpretation of zoonotic risks and the use of proper antimicrobial susceptibility testing 
methodology (since there are different standards for S. aureus versus other staphylococci). 
Coagulase negative staphylococci tend to be of limited virulence and after often considered 
together as a single group, although there is some evidence of variation in virulence and clinical 
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relevance.  
 

Methicillin-resistant S. pseudintermedius (MRSP) 
Staphylococcus pseudintermedius is the most common pathogenic Staphylococcus in 

dogs and a common commensal that can be found in or on a large percentage, if not all, healthy 
dogs, and a smaller percentage of cats. As with methicillin-susceptible S. pseudintermedius 
(MSSP), MRSP can be found in or on healthy dogs and cats. Carriage rates of 0-17% in dogs and 
0-1.2% in healthy cats have been reported,1-5 and it appears that the rate of colonization is 
increasing in many regions. MRSP appears to have emerged and disseminated internationally in 
companion animals at a truly amazing rate, with rapid development of a very high level of drug 
resistance. MRSP infections are being identified virtually everywhere that people are looking, 
and the increase in incidence of disease, while not objectively reported, seems to be dramatic, 
particularly among dogs with pyoderma and in surgical site infections. It has been called a 
serious emerging problem in small animal veterinary medicine and one that requires urgent 
action to control its spread. Highly antimicrobial resistant strains are commonly encountered, and 
there may be few viable treatment options. Curiously, while MRSP appears to only have 
emerged as a problem recently, MRSP strains from dogs and cats are typically much more 
resistant than MRSA strains which have presumably been around much longer. 

Risk factors for MRSP colonization have not been adequately investigated, but there is 
evidence that routine antimicrobial administration is an important driving force for MRSP 
colonization in dogs. 

 MRSP is an opportunistic pathogen and colonization does not necessarily lead to disease. 
Indeed, it is likely that the vast majority of colonized animals never develop a clinical infection. 
The risk of infection in MRSP carriers has not been reported, but it is reasonable to assume that 
MRSP carriers are at some increased risk of MRSP infection, at least in certain situations (e.g. 
after surgery, with underlying skin disease). Antimicrobial administration, hospitalization or 
surgery within 30 days prior to the onset of infection were associated with MRSP versus MSSP 
infection in one study.6 
 Skin, ear and other soft tissue infections predominate. Very high rates of MRSP infection 
are now being identified among canine pyoderma patients, to the extent that the majority of 
pyoderma cases are MRSP in some practices. Post-operative infections appear to be increasingly 
common, particularly TPLO infections.6 Given the high level of resistance that is typically 
present, with correspondingly few treatment options, this is of significant concern. Further, 
resistance continues to increase, and resistance is now being identified to antimicrobials that 
were commonly effective a short time ago (e.g. chloramphenicol, doxycycline, trimethoprim-
sulfa). There is no indication that MRSP infections are inherently more serious than infections 
caused by methicillin-susceptible strains; however, they could ultimately be associated with 
increased morbidity and mortality because of failure of initial empirical antimicrobial therapy 
and limited treatment options 
 
Methicillin-resistant S. aureus (MRSA)  
 MRSA tends to receive a higher profile than MRSP because of its huge impact in human 
medicine; however, it is a much less common cause of infection in dogs and cats. Despite the 
importance of this pathogen, the animal health implications of MRSA are nowhere near as large 
in dogs and cats compared to MRSP. Regardless, attention must be paid to this organism because 
of the potential for serious and difficult-to-treat infections and the greater zoonotic implications.  
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It is assumed that the emergence of MRSA in companion animals is directly related to 
MRSA in humans. As MRSA expanded in humans in the general population in the 1990s and 
2000s, exposure of pets was inevitable. Humans are thought to be the ultimate source of 
infection for a large percentage, if not the vast majority, of infections in pets, and changes in the 
epidemiology of MRSA in humans can be reflected in changes in trends in pets. Virtually all 
MRSA isolates from pets are recognized human epidemic clones and identification of other 
strains in dogs and cats is rare.7-11  

First reported in the 1990s, MRSA infection and colonization have now been identified in 
dogs, cats and other companion animals across the world. Staphylococcus aureus can be isolated 
from the nares, perineum or intestinal tract of 12-14% of healthy dogs and 4.3-20% of healthy 
cats,2,5,12 and not surprisingly, MRSA can also be found in healthy individuals. Reported 
colonization rates are variable but tend to be 0-3.3% in healthy dogs and 0-6% in healthy cats.12-

17 Higher rates can be encountered periodically in animals in veterinary facilities. However, most 
MRSA cases are not associated with veterinary hospitals. Higher rates can also be found in 
specific dog populations such as households where another pet has an MRSA infection,18 or 
during outbreaks in breeding or rescue kennels.9,19 Being owned by a human healthcare worker 
and participation in hospital visitation programs have been identified as risk factors for MRSA 
colonization in dogs, and are logical based on the increased likelihood of exposure to colonized 
people.7,20 Contact with children has also been identified as a risk factor.7 While these, and 
potentially other, risk factors should be considered, MRSA can be identified in any animal and 
absence of known risk factors should not lead to excluding MRSA from consideration.  

Most animals that are colonized with MRSA have no signs of infection and may never 
develop a clinical infection, but opportunistic infections can develop. S. aureus produces a 
similar range of disease as S. pseudintermedius. The main difference between S. 
pseudintermedius and S. aureus (and therefore between MRSP and MRSA) is the incidence of 
disease, not disease location or severity. Clinically, MRSA infections are indistinguishable from 
those caused by methicillin-susceptible strains or other coagulase positive staphylococci, 
predominantly skin and ear infections, with smaller numbers of other opportunistic infections. It 
is possible that infections more commonly associated with human-contact (e.g. wound and 
surgical site infections contaminated by hands of owners or veterinary personnel) are more likely 
to be caused by S. aureus (including MRSA) but objective data are lacking.   
 
Methicillin-resistant S. schleiferi (MRSS) 
 Staphylococcus schleiferi consists of two subspecies, the coagulase positive S. schleiferi 
subsp coagulans and coagulase negative S. schleiferi subsp schleiferi. These are less common 
causes of infection than S. pseudintermedius, but a large percentage of diagnostic laboratories do 
not attempt to different S. schleiferi coagulans from S. pseudintermedius (reporting them as ‘S. 
intermedius group’ of defaulting to calling them S. pseudintermedius) or S. schleifer schleiferi 
from other coagulase negative species so there are limitations in understanding of the role of 
these species in disease. Staphylococcus schleiferi coagulans can be isolated in 0.8-4% of 
healthy dogs and 0-2% of healthy cats. Colonization with methicillin-resistant S. schleiferi 
(MRSS) has been identified in 0-2% of dogs and MRSS infections are being increasingly 
reported. S. schleiferi coagulans is most commonly implicated in pyoderma and otitis externa in 
dogs, but other opportunistic infections such as urinary tract infection and pneumonia have been 
reported. Less in known about S. schleiferi schleiferi, but it is likely present in or on a small 
percentage of healthy dogs and cats. It has been implicated as a cause of pyoderma and otitis, 
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and methicillin-resistant infections, while poorly characterized, presumably do the same. 
 
Methicillin-resistant coagulase negative staphylococci (MR-CoNS) 

MR-CoNS are common commensals and generally of limited virulence. MR-CoNS 
infections may be overdiagnosed because MR-CoNS can be isolated as contaminants from 
various superficial body sites. In human medicine, MR-CoNS are primarily a concern in 
hospitalized individuals. The situation may be similar in dogs can cats, with most CoNS being of 
minimal pathogenicity and mainly of relevance in highly compromised patients. While CoNS are 
generally considered as a group, it is possible that there are differences between CoNS species. 
This mainly relates to three organisms; S. schleiferi subspecies schleiferi, S. epidermidis and S. 
felis. Staphylococcus schleiferi schleiferi and S. epidermidis have been implicated as a cause of 
pyoderma and otitis, and may be inherently more pathogenic in skin and ear infections than other 
CoNS. A primary role of S. felis in urinary tract infections in cats has also been suggested. These 
species may, therefore, be relevant pathogens in community-associated disease, unlike most 
other CoNS. As with other staphylococci, methicillin-resistant strains are inherently no more 
pathogenic than methicillin-susceptible strains, and the implications of colonization with MR-
CoNS are typically inconsequential. 
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