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Etiology
Staphylococcus aureus is a Gram positive, coagulase positive coccus in the fam-

ily Staphylococcaceae. Methicillin-resistant S. aureus (MRSA) strains are resistant to 
methicillin and essentially all other beta-lactam antibiotics. MRSA isolates are geneti-
cally heterogeneous.1 Some strains, which are called epidemic strains; are more preva-
lent and can spread within or between hospitals and between countries.2 

MRSA was fi rst reported in 1961, soon after methicillin was introduced into human 
medicine to treat penicillin-resistant staphylococci.1-5 MRSA has since emerged as an 
important pathogen in human medicine.1,2,4,5 Methicillin-resistant strains of S. aureus 
were fi rst reported as nosocomial infections in human hospitals. Since the 1990s, they 
have also become an increasing concern in people who have not been hospitalized or 
recently had invasive procedures; MRSA strains that cause such infections are called 
community acquired MRSA.2,5,6 Community-acquired MRSA strains may have distinct 
microbiologic and genetic properties compared with hospital-associated strains.7 They 
tend to cause different types of infections and differ in their typical antibiotic resistance 
profi les, characteristics discussed in more detail below.5-10 

More recently, MRSA has become a concern in veterinary medicine. S. aureus is 
not a common bacterial species in animals, and the importance of MRSA in veterinary 
medicine is not well established.5 However, MRSA outbreaks in horses suggest that this 
organism might be an emerging problem in the equine population.5,6,11-13 Both nosoco-
mial and community-acquired MRSA infections have been reported in horses.5,12-15 Spo-
radic cases and small outbreaks have also been reported in other species including dogs 
and cats.2,3,8,14,16-32 In most feline and canine MRSA infections, either the owner or the 
animal had a link to the hospital environment.3 Recently, there have been reports of pos-
sible community-acquired infections in dogs and cats at three referral centers; 16 of 19 
cases had no links to human hospitals or nursing homes.3 Probable community-acquired 
infections have also been reported in cattle and chickens.2,20

There are also concerns about MRSA as a possible zoonosis. Both human-to-animal 
and animal-to-human transmission are known to be possible; however, it has not yet been 
determined whether animals are an important primary source of MRSA infections for 
humans, or if most animals are colonized after contact with human carriers.3,12,14,21,23,30-32 
Some authors conclude that currently the risk to human health from zoonotic MRSA 
seems to be very small.3 

Mechanisms of methicillin resistance
Beta lactam antibiotics (e.g. penicillins and cephalosporins) damage bacteria by 

inactivating penicillin binding proteins (PBPs), enzymes that are essential in the assem-
bly of the bacterial cell wall.4 Four native PBPs are found in staphylococci; all four can 
be inactivated by these antibiotics.4 As a result of the weakened cell wall, treated bacteria 
become osmotically fragile and are easily lysed. The staphylococcal beta-lactamase pro-
tein, which cleaves the beta-lactam ring structure, confers resistance to penicillin but not 
to semi-synthetic penicillins such as methicillin, oxacillin, or cloxacillin.

Acquisition of the mecA gene, which codes for the penicillin binding protein PBP2a, 
confers virtually complete resistance to all beta-lactam antibiotics including the semi-
synthetic penicillins.4,5 PBP2a has a very low affi nity for beta-lactam antibiotics, and is 
thought to aid cell wall assembly when the normal PBPs are inactivated.3,4 The mecA 
gene is found on a large mobile genetic element called the staphylococcal chromosomal 
cassette mec (SCCmec).5,31 Four SCCmec types have become widespread.5,31 MRSA car-
rying SCCmec type I spread across the world in the 1960s, SCCmec II in the 1970s, 
SCCmec III in the 1980s, and SCCmec type IV in the 1990s.31 Other SCCmec types are 
also found in limited geographic areas.31

The presence of the mecA gene defi nes MRSA; however, some studies do not test 
for this gene, and defi ne MRSA by antibiotic susceptibility testing.31 Caution must be 
used when using susceptibility testing as the criterion for MRSA, as some testing meth-
ods can overestimate methicillin resistance.3
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Vancomycin-resistant MRSA
MRSA strains, particularly hospital-acquired strains, are 

often resistant to other antibiotics as well as beta-lactams. 
Many hospital-acquired MRSA isolates are only susceptible 
to vancomycin.1 Thus, there are strong concerns about the 
possible development and spread of vancomycin resistance 
in MRSA. Some vancomycin-resistant MRSA strains have 
been reported since 1996.10,33

Other Staphylococci that carry mecA
Staphylococci other than S. aureus can also be involved 

in disease in animals and occasionally humans. Phenotyp-
ic methicillin resistance and/or the mecA gene have been 
reported in a few strains of S. intermedius, S. felis, S. schleif-
eri, S. simulans, S. sciuri, S. hominis, S. xylosus, S. haemo-
lyticus, S. epidermidis, and S. saprophyticus isolated from 
animals. 3,19,20,34-36 Some of these species can cause rare zoo-
notic infections.3,37

In addition, there are concerns about the potential trans-
fer of mecA from animal to human staphylococci.3 MRSA 
strains appear to have evolved independently many times by 
gene transfer of the mecA gene into different strains of meth-
icillin-susceptible S. aureus.1 In addition, transfer of some 
genes between human, mouse, and dog staphylococcal spe-
cies has been reported, and there is some molecular evidence 
that gene transfer may have occurred between S. intermedius 
and S aureus.3 Thus, it may be possible for mecA genes from 
MR-staphylococci in animals to be transferred to humans. 
To date, this has not been reported.

Staphylococcus aureus virulence factors and 
toxins

Virulence factors found in S. aureus allow it to adhere 
to surfaces, damage or avoid the immune system, and cause 
toxic effects.38 All strains of S. aureus can cause purulent 
infections. In addition, some strains produce exotoxins that 
can cause several unique diseases. Strains that carry the toxic 
shock syndrome toxin 1 (TSST-1), a superantigen, can cause 
toxic shock syndrome.39 Strains that produce exfoliative tox-
ins A or B, which cause the superfi cial dead skin layers of the 
epidermis to separate from the living layers, can cause scald-
ed skin syndrome. In addition, S. aureus can produce several 
enterotoxins when it grows in food. These preformed toxins 
cause staphylococcal gastroenteritis (food poisoning) when 
they are ingested.40 The enterotoxins are also superantigens 
and can cause toxic shock syndrome if they are released sys-
temically. MRSA isolates that carry TSST-1, exfoliative tox-
ins, or enterotoxins have all been reported.41-47

In addition, some strains of S. aureus carry Panton-Val-
entine leucocidin (PVL), a two-component, pore-forming 
cytotoxin that can cause tissue necrosis, leukocyte destruc-
tion, and severe infl ammation.32,38 The PVL genes have been 
found in community-acquired MRSA infections in many 
countries.32 Strains that carry PVL have been associated 
with skin and soft tissue infections such as abscesses, furun-
culosis, and cellulitis, as well as severe necrotizing pneu-

monia.32,38 PVL-positive MRSA strains have been involved 
in severe disease among children and young adults, and 
have been found in outbreaks of severe skin infections in 
homosexual men and prison inmates.32,38 There are fears that 
PVL-MRSA might also emerge in human hospital-acquired 
infections.32 In addition, PVL-positive MRSA strains have 
been associated with clinical disease and serious infections 
in a few dogs, a cat, a rabbit, and a parrot.26,32

Geographic Distribution
Methicillin-resistant S. aureus (MRSA) can be found 

worldwide.2,3,6,13,31

Transmission
In humans, S. aureus is an opportunistic pathogen.39 

Both methicillin-sensitive and methicillin-resistant strains 
can be found as normal commensals on the skin, nasophar-
ynx, anterior nares, and perineum of some of the popula-
tion.3,30,39 Colonization with S. aureus can occur any time 
after birth.3 Colonization may be transient or persistent; 
some cases have been reported to last for years.3 

Transmission of S. aureus or MRSA usually occurs by 
direct contact, often via the hands, with colonized or infect-
ed people.2,7,30,39 In human hospitals, colonized and infected 
human patients are the main reservoirs for MRSA, and this 
organism is typically spread from patient to patient on the 
hands of staff.3,12,39 In one hospital outbreak, contaminated 
food appeared to be the source of infection for a patient with 
septicemia.48 Aerosol transmission was also reported in this 
outbreak.48 Community-acquired MRSA has been reported 
to spread by direct contact, in aerosols, and on fomites.3,72 
In addition, S. aureus can be transmitted from the mother to 
her infant during delivery.39 The possibility of transmission 
of community-acquired MRSA in foods of animal origin has 
also been proposed.2

Asymptomatic colonization with MRSA, including nasal 
carriage, has also been reported in animals.5,6,12,14,15,23,29,30,32 
Colonized or infected animals can serve as reservoirs for 
disease in themselves or other animals.12 In addition, they 
may be able to serve as reservoirs for human infections.3 
The potential for zoonotic transmission by direct contact is 
generally accepted.3 However, the clinical signifi cance is 
controversial.3 Currently, it is not known whether animals 
are a primary source of MRSA infections for humans, or if 
most animals are colonized after contact with human carri-
ers.32 The importance of human-to-animal transmission may 
also vary with the species. While there is evidence that some 
MRSA strains may be spreading in equine populations, 
most canine and feline infections are, at present, probably 
acquired from humans.3,5,11,12

Transmission between people and animals seems to be 
uncommon.2,3 There are a few reports of indistinguishable 
MRSA strains shared between humans and companion ani-
mals in their household. In one case, a MRSA outbreak in a 
nursing home was followed by asymptomatic nasal carriage 
in a nurse who worked there.31 Although she was successfully 
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treated to eliminate carriage, the same strain later recurred. 
When her family was investigated, the same isolate was 
found in the asymptomatic family dog as well as her healthy 
infant daughter. In another case, repeated MRSA infections 
occurred in a woman who also carried MRSA in her throat.32 
Although she was successfully cleared of the carrier state 
for 6 months, she eventually became a carrier again. The re-
colonization is thought to have occurred from her husband, 
son, or dog, which all carried the same isolate. In a simi-
lar case, recurrent MRSA infections were seen in a diabetic 
patient and his wife; both people and the asymptomatic fam-
ily dog carried the same strain in their nasal cavity.23 In each 
of these three cases, the asymptomatic dog served as one 
reservoir for the bacteria, and MRSA was eradicated from 
the humans only when the dogs as well as the humans were 
included in the treatment.23,31,32 A cat was also implicated as a 
reservoir for continued transmission during an outbreak in a 
geriatric nursing facility.29 This cat was thought to have been 
colonized from humans during the outbreak. When it was 
removed from the ward and infectious disease measures to 
control the MRSA were introduced, the outbreak resolved.

In some cases, asymptomatic human carriers seem to 
have transmitted MRSA isolates to animals in veterinary 
hospitals. At one veterinary clinic in Ireland, fi ve identical 
MRSA isolates were reported from canine surgical cases, 
and a veterinarian at the clinic was a carrier of the same 
strain.21 The genetic pattern of the isolate resembled that of 
a common human epidemic strain of MRSA (EMRSA-15). 
A retrospective analysis suggested that this organism had 
probably been present in the clinic for 2 years before it was 
detected. Although it could not be proven, the timing of the 
infections suggested transmission from humans to animals. 
EMRSA-15 transmission was also documented between 
asymptomatic nasal carriers on the staff of a university small 
animal hospital and dogs with clinical disease.14 In this study, 
the timing suggested that at least two dogs may have been 
infected from human carriers; however, whether the strain 
originated in the index case (an infected dog) or a human 
carrier is unknown. Shared isolates between humans and 
horses, with probable human-to-animal transmission, were 
also reported at a midwestern veterinary teaching hospital.30 
Similarly, two of 43 staff were found to be long term MRSA 
carriers during an outbreak at a university veterinary hospi-
tal in Vienna in 2004 and 2005; the human isolates could not 
be distinguished from the isolates found in infected horses.6

Rare cases of probable animal-to-human transmission 
have also been reported. During an outbreak at a veterinary 
teaching hospital in Ontario, the timing of the cases suggest-
ed that both horse-to-human and human-to-horse transmis-
sion had occurred.5 Twenty-six staff were asymptomatically 
colonized; indistinguishable subtypes were isolated from 
horses that had recently been under the care of all but 3 of 
the colonized staff. A tattoo infection occurred in one veteri-
narian; the same isolate was seen in two horses that had been 
under that person’s care for a week before the wound infec-

tion developed. At the same hospital, skin lesions were later 
reported in three personnel who had contact with a sick foal 
colonized by MRSA at admission.12 Infection or coloniza-
tion was observed in people after as little as 4 hours of close 
contact with the foal. The predominant isolate found at this 
hospital is CMRSA-5.5,11-13 There has been some speculation 
that this strain might be particularly well-adapted to trans-
mission in horses.11

Disinfection
S. aureus is susceptible to various disinfectants includ-

ing 1% sodium hypochlorite, glutaraldehyde, formaldehyde, 
and a combination of iodine and alcohol.39 This organism is 
also susceptible to moist heat (121° C for a minimum of 15 
min) or dry heat (160-170° C for at least 1 hour).39 

In the environment, S. aureus can be found for up to 42 
days in carcasses and organs and 60 days in meat products.39 
It remains viable for 46 hours on glass, 17 hours in sunlight, 
and less than 7 days on fl oors. 39 S. aureus enterotoxins are 
stable at boiling temperatures.39

Infections in Humans

Incubation Period
The incubation period for S. aureus infections in humans 

is highly variable.39 Although many infections become appar-
ent in 4 to 10 days, asymptomatic colonization is common 
and disease may not occur until several months after coloni-
zation.39 Staphylococcal food poisoning typically becomes 
apparent after 2-4 hours, but the incubation period can vary 
from 30 minutes to 8 hours.39

Clinical Signs
MRSA can cause the same types of infections as other 

isolates of S. aureus. This organism causes a wide variety 
of skin and soft tissue infections including impetigo, fol-
liculitis, furunculosis, cellulitis, abscesses, and wound infec-
tions.2,7,8,38,39,49 MRSA can also cause invasive infections such 
as pneumonia, endocarditis, septic arthritis, osteomyelitis, 
meningitis, and septicemia. 1,2,7-9,38,39 Strains of S. aureus that 
carry the exotoxin TSST-1 can cause toxic shock syndrome, 
a life-threatening disease characterized by a sudden onset of 
high fever, rash, desquamation, hypotension, and multiple 
organ failure.1,39 MRSA strains have been found in some cas-
es of toxic shock syndrome, particularly in Japan.42-44 MRSA 
has also been found in cases of staphylococcal scalded skin 
syndrome in infants and adults.41,43,46,47 This disease, which 
is caused by strains that carry exfoliative toxins A or B, is 
characterized by widespread blistering and loss of the outer 
layers of the epidermis.39 Staphylococcal scalded skin syn-
drome usually occurs in children. In adults, this disease is 
usually associated with immunosuppression.43

Acute staphylococcal gastroenteritis (food poisoning) 
can be caused by contamination of food with S. aureus. 
Staphylococcal food poisoning usually develops abruptly.40 
The symptoms may include nausea, vomiting, diarrhea, 
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abdominal cramps, prostration and, in severe cases, head-
ache and muscle cramps.39 Most people recover in 1-3 days, 
although some may take longer.39,40 MRSA has been isolated 
in some cases of staphylococcal gastroenteritis.45 However, 
as this disease is self-limiting and caused by a preformed 
toxin in food, methicillin resistance is unimportant in treat-
ment.

Hospital vs. community-acquired MRSA infections
Hospital- and community-acquired MRSA, which 

occur in different populations, tend to cause different types 
of infections. Hospital-acquired MRSA can cause a wide 
variety of infections, from surgical site infections to inva-
sive disease.2 These strains are major causes of nosocomial 
infections associated with indwelling medical devices and 
surgical sites.8 Human community-acquired-MRSA infec-
tions are mainly associated with superfi cial skin or soft 
tissue disease.5-7,9,49 However, some community-acquired 
MRSA strains have caused disease, including severe sepsis 
and pneumonia, in other body systems.7,9 

Zoonotic MRSA
Zoonotic MRSA can presumably cause the same types 

of infections as other MRSA. To date, zoonotic transmission 
has been associated with asymptomatic human colonization 
as well as wound infections and skin disease.5,12,13,31 Report-
ed skin lesions include folliculitis, small lesions suggestive 
of excoriation with mild infl ammation, lesions suggestive of 
impetigo, and infection in pre-existing eczema.12

Communicability
A colonized or infected person can transmit MRSA to 

other people, mainly by direct contact.2,39 Humans can spread 
S. aureus as long as the carrier state persists or the clinical 
lesions remain active.39

Diagnostic Tests
S. aureus infections are diagnosed by culture of the 

infection site, while staphylococcal food poisoning is diag-
nosed by examination of the food for the organisms and/or 
toxins.7,40 S. aureus is a Gram positive, non-spore forming 
coccus. It may be found singly, in pairs, in short chains, or 
in irregular clusters.50 The colonies are circular, smooth, and 
glistening.50 On blood agar, they are usually beta-hemo-
lytic.50 Young colonies are colorless; older colonies may be 
shades of white, yellow, or orange.50 Biochemical tests such 
as the coagulase test are used to differentiate S. aureus from 
other staphylococci. S. aureus can also be identifi ed with the 
API Staph Ident system.

If S. aureus is isolated from an infection, genetic testing 
or antibiotic susceptibility testing should be done to identify 
MRSA.7 Fluoroquinolone-resistant S. aureus strains should, 
in particular, be suspected of being MRSA.31 Genetic tests 
to detect mecA, such as polymerase chain reaction (PCR) 
assays, are the ‘gold standard’ for identifi cation; however, 
such tests may not be widely available outside reference 
laboratories.10,31,51 A latex agglutination test can be used to 

detect PBP2a.10,51 Antibiotic susceptibility tests such as the 
agar screen test, disk diffusion test, or MIC determination 
can also be used to identify MRSA.2,10,31,51 Most antibiotic 
susceptibility tests use oxacillin or cefoxitin, as methicillin is 
no longer commercially available in the United States.10 Anti-
biotic susceptibility testing has some drawbacks compared 
to detection of mecA or PBP2a. Methicillin-susceptible and 
resistant subpopulations can co-exist in vitro; although all of 
the colony carries the resistance genes, only a small num-
ber may express the resistance in culture.10 The expression 
of resistance in phenotypic tests can also vary with growth 
conditions such as temperature.51 In addition, some suscep-
tibility tests can overestimate methicillin resistance; isolates 
that do not carry mecA (and thus, are not MRSA) can appear 
to be phenotypically resistant to methicillin.51 

Clones or strains of MRSA are differentiated by genetic 
tests such as pulsed-fi eld gel electrophoresis (PFGE), SCC-
mec typing, and DNA sequencing of the X region of the pro-
tein A gene (spa typing).5 

Treatment
Some MRSA skin infections such as abscesses can 

sometimes be treated by incision and drainage, or other man-
agement techniques that do not require antibiotics. 7,39 Inva-
sive staphylococcal infections require antibiotics.7,39 

Very few antibiotics are effective in treating infections 
caused by hospital-acquired MRSA.24 All MRSA strains 
are considered to be resistant to penicillins, cephalosporins, 
cephems, and other ß-lactam antibiotics (such as ampicil-
lin-sulbactam, amoxicillin-clavulanic acid, ticarcillin-cla-
vulanic acid, piperacillin-tazobactam, and the carbapenems) 
regardless of the susceptibility testing results.2,30 In addition, 
hospital-acquired MRSA strains are frequently resistant to 
most common antibiotics including tetracycline, amino-
glycosides, macrolides, chloramphenicol, and fl uoroquino-
lones.2,10,30 Since 1996, vancomycin-resistant MRSA strains 
have also been found.10,33 In contrast, community-acquired 
MRSA strains are often resistant only to ß-lactam agents and 
erythromycin.10 

Antibiotic treatment should be based on susceptibility 
testing. Serious MRSA infections are often treated with van-
comycin, linezolid, and daptomycin.10 Some strains are also 
susceptible to trimethoprim/sulfamethoxazole, gentamicin, 
or rifampin, but these drugs are not typically used as fi rst-
line treatment in human MRSA infections.10

Staphylococcal food poisoning, which is caused by 
toxins, is self-limiting and is not treated with antibiotics.39,45 
Supportive therapy may be given, if needed.

Prevention
Screening of healthcare workers and treatment for intra-

nasal carriage can reduce the risk to patients.9 Pets in hospi-
tal or nursing home environments should be monitored for 
MRSA as if they were part of the staff.3 Screening of patients 
also reduces MRSA reservoirs and decreases the risk of nos-
ocomial transmission.10 Intranasal mupirocin can be used to 
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eliminate nasal carriage of MRSA in humans.21 This treat-
ment is not always successful; the organism may be reintro-
duced by carriage in other parts of the body, and resistance 
to mupirocin can occur.21 If other family members or pets are 
also carriers, they should be treated simultaneously.3,31 

Good hygiene, particularly hand washing, is impor-
tant in preventing transmission of MRSA.9,10,21 Specifi c 
guidelines have been published by the Healthcare Infection 
Control Practices Advisory Committee and the HICPAC/
SHEA/APIC/IDSA Hand Hygiene Task Force.52

The risk of staphylococcal food poisoning can be 
decreased by keeping hot foods at 60°C (140°F) or above, 
and cold foods at 7.2°C (45°F) or below.40

Morbidity and Mortality
Approximately 25-50% of the human population is 

a nasal carrier of S. aureus.3,7,39 The prevalence of MRSA 
strains varies with the geographic region.2,6 In the U.S., 
approximately 1% of the population carries MRSA.7 In con-
trast, more than 50% of human S. aureus isolates are methi-
cillin resistant in Korea.2

MRSA accounts for 30-40% of all hospital-acquired 
infections in humans, and is one of the most prevalent 
nosocomial pathogens worldwide.2,3,14 Nosocomial MRSA 
infection rates reported in human hospitals are 5.9 per 1000 
admissions in France, 4.7 per 1000 admissions in Hong 
Kong, 0.76 per 1000 admissions in Ontario, 0.53 per 1000 
admissions in Taiwan, and 1.7 per 1000 admissions in the 
US.12 Risk factors for MRSA include hospitalization, resi-
dence in a long-term care or assisted living facility, dialysis, 
and the presence of indwelling percutaneous catheters or 
other medical devices.8 Most MRSA infections are seen in 
high risk patients, including the elderly and people with open 
wounds.11 Patients in ICUs are particularly susceptible.3,12 
Healthcare-associated MRSA infections are becoming more  
prevalent.3,6 In the U.S., MRSA accounted for 2.4% of noso-
comial infections in the late 1970s, 29% in 1991, and 43% in 
2002.3 Toxic shock syndrome caused by MRSA is rare in the 
U.S. and Europe, but it is more common in Japan.44

Community-acquired MRSA infections are also becom-
ing prevalent.5,6,31 Although these infections initially appeared 
in high-risk populations such as intravenous drug users, peo-
ple in nursing homes, and those who were chronically ill, 
they are now reported even in healthy children.3 Outbreaks 
have been seen in various closed living groups including 
athletes, military recruits, children, homosexual men, and 
prisoners.7 Factors that have been associated with the spread 
of community-acquired MRSA skin infections include close 
skin-to-skin contact, cuts or abrasions, contaminated items 
and surfaces, crowded living conditions, and poor hygiene.7 
PVL-positive strains, which have been associated with some 
outbreaks and serious human infections, are a particular 
concern. A small percentage of S. aureus strains currently 
appears to carry the PVL genes. In one U.K. survey, 1.6% 

of S. aureus were PVL-positive and 47% of these isolates 
were MRSA.38 

As with all bacterial infections, the mortality rate varies 
with the syndrome. Lower mortality rates would be expected 
in superfi cial infections and high mortality rates in septice-
mia and other serious invasive diseases. The mortality rate 
also depends on success in fi nding an effective antibiotic for 
the strain.

Infections in Animals

Species Affected
MRSA infections have been reported in dogs,3,14,19-

28,31,32,37 horses,5,6,11-15,27,30 cats,3,8,22,26-29 cattle,2,16,17,20 sheep,18 
rabbits,26 chickens,2 and a parrot26. MRSA that carry PVL 
were reported in animals for the fi rst time in 2005; these 
strains have been found in dogs, a cat, a rabbit, and a par-
rot.26

Incubation Period
As it does in humans, the incubation period for animal 

MRSA infections varies with the syndrome. Animals can be 
colonized for variable periods of time without developing 
clinical disease.

Clinical Signs
MRSA has been found in asymptomatic carriers includ-

ing dogs, cats, horses, and other animals.3,5,13,14,23,29,31,32 
S. aureus can cause a wide variety of suppurative infec-

tions in animals.2 MRSA has been isolated from a variety of 
skin and wound infections including abscesses, dermatitis, 
postoperative wound infections, fi stulas, and intravenous 
catheter or surgical implant infections.2,3,5,6,8,13-15,21,25,30 Less 
frequently, it has been found in cases of pneumonia, rhinitis, 
bacteremia, septic arthritis, osteomyelitis, omphalophlebitis, 
metritis, and mastitis.5,6,13-18 MRSA was also isolated from 
a suppurative area in chicken meat and from the joints of a 
chicken with signs of arthritis.2

Communicability
MRSA from infected animals and asymptomatic carri-

ers can be transmitted to humans.3,5,12,23,29 Skin lesions have 
been reported in some people after as little as 4 hours of 
close contact with a colonized foal.12 

Diagnostic Tests
S. aureus infections are diagnosed by culture of the 

infection site. S. aureus is a Gram positive, non-spore form-
ing coccus. It may be found singly, in pairs, in short chains, 
or in irregular clusters.50 The colonies are circular, smooth, 
and glistening.50 On blood agar, they are usually beta-hemo-
lytic. 50 Young colonies are colorless; older colonies may be 
shades of white, yellow or orange.50 Biochemical tests such 
as the coagulase test are used to differentiate S. aureus from 
other staphylococci. S. aureus can also be identifi ed with the 
API Staph Ident system.
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If S. aureus is isolated from an infection, genetic test-
ing or antibiotic susceptibility testing can identify methi-
cillin resistant strains.7 Genetic tests to detect mecA, such 
as polymerase chain reaction (PCR) assays, are the ‘gold 
standard’ for identifi cation; however, such tests may not be 
widely available outside reference laboratories.10,31,51 A latex 
agglutination test can be used to detect PBP2a.10,51 Antibiotic 
susceptibility tests such as the agar screen test, disk diffu-
sion test, or MIC determination can also be used to identify 
MRSA.2,10,31,51 Most antibiotic susceptibility tests use oxa-
cillin or cefoxitin, as methicillin is no longer commercially 
available in the United States.10 Antibiotic susceptibility 
testing has some drawbacks compared to detection of mecA 
or PBP2a. Methicillin-susceptible and resistant subpopula-
tions can co-exist in vitro; although all of the colony car-
ries the resistance genes, only a small number may express 
the resistance in culture.10 The expression of resistance in 
phenotypic tests can also vary with growth conditions such 
as temperature.51 In addition, some susceptibility tests can 
overestimate methicillin resistance; isolates that do not carry 
mecA (and thus, are not MRSA) can appear to be phenotypi-
cally resistant to methicillin.51 

Clones or strains of MRSA are differentiated by genetic 
tests such as pulsed-fi eld gel electrophoresis (PFGE), SCC-
mec typing, and DNA sequencing of the X region of the pro-
tein A gene (spa typing).5 

Treatment
Antibiotic therapy should be based on susceptibility 

testing; however, all MRSA strains are considered to be 
resistant to penicillins, cephalosporins, cephems, and other 
ß-lactam antibiotics (such as ampicillin-sulbactam, amoxi-
cillin-clavulanic acid, ticarcillin-clavulanic acid, piperacil-
lin-tazobactam, and the carbapenems) regardless of the 
susceptibility testing results.2,30 

MRSA isolated from animals vary in their antibiotic 
susceptibility. For example, while some isolates have been 
susceptible to amikacin, vancomycin, and trimethoprim-sul-
famethoxazole2, or ciprofl oxacin, clindamycin, fusidic acid, 
linezolid, mupirocin, quinupristin-dalfopristin, and vanco-
mycin5, others were resistant to numerous drugs including 
gentamicin, rifampicin, ciprofl oxacin, fusidic acid, co-tri-
moxazole, and tetracycline.14 

One dog with MRSA septic arthritis was treated suc-
cessfully with a surgically implanted absorbable gentamicin-
impregnated sponge.25 Other canine surgical site infections 
have been treated with antibiotics combined with removal 
of the surgical implants; in some cases, antibiotic treatment 
was continued for up to 5 weeks.21

Prevention
Veterinary hospitals should establish guidelines to 

minimize cross-contamination by MRSA or other methicil-
lin-resistant staphylococci.3 Good hygiene including hand 
washing and environmental disinfection is important in pre-
vention.21 Researchers also recommend that veterinary hos-

pitals initiate surveillance programs for MRSA infections, 
particularly in horses.3,11 Screening at admission allows 
prompt isolation of MRSA carriers and the use of barrier 
precautions to prevent contact with other animals.12 It also 
allows rapid recognition of cases if clinical infection occurs. 
Similar precautions have been used on some farms where 
MRSA was found.5

There are no proven, safe, and acceptable options to 
eradicate MRSA from horses that carry this bacterium in the 
nares.5 In one asymptomatically colonized dog, oral doxy-
cycline and rifampin eliminated MRSA carriage.31 Topical 
treatment to eliminate nasal carriage is considered to be 
impractical in pets.31

Morbidity and Mortality
There is relatively little information on the prevalence 

of MRSA in veterinary medicine; however, currently this 
organism does not seem to be common in the animal popula-
tion.3,11,24,30,31 S. aureus itself is not a common staphylococ-
cal species in animals. This organism is typically recovered 
from less than 10% of dogs and cats in most studies, although 
carriage rates as high as 90% have been reported in a few 
surveys.3 

A few studies have examined the prevalence of MRSA 
in animal populations. In one study from the U.S., MRSA 
strains were found in at least one patient in 6 of 7 veterinary 
teaching hospitals surveyed; however, the overall preva-
lence of this organism was low.24 In this study, veterinary 
diagnostic laboratories at the seven institutions were asked 
to submit samples of S. aureus found from October 2001 
to March 2002. Seventy clinical isolates of S. aureus were 
reported from 65 birds, cattle, dogs, horses, and cats; 14% of 
these isolates (which occurred in 4 horses, four dogs and a 
cat) were MRSA. A survey from the U.K. found 95 MRSA 
(1.4%) in 6519 samples from companion animals.27 In this 
study, MRSA was found in 69 dogs, 24 cats, one rabbit, and 
one horse. A Hungarian antibiotic resistance monitoring 
scheme found no cases of mecA-positive staphylococci in 
animals or animal food products in 2001.53 In 2003-2004, 
this ongoing survey found fi ve MRSA, which all originated 
from cattle in two dairy herds.20 MRSA was also found in 
11 horses seen at an active midwestern veterinary teaching 
hospital over a 13-month period, and one of 38 S. aureus 
isolated from symptomatic sheep in Spain.18,30 Other studies 
have reported somewhat higher prevalence rates. In Korea, 
where MRSA is common in humans, 421 of 1913 specimens 
from cattle, pigs, and chickens collected from 2001 to 2003 
contained S. aureus.2 Twelve isolates from cattle and three 
isolates from chickens were MRSA. The overall incidence 
of MRSA in this study was 3.6%. A survey of 148 healthy 
cats in Brazil found 14 S. aureus, of which three isolates 
(2%) were phenotypically methicillin resistant.36 Another 
study reported MRSA carriage in 11 (16%) of 67 horses 
tested at a university equine clinic in the U.K.14 Three hors-
es had clinical infections. While some studies have found 
MRSA at veterinary hospitals but not in animals sampled 
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from the community14, others document proven or suspected 
community-associated MRSA.2,5,12,20,24

A few outbreaks or clusters of clinical cases have been 
reported in horses or dogs at veterinary hospitals.5,6,11-14,21,24 
Some of these studies suggest that MRSA may be an emerg-
ing pathogen, particularly in horses.5,11-13 At a veterinary 
teaching hospital in Ontario, an outbreak with the Canadian 
MRSA-5 strain was fi rst reported in horses in 2000; MRSA 
was isolated from the nasal cavity of 2 (4%) of 57 horses.5 A 
nosocomial colonization rate of 17 horses per 1000 equine 
admissions was reported at this hospital in 2002.12 Ten colo-
nized horses were found per 1000 admissions in 2003, and 
36 per 1000 admissions in 2004.12 Clinical nosocomial infec-
tions occurred in 1.8 horses out of every 1000 admissions, 
with no increase over the 3 year period. Community-associ-
ated MRSA colonization was seen in 1.7% of equine admis-
sions in 2002, 1.5% in 2003, and 5.7% in 2004. An increased 
incidence of community-associated MRSA was reported in 
Thoroughbreds and horses less than a year of age.12 In these 
studies, community-acquired infections in horses were clus-
tered. In 2002, MRSA was found in 41 (13%) of 321 horses 
on one farm in the province.5 Three (5%) of 64 of horses 
on another farm were colonized, and eight other farms had 
no MRSA carriers. During an outbreak at a university vet-
erinary hospital in Austria from 2003 to 2005, the overall 
incidence of MRSA was approximately 4.8 cases per 1,000 
admissions (4.8%).6 Anecdotal reports suggest that MRSA 
infections are becoming more common in horses, including 
foals in neonatal intensive care units.11

There are no reports on the mortality rates for MRSA in 
animals. However, the death rate would be expected to vary 
with the syndrome, with lower mortality rates in superfi cial 
infections and high mortality rates in septicemia and other 
serious invasive diseases. 

Post-Mortem Lesions
The post-mortem lesions of MRSA infections are those 

seen with any purulent bacterial infection, and vary with the 
organ system or tissue involved.

Internet Resources
Centers for Disease Control and Prevention (CDC)

http://www.cdc.gov/ncidod/diseases/submenus/sub_
staphylococcus.htm

Guideline for Hand Hygiene in Health-Care Settings. 
Recommendations of the Healthcare Infection Control 
Practices Advisory Committee and the HICPAC/
SHEA/APIC/IDSA Hand Hygiene Task Force
http://www.cdc.gov/mmwr/preview/mmwrhtml/
rr5116a1.htm

Material Safety Data Sheets – Public Health Agency of 
Canada, Offi ce of Laboratory Security
http://www.phac-aspc.gc.ca/msds-ftss/index.html

Medical Microbiology
http://www.gsbs.utmb.edu/microbook

The Merck Manual
http://www.merck.com/pubs/mmanual/

The Merck Veterinary Manual
http://www.merckvetmanual.com/mvm/index.jsp
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