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Abstract: Methicillin-resistant Staphylococcus aureus infection is currently the most common skin infection identified in human 
emergency rooms, and the development of methicillin resistance is increasing in veterinary medicine. This article reviews the current 
knowledge about methicillin-resistant Staphylococcus infections in human medicine as well as the limited information available in 
veterinary medicine, including options for diagnosis, treatment, and prevention.

Methicillin-Resistant  
Staphylococcus Infections

Staphylococci are gram-positive organisms that are morpho-
logically characterized by a cell wall, a single cytoplasmic 
membrane, and cytosol.1,2 Staphylococci are normal flora of 

domestic animals; they are generally not invasive and colonize 
intact epithelium without causing disease.1,2 (A person or animal 
that carries an infectious agent on his or her body but does not 
exhibit signs of disease is said to be colonized.) Infection occurs 
when the bacteria are found in abnormal locations and precipitate 
tissue inflammation and pathogenic changes.1,2 Before the devel-
opment of penicillin, Staphylococcus infections were associated with 
high morbidity and mortality.3 

Penicillin was first used widely as the initial therapy for Staph-
ylococcus aureus infections during World War II. It is a β-lactam 
antibiotic that acts by binding to transpeptidase, which is involved 
in cell wall peptidoglycan synthesis, thereby disrupting the formation 
of bacterial cell walls and causing cell death.4 However, within 10 
years of its introduction, penicillin began to wane in effectiveness 
against Staphylococcus infections because of bacterial acquisition 
of plasmid-encoded β-lactamase, an enzyme that inactivates the 
lactam ring of β-lactam antibiotics.4 Methicillin was hailed as a 
means to counteract β-lactamase resistance; however, methicillin-
resistant S. aureus (MRSA) was first identified in 1961 just 2 years 
after methicillin was introduced.5 

Methicillin-resistant Staphylococcus (MRS) infections are caused 
by Staphylococcus spp that are resistant to all currently available 
β-lactam antimicrobials and carbepenems.6 MRS species have 
acquired a mobile genetic element known as the staphylococcal 
cassette chromosome (SCC).6 The SCC carries a gene (the mecA gene) 
that encodes for the production of an altered penicillin-binding 

protein (PBP2a).7 This protein is able to perform all of the required 
cellular functions but does not allow binding of β-lactam antimi-
crobials.7 The SCC also contains insertion sequences that allow 
incorporation of additional antimicrobial resistance markers.8–10 
These insertion sequences are why many MRS are resistant to 
non-β-lactam antimicrobials that act through mechanisms other 
than interference with bacterial cell wall synthesis. 

Both methicillin-susceptible Staphylococcus spp (MSS) and MRS 
can cause serious infection 
and may possess virulence 
factors such as superanti-
genic toxins, leukocidin, and 
fibronectins.11,12 However, 
there is greater concern 
about infection with MRS 
compared with infection 
with MSS due to the diffi-
culty in identifying effec-
tive antibiotics to eradicate 
infection. As such, several 
studies in humans have re-
ported a worse clinical out-
come for patients infected 
with MRS than for those 
infected with MSS.5,13–15

MRSA
When MRSA was first re-
ported, it was commonly 

Key Points 

•	 Methicillin-resistant	Staphylococcus	
isolates	are	resistant	to	all	β-lactam	
antimicrobials	and	are	frequently	
resistant	to	many	other	antimicrobial	
classes.

•	 CA-MRSA	is	the	most	common	
pathogen	cultured	from	human	
patients	with	skin	and	soft		
tissue	infections	in	emergency	
departments.

•	 No	clinical	features	distinguish		
with	certainty	skin	and	soft	tissue	
infections	caused	by	MRSA		
from	those	caused	by	methicillin-
susceptible S. aureus.
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identified in people who were immunocompromised or critically 
ill, such as those who frequented health care facilities, were in 
contact with a person who had an MRSA infection, or had a history 
of illicit drug use.16 This type of MRSA, termed health care–associated 
MRSA (HA-MRSA), is typically associated with resistance to 
multiple antibiotics in addition to β-lactams and is reported to 
increase morbidity and mortality in people.5,17 Bacteremia is most 
commonly reported in association with HA-MRSA infections; 
pneumonia, cellulitis, osteomyelitis, endocarditis, and septic shock 
are reported less frequently.18 Mortality rates of 20% to 50% from 
HA-MRSA bloodstream infections, 55% from septic shock, and 
33% from pneumonia have been reported.18,19 

In the mid 1990s, MRSA infections began to be identified in 
people who did not have contact with the health care system.20 The 
strains causing these infections are termed community-acquired 
MRSA (CA-MRSA). These isolates are often susceptible to non-
β-lactam antimicrobials.21 Numerous reports have suggested the 
transmission of CA-MRSA in settings where people are in close 
contact, such as households,22 jails,23 and athletic facilities.24 In 
addition, CA-MRSA has been shown to persist on environmental 
surfaces in homes of colonized or infected individuals and pets.25 
There is also some concern that CA-MRSA may travel through 
the air and play a role in nasal colonization or in respiratory tract 
infections.26 The emergence of CA-MRSA strains is of great concern 
due to the apparent increased virulence of the bacteria, as appar-
ently healthy humans with no risk factors are being infected.22–26 

In most US cities, CA-MRSA is the most common pathogen 
cultured from patients with skin and soft tissue infections in 
emergency departments.27 Necrotic skin lesions are a common 
presentation and are often incorrectly attributed to bites by brown 
recluse spiders or insects.28 

Identification of MRSA Strains
MRSA strains can be described using molecular and phenotypic 
methods, although human medicine lacks a universal nomenclature 
to describe the different strains. Molecular typing methods include 
pulsed field electrophoresis, multilocus sequence typing, SCCmec 
allele identification, and staphylococcal protein A (spa) typing.29 
Phenotypic typing methods include the use of biochemical reactions, 
antibiotic susceptibility patterns, susceptibility to various phages, 
and toxin production.29 Molecular pulsed-field electrophoresis, 
SCCmec allele identification, antibiotic susceptibility patterns, 
and toxin production appear to be the most common methods 
used for description of MRSA strains in the human literature. To 
date, the veterinary data are very sparse and do not distinguish 
between CA-MRSA and HA-MRSA.

Molecular Methods
Molecular typing studies in the United States and Australia dem-
onstrated that most CA-MRSA infections are caused by one of 
several clones or pulsed-field types.30,31 In the United States, two 
clones, designated USA300 and USA400, have been identified as 
the primary types that cause CA-MRSA infections.30,31 Other strains 
of CA-MRSA include USA1000 and USA1100.19,21,30 Strains most 

frequently associated with HA-MRSA infections were USA100 
and USA200; USA500 was less common.19,21,30,31 The CA-MRSA 
clones most commonly display the presence of the SCCmec type 
IV allele; the type V allele is also reported.21,32–34 In contrast, HA-
MRSA strains usually are associated with SCCmec alleles I, II, 
and III, with type II being most common.19 

Phenotypic Methods
Phenotypically, CA-MRSA isolates are typically resistant to only 
β-lactam antibiotics, whereas HA-MRSA strains are typically  
resistant to other antibiotics as well.17,27 CA-MRSA isolates also have 
a high prevalence of genes encoding the two-component Panton-
Valentine leukocidin exotoxin.35 This exotoxin causes cytolysis and 
pore formation in phagocytic host cells and is associated with skin 
necrosis and abscess formation, although its role in the patho-
genesis of CA-MRSA infections remains controversial.35 A summary 
of the molecular and phenotypic characteristics of HA-MRSA 
and CA-MRSA is provided in TABLE 1. However, distinguishing 
between HA-MRSA and CA-MRSA is becoming increasingly 
difficult due to overlapping molecular and phenotypic characteristics 
between the two strains.36 

MRS Species in Veterinary Medicine
MRSA infections were identified in horses and cows as early as the 
1970s,37,38 but they were not reported in dogs until the 1990s.39 Most 
reported MRS infections in small animals have been associated with 
pyoderma or postoperative wound infections.40–46 Otitis, urinary 
tract infections, and arthropathies have also been reported.39,47,48  

Characteristic HA-MRSA CA-MRSA

Clinical	presentation •	 Surgical	site	
infections

•	 Invasive	(pneumonia,	
bloodstream	
infections)

•	 Skin	infections

•	 Rarely	invasive

•	 Recurrent

Epidemiology •	 Elderly

•	 Contact	with	health	
care	facilities

•	 Young

•	 Athletes

•	 Correctional	facility	
inmates

•	 Military	recruits

Antibiotic	resistance Multidrug β-lactams

Molecular	markers PVL	– PVL	+

Clone	type USA100,	USA500,	
USA800

USA300,	USA400,	
USA1000,	USA1100

SCCmec	type I,	II,	III IV,	V

CA-MRSA	=	community-acquired	MRSA,	HA-MRSA	=	hospital-acquired	MRSA,	PVL =	Panton-Valentine	
leukocidin,	SCCmec	=	staphylococcal	chromosome	cassette	mec	allele

Table 1. Comparison Between HA-MRSA and CA-MRSA Strains 
in Humans in the United States18,21,30,31,60
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Although the human literature regarding MRSA is extensive, S. 
aureus is infrequently isolated from dogs and cats, and Staphylo-
coccus pseudintermedius (formerly misclassified as Staphylococcus 
intermedius) is the Staphylococcus sp most commonly isolated from 
dogs and cats.49–51 It has been speculated that the true prevalence 
of S. pseudintermedius infection in veterinary medicine may be 
higher than that documented in the literature because these isolates 
are easily missed by routine disk diffusion and broth microdilution 
methods.52 

A rise in the frequency of oxacillin resistance and multidrug 
resistance in S. pseudintermedius isolates from dogs has been  
reported.43 Even more concerning is the finding that Staphylococcus 
schleiferi had a higher incidence of oxacillin43 and methicillin resis-
tance40 than S. pseudintermedius and S. aureus, despite S. schleiferi 
being identified less commonly in veterinary patients.53 

A comparative study found isolation rates of MRSA to be 
similar between dogs and cats, with approximately one-third of 
S. aureus isolates identified as being methicillin resistant.54 However, 
methicillin-resistant S. pseudintermedius (MRSP) and methicillin-
resistant S. schleiferi (MRSS) isolation rates were significantly 
greater in dogs than in cats. MRSS was more commonly associated 
with superficial (skin and ear canal) infections, whereas MRSA was 
more commonly associated with deep tissue infections. Although 
rates of methicillin resistance were highest in the S. schleiferi group, 
MRSS was sensitive to more classes of non-β-lactam antimicrobials 
than MRSA.54 These findings are summarized in TABLE 2. 

Diagnosis of Methicillin Resistance
Diagnosis of methicillin resistance involves bacterial culture and 
susceptibility testing of appropriate specimens. Special transport 
media are not required, and refrigerated samples survive well during 
routine transport. Oxacillin is used for in vitro testing because 
the disks have greater stability and the test results correlate better 
with the methicillin resistance of S. aureus isolates from people.40 

Other tests that can be used include polymerase chain reaction 
(PCR) assay for the detection of the mecA gene and a latex particle 
agglutination test that detects the PBP2a antigen.40 Molecular  

detection of the mecA gene using 
PCR is considered the gold stan-
dard for making a definitive di-
agnosis of methicillin resistance 
in people.55–58 However, veterinary 
studies have shown a poor cor-
relation between the presence of 
the mecA gene and PBP2a anti-
gen and methicillin resistance in 
Staphylococcus spp.40 In human 
medicine, suspicion for MRSA is 
heightened by a history of previous 
MRSA infection or contact with 
a colonized individual. However, 
many human patients have no 
apparent risk factors. In addition, 
there are no clinical features that 

distinguish with certainty skin and soft tissue infections caused 
by MRSA from those caused by methicillin-susceptible S. aureus 
in people.59 Comparison studies of lesion appearance between 
MRSA and methicillin-susceptible S. aureus infections in veterinary 
species have not been reported. 

Treatment of MRSA Infections
Treatment of CA-MRSA infections in humans depends on the 
severity of the clinical presentation and the type of skin and soft 
tissue infection. Purulent skin and soft tissue infections without 
associated systemic signs, such as fever, tachycardia, or hemody-
namic instability, are generally managed with incision and drainage 
with or without oral antimicrobial therapy.60 However, the optimal 
treatment strategy is still intensely debated in human medicine.60 

Clindamycin is active in vitro against at least 80% of CA-MRSA 
strains and has been used with success in the treatment of CA-
MRSA infections, mainly in skin and soft tissue.61,62 The disadvan-
tages of this medication include its association with diarrhea caused 
by Clostridium difficile and increasing rates of clindamycin resis-
tance in some regions of the world.63,64 In addition, the results of 
testing for clindamycin susceptibility may be misleading, as treat-
ment failures have been documented despite test results showing 
that an MRSA isolate was susceptible to clindamycin.61 Many HA-
MRSA strains have inducible resistance to clindamycin; therefore, 
clindamycin should not be used to treat these infections.65 

Tetracyclines and trimethoprim-sulfamethoxazole (TMS) are not 
recommended as sole empirical therapy for nonpurulent cellulitis 
because of concerns regarding resistance of group A streptococci 
to these agents.66 However, these antimicrobials are reasonable 
choices in cases of confirmed CA-MRSA.60 Doxycycline and mino-
cycline appear effective in the treatment of skin and soft tissue 
infections caused by CA-MRSA and have greater antistaphylococcal 
activity than tetracycline.67–69 A retrospective review of skin and 
soft tissue infections caused by CA-MRSA in people reported a cure 
rate of 83% for treatment with doxycycline.69 

Sulfa drugs are reportedly active against 90% to 100% of CA-
MRSA isolates in people.70–72 However, efficacy data to evaluate 

Characteristic
Staphylococcus 
aureus

Staphylococcus  
pseudintermedius

Staphylococcus 
schleiferi

Natural	reservoir Humans Dogs Dogs,	humans

Incidence	of	methicillin	
resistance

Low Intermediate High

Incidence	of	resistance	to	
non-β-lactam	antibiotics

High Intermediate Low

Incidence	in	dogs		
versus	cats

Equal More	commonly	identified	
in	dogs	than	in	cats

More	commonly	identified	
in	dogs	than	in	cats

Location	of	isolation Deep	infection Equal	incidence	of	superficial	
and	deep	infection

Superficial	infection	
(pyoderma,	otitis)	

Table 2. Summary of Most Common Methicillin-Resistant Staphylococcus Species  
in Veterinary Medicine39–54
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this drug therapy for CA-MRSA are inconsistent.70,71,73 In a study 
at a human outpatient clinic in Boston, the percentage of patients 
with clinical resolution of MRSA infections increased in parallel with 
TMS use.63 However, in another study, treatment failure occurred 
in 50% of patients who received double-strength TMS.73 

Resistant strains are observed rapidly when rifampin is used 
as a single agent for treatment of CA-MRSA.72 Rifampin has been 
used in combination with other antimicrobial agents that are active 
against S. aureus to treat MRSA infections.74 Rifampin achieves high 
concentrations in mucosal surfaces75 and thus has a theoretical 
benefit in that it may help eradicate MRSA carriage.76 However, 
little information is available on the benefit of adding rifampin 
for the treatment of staphylococcal infections, and drug-drug  
interactions are common.60 

Linezolid is one of the standard treatments for complicated 
skin infections and hospital-acquired pneumonia due to MRSA in 
human adults.60 However, failures of linezolid to treat endocarditis 
in human patients with intravascular MRSA have been reported.77,78 
Linezolid use has been associated with reversible myelosuppression, 

peripheral and optic neuropathy, and lactic acidosis.79,80 To limit 
the potential for widespread resistance, clinicians should reserve 
linezolid for use in more severe infections in consultation with 
an infectious disease specialist.60

In human medicine, other treatment options for CA-MRSA are 
chloramphenicol and aminoglycosides.81 Chloramphenicol can 
be used as a single-agent therapy and is typically recommended 
for central nervous system MRSA infection, although caution must 
be exercised because precipitation of bone marrow aplasia is a rare 
adverse effect. Aminoglycosides are not recommended as mono-
therapy and are associated with adverse effects such as ototoxicity 
and renal toxicity.81 Fluoroquinolones should not be used to treat 
skin and soft tissue infections caused by CA-MRSA because  
resistance to them develops readily and is widely prevalent.27 

Vancomycin is still considered the optimal treatment for hospi-
talized human patients with suspected HA-MRSA.60 However, to 
limit the risk for the development of vancomycin resistance, a 
different drug should be used if susceptibility testing indicates 
that a more rapidly bacteriocidal β-lactam agent such as oxacillin 

Agent Use as Monotherapy? Indications Adverse Effects Comments

Aminoglycosides No Prophylaxis Ototoxicity,	particularly	in	
patients	with	renal	impairment;	
nephrotoxicity,	especially	when	
combined	with	vancomycin

—

Chloramphenicol Yes Central	nervous	system		
infections

Marrow	aplasia	(rare) —

Clindamycin Yes Skin	and	soft	tissue	infections,	
bone	and	joint	effect

Clostridium	difficile	colitis	and	
antibiotic-associated	diarrhea

Rising	incidence	of	
resistance

Sulfa	drugs Yes Skin	and	soft	tissue	
infections

Bone	marrow	effects,	
immune-mediated	effects

Outcome	studies	lacking

Linezolid Yes Pneumonia,	serious	soft	
tissue	infections,	bacteremia

Bone	marrow	suppression,	
peripheral	neuropathy,	lactic	
acidosis

Consult	with	infectious	disease	
specialist	before	using

Mupirocin	 Yes	(nasal	carriage) For	eradication	of	colonization Minor High-level	resistance	

Rifampin No Bone	and	joint	infections,	
skin	and	soft	tissue	infections

Hepatic	enzyme	elevations,	
multiple	drug	interactions

Emergence	of	resistance	

Tetracyclines Yes Skin,	soft	tissue,	and	urinary	
tract	infections;	eradication		
of	carriage

Gastrointestinal	upset	 Emergence	of	resistance

Vancomycin Yes Bacteremia	(usually	reserved	
for	HA-MRSA)

Renal	toxicity	associated	with	
concurrent	aminoglycoside	use

Dose	adjustment	required	in	
patients	with	renal	impairment

aLiu	C,	Graber	CJ,	Karr	M,	et	al.	A	population-based	study	of	the	incidence	and	molecular	epidemiology	of	methicillin-resistant	Staphylococcus aureus	disease	in	San	Francisco,	2004-2005.	Clin Infect Dis	
2008;46(11):1637-1646.
bCenizal	MJ,	Skiest	D,	Luber	S,	et	al.	Prospective	randomized	trial	of	empiric	therapy	with	trimethoprim-sulfamethoxazole	or	doxycycline	for	outpatient	skin	and	soft	tissue	infection	in	an	area	of	high	prevalence	
of	methicillin-resistant	Staphylococcus aureus.	Antimicrob Agents Chemother	2007;51(7):2628-2630.
cGerson	SL,	Kaplan	SL,	Bruss	JB,	et	al.	Hematologic	effects	of	linezolid:	summary	of	clinical	experience.	Antimicrob Agents Chemother	2002;46(8):2723-2726.
dApodaca	AA,	Rakita	RM.	Linezolid-induced	lactic	acidosis.	N Engl J Med	2003;348(1):86-87.
eBressler	AM,	Zimmer	SM,	Gilmore	JL,	Somani	J.	Peripheral	neuropathy	associated	with	prolonged	use	of	linezolid.	Lancet Infect Dis	2004;4(8):528-531.

Table 3. Treatment Options for Methicillin-Resistant Staphylococcus aureus Infections in Humans60–86,a–e
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would be appropriate.60,82 Vancomycin is poorly absorbed after 
oral administration83; oral therapy with vancomycin is useful only 
against enteric organisms such as C. difficile.82 Consequently, 
parenteral administration is the only effective route. Because the 
confirmation of bacteremia by culture and susceptibility testing 
typically requires >48 hours, empiric antimicrobial therapy must 
be initiated before results are obtained. Several studies have suggested 
that poorly chosen or delayed empiric treatment of bacteremia is 
associated with a significantly higher risk of adverse outcomes.84–86 
For a summary of treatment options for MRSA infections in people, 
see TABLE 3. 

Despite the potential severity of MRSA infections, successful 
treatment is possible in veterinary medicine. Tomlin et al39 reported 
improvement or resolution of MRSA infection with oral antimi-
crobial therapy in nine of 11 dogs. Drugs reported in this case 
series included clindamycin (four dogs), fluoroquinolones (four 
dogs), amoxicillin-clavulanic acid (three dogs), trimethoprim-
sulfamethoxazole (two dogs), and metronidazole (one dog). 
Multiple antibiotics were used in four dogs.39 However, larger 
outcome studies for evaluation of treatment of MRS infections in 
veterinary medicine are lacking. As MRSA infections become 
more common, it will become increasingly important to emphasize 
submission of diagnostic samples before initiation of empirical 
antimicrobial therapy.60 Often, empirical therapy for wound and 
incisional infections involves use of β-lactam antimicrobials, 
which would be ineffective against MRSA.

Public Health Significance
Reports in human medicine suggest that animals may serve as 
reservoirs for MRSA that, in turn, can infect humans.87,88 The  
resistance patterns and genetic makeup of MRSA isolates from 
dogs and cats are generally indistinguishable from those of the 
most prevalent HA-MRSA strains in the human population.89–91 
This suggests interspecies transmission but does not indicate the 
direction of transmission, although it is assumed that animals 
become colonized through contact with colonized or infected 
humans and serve as a source of reinfection or recolonization.89,90 
This is important when examining pets owned by health care 
workers, as it is unknown whether ownership by a health care 
worker increases a pet’s risk of MRSA colonization.92,93

Although MRSP is predominantly associated with infections 
of companion animals, humans can also become infected. Human 
MRSP infection, which likely results from exposure to colonized or 
infected pets, results in difficult-to-treat infections and increased 
risk of mortality.94–97 Even when people are not directly infected 
by exposure to pets with MRSP, concern exists that MRSP may 
provide the genetic source material to convert methicillin-susceptible 
S. aureus colonizing humans into MRSA through transfer of its 
mobile SCCmec.98

Surveillance and Decolonization Strategies
Asymptomatic human colonization with MRSA is more common 
than infection, and while colonization does not necessarily lead 
to infection, it increases the relative risk of MRSA infection up to 

10-fold.99–101 Colonization may be transient or persistent.102 Routine 
screening of healthy pets for MRSA colonization is not indicated 
except when a person or a pet has recurrent infection with MRSA 
despite consistent use of suggested hygiene practices.8 The ideal 
site for collection of samples for culture from animals has not 
been determined; culture of nasal or perineal swabs is usually 
recommended.103,104 However, even when a colonized human or 
animal is identified, there is no clear course of action.60 

MRSA decolonization involves using antimicrobials or anti-
septics to eliminate or reduce the burden of MRSA.105 A study 
quantified the effect of chlorhexidine bathing and intranasal mu-
pirocin therapy for decolonization of MRSA-colonized human 
patients in a 16-bed medical coronary intensive care unit.106 
Compared with a baseline period during which all MRSA cases 
were identified through active surveillance, the intervention was 
associated with a 48% decrease in MRSA colonization and infection. 
Active screening and strict implementation of infection control 
protocols in two equine facilities resulted in a rapid reduction in 
the number of colonized horses and eradication of MRSA colo-
nization on one farm.107 More recently, a study reported that high 
rates of nasal colonization among veterinary personnel were  
associated with increased numbers of MRSA infections in small 
animal patients. Consequently, surveillance protocols were rec-
ommended for nosocomial infection control.108

Prevention of MRSA Transmission
Studies in human medicine have found that institution of MRSA 
prevention practices among health care workers can decrease the 
rate of MRSA transmission in individual facilities as well as across 
a large population of people.109–111 The most critical step for reduc-
tion in MRSA transmission is hand hygiene. In veterinary practice, 
this means that caretakers should wash their hands thoroughly 
after handling any animal and between handling different animals. 
Pittet et al112 identified hand hygiene as a simple but key infection 
control measure to reduce nosocomial and MRSA infections. In 
their study, a hospital-wide hand hygiene program that increased 
hand hygiene compliance from 48% to 66% was associated with 
halving the MRSA transmission rate and decreasing the nosoco-
mial infection rate. These findings have been confirmed by other 
studies.113,114 Specific means of hand hygiene have been described 
elsewhere, although the use of alcohol-based hand rubs has been 
shown to reduce MRSA rates and is the standard of care recom-
mended by the Centers for Disease Control and Prevention.60,115 

The hospital environment acts as a major reservoir for MRSA, 
which can survive up to months on inanimate surfaces, depending 
on environmental conditions.107,116,117 MRSA is readily removed 
from surfaces by disinfectants commonly used in hospitals; lack 
of adherence to cleaning protocols and ongoing recontamination 
of surfaces seem to be responsible for the persistence of environ-
mental reservoirs.118,119 An observational study of intensive care 
units in 16 hospitals found that only 57.1% of standardized envi-
ronmental sites in patient rooms were cleaned after patient dis-
charge, and many of the areas missed were at high risk of micro-
bial contamination, such as toilet handles, doorknobs, and light 
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switches.120 Guidelines proposed by Leonard and Markey29 for 
control measures for MRSA infection in animals are summarized 
in TABLE 4. 

Conclusion
MRSA is currently the most common skin infection in human 
medicine, even in patients with no exposure to health care facili-
ties.60 Methicillin resistance is increasing in veterinary medicine, 
although the most commonly identified MRS species is S. pseud-
intermedius.43,49–51 The optimal management strategy remains 
unclear, but increased awareness and submission of appropriate 
samples for culture and susceptibility testing are critical to instituting 
appropriate antimicrobial therapy and obtaining a successful out-
come.60 Hand hygiene is a simple and effective means of reducing 
MRSA transmission rates.60,115 
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Control Measure Recommendation

Prevent	introduction	
of	infection

Screen	all	incoming	cases	for	infection	via	nasal	
swab	at	admission	and	isolate	until	negative	status	
established

Prevent	zoonosis		
and	reverse	zoonosis

•	 Use	hand	hygiene	(alcohol-based	hand	rubs)

•	 Cover	wounds	and	skin	lesions

•	 Use	gloves,	masks,	eye	protection,	disposable	
aprons	for	contact	with	wounds,	body	fluids,	or	
contaminated	areas

•	 Use	strict	aseptic	technique	during	surgery

•	 Screen	staff	for	MRSA	colonization

Prevent	transmission	
from	animal	to	animal

Isolate	all	suspected	cases	of	MRSA	infection

Prevent	indirect	
transmission

•	 Disinfect	environment,	particularly	high	contact	
areas	(light	switches,	cage	doors,	etc.)

•	 Use	dedicated	thermometers,	leads,	and	other	
handling	equipment	for	known	positive	or	
suspected	cases

Table 4. Summary of Control Measures for MRSA Infection 
and Colonization in Animals29 
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Methicillin-Resistant Staphylococcus Infections

1.  What is the typical mechanism of methicillin resistance?

a. alteration of the penicillin-binding protein

b. altered ion flux

c. decreased penicillin uptake

d. development of biofilm

2. Which is not a common characteristic of HA-MRSA?

a. associated with surgical site infections

b. associated with pneumonia or bloodstream infections

c. resistance to β-lactam antibiotics only

d. lacks the Panton-Valentine leukocidin gene

3. Which is not a common characteristic of CA-MRSA?

a. associated with skin infections

b. associated with pneumonia

c. high incidence of resistance to β-lactam antibiotics only

d. presence of the Panton-Valentine leukocidin gene

4. What is a CA-MRSA skin lesion most commonly mistaken 
for in human emergency departments?

a. spider or insect bite

b. necrotizing fasciitis

c. malignant melanoma

d. trauma

5. What is the most common Staphylococcus spp isolated 
from dogs? 

a. S. aureus

b. S. pseudintermedius

c. S. schleiferi

d. MRSA

6. S. schleiferi ’s natural reservoir(s) is/are

a. humans.

b. dogs.

c. cats.

d. a and b

7. What Staphylococcus sp has the highest incidence of 
methicillin resistance in canine isolates? 

a. S. aureus

b. S. pseudintermedius

c. S. schleiferi

d. They have equal incidence.

8. Which is not recommended for treatment of a confirmed 
skin or soft tissue CA-MRSA infection in humans?

a. tetracyclines

b. TMS

c. clindamycin

d. fluoroquinolones

9. Which is the recommended antibiotic for a confirmed  
HA-MRSA infection in humans?

a. vancomycin

b. TMS

c. clindamycin

d. tetracyclines

10. What is the recommended route of administration for 
vancomycin?

a. parenteral

b. oral

c. either parenteral or oral

d. none of the above
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