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Key points 

 The general approach to methicillin-resistant staphylococcal infections is not different 
than that for susceptible infections 

 Combinations of systemic and local antimicrobial therapy, along with surgical 
intervention, are typically required. 

 Prompt diagnosis is critical so that proper treatment can be instituted. 
 

Rupture of the cranial cruciate ligament is common in dogs and accounts for staggering 
economic costs to owners. While surgical site infections (SSIs) are an inherent risk of any 
surgical procedures, TPLO SSI rates tend to be relatively high (6-11%),1-4 something that affects 
patient health, along with owner and clinician satisfaction. It also contributes substantially to the 
cost of treatment.  

In recent years, methicillin-resistant staphylococci (MRS), particularly methicillin-resistant S. 
pseudintermedius (MRSP) have become common causes in TPLO SSIs. In some areas, MRSP is 
the predominant cause. While MRS are not more inherently virulent than susceptible 
staphylococci, they can be problematic to treat because of extensive antimicrobial resistance and 
correspondingly few treatment options.  
 
Diagnosis 

The first step in proper management of MRS TPLO infection is identification of the 
offending agent and its antimicrobial susceptibility. While staphylococcal infection can be 
strongly suspected in TPLO SSI, there are no clinical findings that strongly indicate involvement 
of staphylococci versus other opportunistic pathogens. Therefore, specific diagnostic testing is 
required.  

Presumptive evidence can be obtained from evaluation of smears or aspirates. This can 
indicate the presence of a septic process and involvement of Gram positive cocci, but is not 
definitive for staphylococci, cannot differentiate amongst staphylococcal species and cannot 
indicate whether a methicillin-resistant strain is present.   
 Isolation of staphylococci from an infected site is the standard for diagnosis. However, 
while isolation of staphylococci is relatively easy, interpretation of some culture results can be 
difficult because of the presence of staphylococci as commensals and contaminants. That is 
particularly true for coagulase negative staphylococci (CoNS), which are common skin 
contaminants and generally of limited virulence. Care must be taken when interpreting isolation 
of CoNS. Isolation of heavy growth of CoNS from sterile sites (e.g. deep aspirate around a plate) 
is more indicative disease as long as samples were collected and handled properly. Since they are 
skin contaminants, low levels of contamination can occur in samples collected through skin sites. 
If quantitative or semi-quantitative culture results are provided, low growth (1+) of CoNS is of 
questionable relevance and quite possibly contamination, not infection. If a CoNS is isolated 
along with a more convincing pathogen (e.g. S. pseudintermedius), it is reasonable to suspect that 
the other pathogen is truly the cause of infection. 

After identification of a Staphylococcus, it must be speciated and its antimicrobial 
susceptibility must be determined. Some diagnostic laboratories only provide superficial 
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identifications, such as only differentiating coagulase positive from coagulase negative 
staphylococci. This is inadequate since there are different antimicrobial breakpoints for S. aureus 
and S. pseudintermedius. Speciation is also needed for assessment of zoonotic risks. Ideally, 
coagulase positive organisms should be identified to the species level, or at least to the level of S. 
aureus versus others (predominantly S. pseudintermedius). Speciation of CoNS is rare and is 
difficult to achieve with confidence using conventional means, and in reality is probably of 
limited usefulness given our overall poor understanding of this group.  

Once species has been determined, susceptibility testing can be performed. Veterinarians 
should ensure that the diagnostic laboratory they use followed standard Clinical and Laboratory 
Standards Institute (CLSI) guidelines for performing and interpreting susceptibility testing 
results, as erroneous and misleading results can be obtained otherwise. In general, methods to 
detect antimicrobial susceptibility amongst staphylococci are well developed and validated, and 
in vitro susceptibility provides a good reflection of likelihood of in vivo efficacy.  

In humans, real time PCR is increasingly being used as a rapid diagnostic test for 
detection of both clinical disease and colonization. Currently, there are no validated MRS tests 
for animals, and species-specific validation is needed. Some companies have marketed “MRSA” 
PCR tests, but these are blatant misrepresentations since they detect mecA, a gene that is present 
in MRSA and any other MR-staph, including the common commensal CoNS. These tests have 
not usefulness. 

The additional component of diagnosis is identification of the extent of infection, through 
imaging and cytology. Determination of involvement of bone and joints, formation of fluid 
pockets or abscess, and other factors, may be critical for determining the appropriate treatment 
plan. 
 
Treatment 
 One important concept is that the presence of MRSP, or any other MRS, does not change 
the overall treatment plan, it just changes the antimicrobial choices.   

Prompt treatment is required. Empirical therapy is indicated in advance of culture results. 
This can be problematic for MRS infection since MRS are resistant to the drugs that are most 
commonly used for empirical therapy (e.g. amoxicillin/clavulanic acid, cephalosporins). 
Understanding the patient population and disease trends is important for empirical therapy. 
While it is important to consider principles of prudent antimicrobial use, if MRSP is the 
predominant cause of TPLO SSI in a practice, empirical therapy against MRSP (based on the 
typical susceptibility pattern seen in that practice) is reasonable, with de-escalation in situations 
where a more susceptible organism is identified.  
 
Systemic Antimicrobials 
 Systemic antimicrobials are indicated for any deep SSI. Treatment should be based on in 
vitro susceptibility testing whenever possible because of the potential for highly drug resistant 
strains and the limited treatment options that may be available. MRS are resistant to all beta-
lactams (penicillins, cephalosporins, carbapenems) and often many other drug classes. While 
there are often a variety of options for MRSA, choices may be few (and not optimal) for MRSP. 
The role of fluoroquinolones in the treatment of staphylococcal infections is somewhat 
controversial. Fluoroquinolones may not be good options for MRS infections, regardless of in 
vitro data. In humans, fluoroquinolones are considered to be contraindicated for the treatment of 
MRSA infections because of poor clinical response and rapid development of resistance. This 
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has not been objectively investigated in dogs and cats, but there is no reason to suspect that it 
would be different in these species, thus fluoroquinolones should be avoided for MRS infections 
when other options are available. Clindamycin may be an option in some cases, but resistance is 
a concern and is not always readily apparent with routine testing. Inducible clindamycin 
resistance can be present, particularly in S. aureus. With this phenomenon, isolates appear to be 
susceptible to clindamycin in vitro, however resistance is induced upon exposure in vivo and 
treatment failure is expected. One study reported inducible resistance in 71% of MRSA strains 
from animals5 while another study reported that 55% of erythromyin-resistant, clindamycin-
susceptible MRSA from dogs were inducibly resistant.6 Inducible resistance can be detected in 
vitro using a “D-test”, test that is not widely available in veterinary diagnostic laboratories. 
Staphylococcus aureus isolates that are reported as erythromycin-resistant but clindamycin-
susceptible should be considered resistant to clindamycin unless a D-test has indicated the 
absence of inducible resistance. Inducible resistance appears to be rare in S. pseudintermedius,6 
but since it has been reported,7 it would be prudent to avoid clindamycin for the treatment of 
serious infections caused by erythromycin-resistant strains without demonstration of absence of 
inducible clindamycin resistance.  

Trimethoprim-sulfa is effective against some methicillin-resistant staphylococci in vitro. 
Safety concerns are not insignificant with this drug combination and include keratoconjunctivitis 
sicca, arthropathy and other idiosyncratic effects, but the drug is relatively safe overall, 
particularly when used for short periods of time. It should probably be avoided in animals at 
high-risk of KCS. Chloramphenicol can also be an effective drug, although human health 
concerns from drug exposure must be considered. Careful drug handling instructions and an 
explanation of the risks must be provided if clients are given this drug. Chloramphenicol can also 
cause bone marrow suppression and is contraindicated in animals being treated with other bone-
marrow suppressive drugs. If chloramphenicol is to be used for a prolonged period of time, 
periodic (q14-28d) monitoring of a CBC may be useful. Recently, evidence has indicated that 
minocycline susceptibility is common in MRSP, even when strains are resistant to doxycycline.8 
This oral drug may be another useful treatment option but access to minocycline susceptibility 
testing may be variable. There are concerns about the current minocycline breakpoints, so 
obtaining minocycline MIC is useful, with the drug only used for isolates with an MIC > 1. 
Amikacin is often used for MRS infections because of the low prevalence of resistance and its 
efficacy against staphylococci. It is potentially nephrotoxic, yet it is widely used with few 
adverse effects. If the patient has normal renal function and hydration, the likelihood of 
nephrotoxicity is low. Monitoring urine specific gravity (baseline, then q3-7 days) can detect the 
onset of renal disease, which is typically reversible if identified early and aminoglycoside 
administration is ceased.  

The use of drugs such as vancomycin, linezolid, tigecycline and quinupristin-dalfopristin, 
that are important for treatment of serious multidrug infections in humans, raises many ethical 
questions that are difficult to answer. Concerns about the use of these drugs include increased 
pressure towards resistance and subsequent transmission to humans, since transmission of MRSP 
and MRSA can occur in households and veterinary clinics. These concerns are often matched 
with concerns about animal health and welfare if proper treatment is not provided and the fact 
that animal use compromises a miniscule percentage of overall use of drugs such as these. There 
is currently no consensus on the topic. At a minimum, these drugs should be reserved for 
situations where there are no other viable treatment alternatives, where the infection is not 
amenable to other (i.e. local) therapy and where the infection is life-threatening but potentially 
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treatable. Prior to considering drugs such as these, all other therapeutic options should be 
considered. Currently, it is rare to require drugs such as these because there is almost always 
another treatment option. 

There is no evidence that infections caused by methicillin-resistant strains need longer or 
otherwise different treatment compared to infection caused by susceptible strains once 
appropriate antimicrobial therapy is started. Duration of therapy has been inadequately assessed 
for orthopedic SSIs in dogs, and duration depends in the severity of infection, whether there is 
any done involvement and whether the implant has been removed.  

 
Topical therapy 

Topical antimicrobial therapy may be a useful adjunctive or sole therapy for superficial 
SSI because of the ability to deliver high concentrations of antimicrobial directly to the site of 
infection, with minimal systemic exposure. Drug such as mupirocin and fusidic acid are 
increasingly available and might be useful for treatment of focal superficial infections. Topical 
therapy alone is ineffective for SSIs with a deep component because of the inability of the drug 
to reach the site of infection. Topical therapy could be an adjunctive treatment in cases with deep 
and superficial involvement. 

Direct topical application of biocides may also be a potential option for some superficial 
infections. Available options include chlorhexidine, povidone iodine and benzoyl peroxide gel.9 
Other compounds such as accelerated hydrogen peroxide have also been proposed as topical 
therapies but there is currently little information about their use. Silver-coated or honey dressings 
may also be useful   

 
Local Antimicrobials 

Local or regional administration of antimicrobials can deliver high antimicrobial 
concentrations that could overcome some degree of antimicrobial resistance and achieve high 
drug levels in some areas that are hard to reach with systemic therapy. This can include 
intrarticular injection of antimicrobials (e.g. amikacin), regional limb perfusion and local 
administration of antimicrobial impregnated beads, collagen sponges10 or other matrices. 

 
Surgical intervention 
 Multiple different types of surgical intervention must be considered. Initial surgical 
intervention may be required to determine the extent of disease and allow for thorough lavage. 
Placement of antimicrobial-impregnated materials may occur at this time and/or through 
subsequent procedures. Ultimately, medical therapy can often only control, not eliminate, an 
implant-associated infection. Implant removal rates following TPLO infection are high and it is 
most likely that the implant will need to be removed following any deep TPLO SSI, in large part 
because of bacterial colonization of the implant and subsequent biofilm formation, which 
complicates treatment. Prompt plate removal is ideal following osteotomy healing.  
Antimicrobial therapy is used to control the infection and allow for bone healing until the point 
that the implant can be removed. 
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