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Abstract 

Methicillin-resistant Staphylococcus aureus 
(MRSA) has emerged globally as a significant public 
health/antimicrobial resistance nosocomial problem, 
both in human and veterinary medicine. In recent years, 
the so-called livestock-associated MRSA has become an 
additional focus. A literature review indicates few re
ports ofMRSAin dairy cattle. Work from our laboratory 
supports previous studies indicating that MRSA is rare 
in milk of dairy cattle in the United States. Recent and 
sporadic isolation of MRSA and related staphylococci 
from cattle in countries other than the United States, 
and the similarity between some of the human and 
animal isolates found, provide rationale for monitoring 
MRSA occurrence in cattle. Considering the importance 
of S. aureus in human infectious disease, its highly con
tagious behavior among dairy cows, and the current gaps 
in knowledge about potential human-bovine connections, 
the epidemiology of MRSA (and other staphylococci) 
should represent an area of attention by the scientific 
community. 
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Resume 

Le Staphylococcus aureus resistant a la methicil
line (SARM) est devenu globalement un probleme nosoco
mial de sante publique et de resistance antimicrobienne 
autant en medecine humaine que veterinaire. Depuis les 
dernieres annees, le SARM relie au betail est devenu un 
autre sujet d'attention. Une revue de litterature a rap
porte peu de cas de SARM chez les bovins laitiers. Des 
travaux de notre laboratoire supportent les conclusions 
d'autres etudes qui indiquent que le SARM est rare dans 
le lait des vaches laitieres des Etats-Unis. L'isolement 
recent et sporadique de SARM et autres staphylocoques 
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chez du betail provenant d'autres pays que les Etats
Unis de meme que la similarite entre certains isolats 
humains et animaux peuventjustifier la surveillance de 
SARM chez le betail. Compte tenu de !'importance de S. 
aureus dans les maladies infectieuses humaines, de son 
haut degre de contagion chez les vaches laitieres, et du 
manque de connaissance sur la connexion potentielle 
entre les animaux et les humains, l'epidemiologie de 
SARM (et autres staphylocoques) devrait representer 
un sujet d'interet pour la communaute scientifique. 

Introduction 

Domestication of food animals and the development 
of antimicrobials can be considered among the most sig
nificant achievements of agriculture history. However, 
the development of antimicrobial resistance, both in 
humans and animals, might lead to a new era in animal 
agriculture. Driven largely by human population growth, 
income growth, and urbanization, 46 concerns have risen 
about the expected increased need for animal protein at 
the global level. The correct strategies to achieve this 
level of production are unclear at this point. Methicillin
resistant Staphylococcus aureus (MRSA) and other 
resistant bacteria are important concerns to consumers 
of animal food products. MRSA has been described as 
a nosocomial agent, as a community-associated patho
gen, and in recent years, as livestock-associated MRSA 
(LA-MRSA); other designations include non-typable 
(NT)-MRSA or MRSA Sequence Type (ST) or Clonal 
Complex (CC) 398. 

The presumptive overuse of antimicrobials has 
been repeatedly emphasized as the main selection pres
sure for bacterial resistant strains. 43 According to the 
US Food and Drug Administration, 90,922 lb (41,328 
kg) of cephalosporin's active ingredient and 1,343,131 lb 
(610,514 kg) of penic~llins were sold for food animal 
industry usage in the US in 2009.15 Antibiotic thera
peutical treatments are a common practice on dairy 



farms around the world.17 However, the situation in 
dairy cattle challenges the straightforward, simplistic 
idea that the use of antimicrobials is the sole cause for 
the development of multi-resistant strains. Despite use 
of antimicrobials, most reports on MRSA prevalence on 
dairy farms found no MRSA or very low values (Table 
1). At the same time, studies have found no major sig
nificant difference in the prevalence of resistant strains 
between traditional and organic dairy farms. 56 

Mastitis is one of the main reasons for use of an
tibiotics in the dairy industry, and constitutes its most 
important cause of economic loss. 9 Of the wide variety 
of pathogens isolated as causative agents of mastitis, 
S. aureus remains a common and economically sig
nificant cause. Although S. aureus is recognized as a 
major contagious mastitis agent worldwide, this does 
not seem to be true for MRSA (Table 1). Some strains 
of S. aureus produce enterotoxins that are associated 
with food poisoning,1 and there is increasing concern 
about the antibiotic resistance of S. aureus, specifically 
to methicillin or P-lactam antibiotics (i.e. MRSA). 

Although hyperproduction of P-lactamase has been 
suggested as the resistance mechanism, 9 methicillin 
resistance in S. aureus most commonly results from the 
production of the novel penicillin-binding protein (PBP)-
2a, which has a decreased binding affinity for P-lactam 
antibiotics. PBP-2a requires two to 10 times higher 
penicillin concentrations for inactivation than PBP-2, 
and 20 times higher than PBP-1.28 PBP-2a production 
is encoded by the chromosomal gene mecA found on a 
large mobile genetic element called the staphylococcal 
chromosomal cassette mec (SCCmec). There are six 
major SCCmec types (I, II, III, IV, V, and VI) and sev
eral subtypes, based on the combination of the cassette 
chromosome recombinase ( ccr) gene complexes and mecA 
regulatory genes, mecl and mecRI.60 The presence of the 
mecA gene in MRSA is the specific molecular characteris
tic that differentiates MRSAfrom methicillin susceptible 
Staphylococcus aureus, also known as MSSA. Staphylo
coccus fleuretti, a recent putative bacterial species and 
commensal Staphylococcus species of animals, has been 
reported as the highly probable origin of the mecAgene.47 

The first MRSA occurrence was reported in Eng
land by Jevons in 196126 soon after the introduction of 
beta-lactamase resistant penicillins in human medicine 
(1959). In 1972 a cow in Belgium with mastitis was the 
first reported MRSA infection in an animal. 12 Despite 
this historical background, there are many unknowns 
concerning "MRSA dairy epidemiology" and the potential 
transmission of MRSA between animals and humans. 
Moreover, the risk factors involved in trans-infection 
and the direction of transmission between cattle and 
humans are not clearly understood. 

This article presents an overview of the literature 
about MRSA in dairy cattle and the potential connec-
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tions between bovine and human isolates. Suggestions 
for future research in this area are included. 

MRSA Prevalence in Milk, Dairy Products, 
and Cows 

Publications about MRSA and the dairy industry 
are scarce, especially when compared with literature 
reports related to MRSA and the swine industry. 54 A 
search on Pubmed with the words "MRSA" and "dairy" 
and "cattle" provides only 53 references (accessed Sep
tember 15, 2011). In Table 1, results of this search and 
related literature regarding the isolation of MRSA in 
milk and other dairy food samples are summarized. For 
this review, we focused on papers published since 2000 
independently of the study design. Of the 21 studies, 
only two were done in the United States. 

MRSA Prevalence in Milk Analyzed in the 
Authors' Laboratory 

In 2006 we analyzed 357 S. aureus isolates recov
ered from milk samples submitted to our laboratory for 
diagnostic bacteriologic testing from 24 dairy herds in 
North Carolina (NC) and Virginia (see sidebar). Our 

Laboratory Methods for Determination 
of MRSA at NCSU 

S. aureus id~ntification was performed in 
accordance with routine laboratory techniques, 
including typical colony morphology, Gram's stain, 
catalase and coagulase tests. DNA extraction was 
performed according to the Ultra Clean™ Microbial 
DNA Isolation Kit instruction manual, with the 
exception of the initial step. S. aureus were plated 
on Trypticase Soy Agar (TSA) and incubated for 
18 hours at 96.8 to 98.6°F (36 to 37°C). A loop-full · 
of this culture was scraped into a 2 mL collection 
tube, to which 400 µL of MicroBead solutionb and 
20 µL oflysostaphin solution (1 mg/mL) were add
ed. This mixture was incubated at 98.6°F (37°C) 
for two hours. Polymerase chain reaction (PCR) 
amplification of the mecA gene was performed as 
described by Lee. 34 Antibiotic resistance pattern 
(ampicillin, cephalothin, erythromycin, cefoxitin, 
novobiocin, penicillin G, ceftiofur, sulfamethoxa
zole trimethropim, streptomycin, tetracycline, 
sulfisoxazole and pirlimycin) was determined 
according to Clinical and Laboratory Standards 
Institute (CLSI) guidelines. According to these 
guidelines, an isolate is classified as susceptible to 
cefoxitin, the antibiotic used to test "methicillin
resistance", if the inhibition zone is 2:: 22 mm. 
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Table 1. Reports of MRSA in bovine milk, mastitis samples, and other dairy products. 

Publication Ref. no. Comments year 

De Oliveira et al determined the minimum inhibitory concentrations (MIC) for 811 strains of 
S. aureus isolated from cases of bovine mastitis in 11 countries (Denmark, England, Finland, 
Germany, Iceland, Ireland, Norway, Sweden, Switzerland, United States, and Zimbabwe). Only 

2000 9 12 strains could be phenotypically classified as MRSA, but they were all mecA negative. The MIC 
determinations were performed by a broth microdilution method that adhered to the guidelines 
of the National Committee for Clinical Laboratory Standards (NCCLS). MIC90 for oxacillin was 
l.0µg/mL. 

Lee et al found an isolation percentage of 1.34% when analyzing 894 milk samples collected from 
2001 to 2003 in the Republic of Korea. The susceptibilities of all mecA (PCR) positive MRSA 

2003 33 isolates were tested by the disk agar method as standardized by the NCCLS. The MICs of 
oxacillin were also examined according to NCCLS recommendations. Most of the MRSA isolates 
were random amplified polymorphic DNA (RAPD) type II. 

Guerin-Faublee et al analyzed 119 isolates of S. aureus collected between 1998 and 2000 in 
2003 19 France from cows with clinical mastitis. For strains with an oxacillin MIC greater than 2 mg/L 

the mecA was identified by PCR. No MRSA was fou~d. 

Farzana et al analyzed 50 raw milk samples collected in 1992 in Pakistan. S. aureus was present 

2004 13 
in all the samples. Resistance to oxacillin and methicillin was assessed by disk diffusion (Bauer-
Kirby) test. 10% of the isolates (eight of 77) were methicillin-resistant. Paper does not specify the 
resistance criteria used. No further molecular work is described. 

Kwon et al found an isolation rate of 0.18% ofMRSAin 9,055 milk samples with more than 
500,000 somatic cells/mL collected in 1999, 2000, and 2003 in the Republic of Korea. MI Cs 

2005 32 of oxacillin were ·detected with a microdilution test of the NCCLS for the S. aureus isolates. 
All MRSA isolates harboured SCCmec type Iv, revealed the same PFGE profile, and showed 
Sequence Type (ST) 5 with an allelic profile of 1-4-1-4-12-1-10. 

Turutoglu et al analyzed 103 S. aureus isolates from milk samples collected from cases of 
2006 49 mastitis in herds in Turkey from 2002 to 2004. 18 of the isolates were phenotypically resistant to 

methicillin (17.5%), using disk diffusion method according to the NCCLS. 

Nunes et al determined the antibiotic susceptibility of 30 isolates of S. aureus responsible for 
2007 39 subclinical bovine mastitis in Portugal. No MRSA was found, by broth microdilution, following 

the Clinical and Laboratory Standards Institute (CLSI) standards. 

35 
Monecke et al identified two MRSA from 128 S. aureus isolates from cows in Germany and 

2007 Switzerland based on the expression of the mecA gene on a DNA microarray. One isolate was agr-
type I, CC8 and spa-type t068. The other was agr-type I, ST398 and t034. 

Normano et al analyzed 437 raw milk, 702 heat-treated milk, 1,578 cheese, 87 curd, 194 ricotta 

2007 37,38 
cheese, 350 ice cream, and 349 other dairy products collected between 2003 and 2005 in Italy. 
The (PCR) mecA positive strains were tested for susceptibility using the disk agar diffusion 
method following the NCCLS guidelines. The isolation.rate ofMRSA was of0.16%. 

Moon et al analyzed 3,047 bovine mastitic milk samples from 153 dairy farms in the Republic of 
Korea, collected from 1997 to 2004. 21 (2.5% of 840) S. aureus and 19 (2.4%) coagulase-negative 

2007 36 
staphylococci were resistant to methicillin. Methicillin resistance was screened by disk diffusion 
test with an oxacillin disk and confirmed by MIC test with oxacillin. Phenotypic methicillin 
resistance was defined with an oxacillin MIC 2: 4 µg/mL. 70% of the isolates belonged to four 
predominant coagulase genotypes (I, II, VII and VIII). 

2008 57 
Wang et al analyzed 72 bovine S. aureus isolates obtained from 12 dairy farms in inner Mongolia 
of China and found no MRSA considering a CLSI oxacillin MIC breakpoint standard of 2:4 µg/mL. 

Graveland et al explored the spread of MRSA in veal calf production in the Netherlands, and 
found surprisingly high prevalences: 32% of the farmers, 8% of the family members, and 28% of 
the calves were MRSA positive. The presence of the mecA gene was confirmed by PCR; a random 

2008 18 selection of the mecA-positive colonies was confirmed to be MRSA by PCR of the S. aureus 
specific DNA-fragment Martineau. In total 16 different spa types were identified; nine different 
spa types in human isolates and 12 different types in veal calves. In calves, the predominant spa 
type found was tOll (80%). 
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Table 1 continued. Reports of MRSA in bovine milk, mastitis samples, and other dairy products. 

Publication Ref. no. Comments year 

Cui et al could not find MRSA from 276 cattle nasal swabs and 4 7 cattle workers collected on 
2009 8 four Chinese provinces. Antimicrobial susceptibility was determined via broth microdilution and 

interpreted according to the CLSI interpretive standards. 

Studies have also been done using bulk-tank milk samples such as the study by Virgin et al 
where the herd MRSA prevalence in US dairy herds was estimated. In this study, bulk-tank milk 
samples (n=542) were tested and no positive MRSA was found. To detect MRSA, phenotypic and 

2009 55 genotypic methods were used. Phenotypic detection was based on plating on a selective indicator 
medium, BBL CHROMagar MRSA and, in a parallel assy, on trypticase soy agar with 5% sheep 
blood and 0.1 % esculin (TSA-BE). Genotypic detection was based on PCR using specific nuc and 
mecA genes specific primers. 

Vanderghaeghen et al found that nearly 10% of the S. aureus isolated from bovine subclinical 
and clinical mastitis (118 isolates from 118 different farms in Belgium collected from 2006 to 
2007) in their study were MRSA, a much higher prevalence than previously published. This 
suggests that about 10% of the Belgian farms with S. aureus mastitis have a MRSA problem. A 

2010 53 triplex PCR, targeting a Staphylococcus-specific 16S rRNA sequence, the mecA gene, and the S. 
aureus-specific region of the thermonuclease gene (nuc) was performed to identify MRSA. Strains 
proven to be MRSA were tested for susceptibility to non-~-lactam antimicrobial agents by using 
the disk diffusion method. Results were interpreted according to CLSI guidelines. Strains were 
ST398, spa types t0ll or t567, and had SCCmec-type Iva or V. 

Spohr et al analyzed the occurrence of MRSA in three dairy farms in Germany with a history of 
clinical and subclinical MRSA mastitis. Herds were tested twice. In the first investigation, the 
range of the proportion of positive MRSAcows was 5.1 to 16.7%, and in the second one 1.4 to 
10.0%. MRSA was isolated from the noses of four out of seven calves in this study. All S. aureus 

2010 45 
strains from milk samples were tested for antimicrobial susceptibility using disk diffusion 
according to German national guidelines for veterinary medicine (www.dvg.net). Isolates that 
were resistant against penicillin G, ampicillin, cloxacillin, cefoperazone, cefquinome, and 
cephalexine were assumed to be MRSA. All isolates that were suspected to be MRSA were 
confirmed using an RT-PCR. Confirmation ofMRSA-DNA was performed using melting-curve 
analysis. All MRSA isolates from milk belonged to spa-type t0ll and SCCmec-type V. 

100 samples of bulk-tank milk and 200 samples ofraw-milk cheese were tested in Switzerland. 
No MRSA was found. S. aureus and MRSA diagnosis were confirmed by species-specific 23S 

2010 24 rDNA and mecA PCR. Phenotypic properties were tested using disk diffusion method, interpreted 
according to the CLSI guidelines. Etest was additionally used for cefoxitin and oxacillin 
resistance testing. 

139 non-duplicate S. aureus isolates from bovine mastitis collected in France between 2007 and 
2008 were analyzed by Haenni et al. One isolate was classified as MRSA. Identification was 
performed using a triplex PCR targeting 16SrRNA, mecA, and S. aureus-specific nuc genes. 

2010 20 Antimicrobial susceptibility was tested by the disc diffusion method on Mueller-Hilton agar 
and interpreted according to the breakpoints recommended by the Antibiogram Committee of 
the French Society of Microbiology (www.sfm.asso.fr). MRSAisolate was identical to the human 
epidemic Geraldine clone, ST5, spa-type t002. 

Prevalence of methicillin resistant Staphylococci was established in the animals and staff of a 
teaching and research farm in Brazil. Nasal swab samples were collected from healthy dairy 

2011 4 cattle (n=36) and humans (n=13). Detection of mecA gene was performed by PCR. Antimicrobial 
resistance of mecA+ isolates was determined by disk-diffusion method (Kirby-Bauer) according 
with the CLSI breakpoints. No MRSA was isolated. 

1.3% (two isolates) was the MRSA prevalence found by Haran et al in bulk milk tanks in 
2011 22 Minnesota. One isolate was ST5-USA100-spa type 2 (traditionally reported as HA-MRSA) and 

the other ST8-USA300-t121 (traditionally reported as CA-MRSA). 

Kumar et al found a 13.1% MRSAprevalence when analyzing 107 strains of S. aureus from 195 

2011 31 
mastitic milk samples in India. Disk diffusion method on Mueller-Hinton agar according to CLSI 
guidelines was used to determine antibiotic susceptibility profile and molecular confirmation 
with PCR of 16S rDNA, nuc, and mecA genes. 
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laboratory found that 86% (308 of 357) of S. aureus iso
lates were susceptible to all antimicrobials tested and no 
MRSA was found. 3 In order to screen for the presence of 
MRSA in NC dairies over time, we analyzed S. aureus 
isolates from our collection of about 3,800 bovine S. au
reus isolates. Of these, 125 S. aureus isolates had been 
collected from bulk tanks from 19 NC dairies and were 
further tested. Represented samples were collected over 
a 13-year period from 1997 to 2009, and the isolates were 
frozen (at -103°F or -75°C) for variable periods of time 
in 15% glycerol. No MRSA were isolated from milk or 
bulk tanks representing a cross-section of dairy herds in 
NC, and all the isolates were phenotypically susceptible 
to cefoxitin. The mecA gene could not be detected and 
amplified in any of the PCR reactions. 

Analysis and Discussion of MRSA in Dairy 
Cattle Publications 

Most manuscripts reviewed were prevalence re
ports or case-series studies. For the most part, samples 
and isolates had not been collected with the specific 
goal of determining MRSA prevalence, but rather were 
convenience samples. 

Until recently, most reports indicated that MRSA 
was an agent of minor importance and low prevalence 
in dairy samples (Table 1). However, comparing isola
tion rates of different studies is difficult since there is 
no standardization of sampling and diagnostic methods. 
In fact, there is not even agreement upon the definitions 
of CA and LA-MRSA.30 Our bulk-tankS. aureus results 
agree with those of Virgin et al.55 Both suggest that the 
prevalence of MRSA on dairies in the US is very low or 
nonexistent. The S. aureus isolates in our investiga
tions had been collected during a 13-year time period, 
which suggests prevalence has not changed over time. 
One of the main limitations of our study was that the 
samples in our database were not randomly collected 
and potentially do not represent true prevalence. Also, 
bulk-tank milk samples were used, which might have 
resulted in a significant number of false negatives, as 
single bulk-tank culture sensitivity has been reported 
as not being higher than 60%. 40 

The study by van Griethuysen et al51 raises the 
concern of the potential loss of the mecA gene during 
storage of MRSA isolates. They reported that the 
mecAgene was lost in 36 (14.4%) of250 MRSAisolates 
after two years of storage at -112°F (-80°C) with the 
Micro bank system. a In our study, S. aureus isolates 
were not tested for the presence of the mecA gene 
before storage, so we cannot predict the influence of 
freezing isolates. 

Despite the fact that dairy cows have been treated 
with penicillin for decades, 25 the relatively low resistance 
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rates observed among S. aureus isolates from bovine 
mastitis3 may be explained by the limited possibility of 
acquiring resistance genes in a virtually sterile compart
ment, such as the udder, where no indigenous bacterial 
flora is present. 58 However, recent reports of increased 
MRSA prevalence in milk samples from countries like 
Germany, Belgium, Netherlands or India18•45•53 are 
intriguing. The differences in prevalence between the 
European and American studies might be explained by 
the different agricultural systems: more traditional, fam
ily based farms with multiple animal species are found 
in Europe (facilitating the transfer of genetic material 
between species45), as opposed to the US where there 
are larger and more industrial herds. Cattle turnover 
is higher in the US than in Europe, where cows are tra
ditionally kept longer. Also, national surveys are being 
conducted in Europe, particularly in the Netherlands 
in the swine industry, which might lead to the finding 
of increased prevalence. 

A recent finding in the United Kingdom provides 
another potential explanation for the differences in prev
alence presented in Table 1. A novel mecA homologue 
was isolated (and named mec~GA251) from bulk milk.16 

This divergent mecAgene was also found in human sam
ples from Scotland, England, and Denmark.16 It is only 
70% identical to S. aureus mecA homologues, meaning 
that routine diagnostic procedures will phenotypically 
identify these isolates as methicillin-resistant, but will 
fail to confirm the diagnosis at the molecular level. 16 At 
this point, it seems prudent, especially when analyzing 
dairy samples, to test them first at the phenotypic level 
and then run the PCR confirmation methods with prim
ers able to amplify this novel mec~GA251• -

Different antimicrobial national policies and regu
lations could also explain the different prevalence rates. 
To make possible an accurate comparison of antimicro
bial policies, national public health institutions, both 
human and veterinary, should annually collect data 
on pounds or kilograms of active antimicrobial agents 
used by species, route of administration, and specific 
purpose of use, such as therapeutic, prophylaxis, or 
growth promotion. Grave et al17 recently compared 
the sales of veterinary antibacterial agents between 
10 European countries and found that 48% of sales of 
veterinary antibacterial agents were tetracyclines. The 
authors found a wide variation (8.2-85.5 mg/lb or 18-188 
mg/kg - mg of antibacterial drug sold/kg of biomass of 
slaughtered food animal plus estimated live weight of 
live dairy cattle) in the usage between countries, and 
concluded that the difference could not be explained 
only by differences in the animal species demograph
ics. Speculative explanations include different animal 
husbandry practices, pharmaceutical drug availability 
in the market or veterinary prescription habits. 17 
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MSSA, CNS, MRSP, and MRSA: Is There a Link? 

Considering that the horizontal transfer of ge
netic material1° between bacteria has been claimed to 
be the most significant way for the spread of antibiotic 
resistance, 59 it is important to analyze the published 
literature for potential connections between MRSA, 
MSSA, and other staphylococci. The relative importance 
of MRSA as a pathological agent differs between human 
and veterinary medicine. While MRSA has been recog
nized as responsible for more human deaths in the US 
than other infectious diseases, including HIV/AIDS,29 

methicillin-resistant Staphylococcus pseudintermedius 
(MRSP), also a coagulase-positive staphylococcus, is of 
major concern to veterinarians. 

S. aureus is considered a major contagious mastitis 
agent in dairy cattle, but a variety of coagulase-negative 
staphylococci (CNS) are considered important minor 
mastitis agents. Importantly, CNS have been suggested 
as a source of SCCmec in the farming environment, 60 

and the transfer of SCCmec from CNS to S. aureus could 
change sensitive into resistant strains,41•60 i.e., MRSA. 

Two recent human reports suggest the highly 
probable transfer of methicillin resistance between 
Staphylococcus haemolyticus (a CNS) and S. aureus. 
S. haemolyticus was the probable donor of the SCCmec 
element to S. aureus that led to a MRSA outbreak in a 
neonatal intensive care unit in Sweden.5 Chlebowicz et 
aF reported the in vivo conversion of MRSA ST-398 to 
MSSA during a "community-acquired" human infec
tion in which a mother and her daughter suffered from 
pneumonia and umbilicus phlegmon, respectively. 

At this point, the potential exchange of genetic ma
terial between CNS and S. aureus can speculatively be 
considered as one of the reasons for the increased preva
lence of MRSA reported in some recent publications. 

Human and Cattle Interspecies MRSA 
Transmission 

Juhasz-Kasaznayitzky et al27 reported that MRSA 
(STl) were isolated from cows with subclinical mastitis 
and from a person who worked with these animals. The 
bovine and human isolates were undistinguishable by 
phenotyping and genotyping methods, possibly repre
senting the first documented case of direct transmission 
of MRSA between cows and humans. The direction of 
transmission could not be determined. 27 More recently, 
other cases of cattle-human interspecies MRSA trans
mission have been reported. In the study by Haenni et 
al20 in France (Table 1), the MRSAisolate identified had 
identical characteristics to the human Geraldine clone 
(ST5, spa-type t002, and the same virulence genes, re
sistance pattern, and SCCmec cassette type I). In Italy, 
a recent case of MRSA ST398 necrotizing fasciitis in a 
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dairy farmer might represent another case of MRSA 
cattle-to-human transmission.44 This study lacks in
formation about MRSA colonization of animals on the 
farm, and this assumption is only based on the absence 
of other risk factors. 44 

Risk Factors 

From a prevention standpoint, it is important to 
know which factors increase the risk of MRSA carriage 
in people and animals. This knowledge could be essential 
for development of appropriate biosecurity measures and 
public or agricultural policies applied to farm or hospital 
environments. Hanselman et al21 isolated MRSA from 
27 of 417 (6.5%) attendees at the Annual American Col
lege of Veterinary Internal Medicine Conference held in 
Baltimore, Maryland in 2005. In this study, colonization 
was more common for large-animal (15 of 96 or 15.6%) 
personnel than for small-animal personnel (12 of271 or 
4.4% ). Employment in large animal veterinary practice 
versus academic or general practice was, in fact, the only 
variable significantly associated with colonization, with 
an odds ratio (OR) close to 3. It is important to highlight 
that the attendees at this meeting may be more repre
sentative of referral environments, and therefore may 
not be representative of field environments. In a study 
by Van Loo et al52 performed in the Nether lands, contact 
with cattle had an OR of 20, indicating that those who 
have contact with cattle are 20 times more likely to be 
infected with NT-MRSA than the typable-MRSA controls 
(using PFGE). These studies suggest that colonization or 
infection with MRSA might be an occupational hazard 
for dairy farmers and veterinarians. 21 

Direction of Transmission 

''Who infects whom?" is a question that still repre
sents a challenge for the scientific community. In 1975, 
when current molecular epidemiological tools were un
available, Devriese11 suggested a human origin for the 
68 MRSA isolates from Belgian dairy herds. Lee,33 con
sidering the high prevalence ( over 50%) of MRSA among 
human S. aureus isolates in Korea and the low prevalence 
of MRSA in animals (including cattle), suggested that 
animal isolates may have transferred from humans to ani
mals. Turkyilmaz et al48 analyzed 16 isolates of S. aureus 
recovered from mastitic bovine milk in Turkey. Fourteen 
of the 16 isolates were classified as ST239-SCCmec type 
Ill, a lineage that is associated with hospital associated 
clones which seems to suggest a human origin of the 
bovine isolates, transferred initially from the hospital. A 
human to animal transfer of MRSA was also suggested 
by results of the study by Haenni et al.20 

Nearly 35 years have passed between the Devri
ese et al11 and Haenni et al20 studies, and both suggest 
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the same conclusion that the origin of bovine MRSA 
isolates is human. However, direction of infection is 
still unknown. 

Comparison of Human and Bovine MRSA 
Isolates 

Using various molecular tools, other authors have 
studied the similarity between human and bovine iso
lates. FeBler et al14 investigated the genetic relationship 
of 25 MRSA ST-398 isolates from bovine mastitis (col
lected from 17 dairy farms in Germany) and two isolates 
from farm personnel. The two human isolates were in
distinguishable genotypically (ApaI PFGE, spa typing, 
SCCmec typing, and direct repeat unit (dru) typing) 
and phenotypically (broth microdilution antimicrobial 
resistance pattern) from mastitis isolates from the same 
farm. 14 Hata et al23 first reported and analyzed four 
bovine milk MRSA isolates obtained in Japan between 
May 1998 and May 2005 and evaluated their relation
ship with nine human MRSA isolates, where three of 
the bovine isolates showed identical genotypes to the 
human isolates. 

Brodly et al6 reported that the human MRSA252 
strain uniquely shares multiple DNA sequence blocks 
with three different etiological agents of contagious 
bovine mastitis, including S. aureus, but not with other 
human isolates. Turutoglu et al50 sequenced the mecA 
genes of three MRSAisolated from bovine mastitis cases 
and found a very high homology with human MRSA iso
lates; all three bovine mecAgenes were identical to those 
found in human MRSA isolates, except for a one-base 
substitution at nucleotide position 757. In addition to 
isolating MRSA from individual cows, calves, and bulk
tank samples (Table 1), Spohr and co-workers45 isolated 
MRSA from nasal and oropharyngeal swabs taken from 
herd workers on seven of nine farms tested. All isolates 
were the same spa type, spa-type t0ll. 

Considering that dairy cows are food producing 
animals and as such have limited contact with humans 
compared to companion animals, the similarity between 
human and bovine isolates is somewhat surprising. 
The literature seems to suggest that food (milk and 
other dairy products) may not be the most likely bridge 
between dairy cattle and humans. The role ofwildlife43 

and the importance of environmental contamination 
and airborne transmission of MRSA between farms 
and neighboring residential buildings is currently un
known.42 Alvarado et al2 evaluated the concentration 
and seasonal variation of airborne fungi and antibiotic 
resistant bacteria in a dairy farm in the southwestern 
US. S. aureus was the predominant bacteria present, 
and more than half of the S. aureus found were resis
tant to one or more antibiotics. Currently, without an 
explanation for the similarity or no similarity of bovine 
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and human MRSA isolates, there appears to be a need 
for further MRSA surveillance in animals. 

Conclusions 

Despite an interesting historical background, 
MRSA references associated with dairy literature are 
scarce. Considering the small number of MRSA isolates 
found in the dairy industry, MRSA in dairy products 
seems to be a minor consumer or public health concern. 
The common use of pasteurization and the low levels of 
MRSAfound in raw milk should also be seen as a reason 
for little concern. 37,45 Recent and sporadic isolation of 
MRSA and related staphylococci from cattle in countries 
other than the US, and the similarity between some of 
the human and animal isolates found, provide rationale 
for monitoring MRSA occurrence in cattle. 

Considering the importance of S. aureus as a 
human infectious disease agent, its highly contagious 
typical behavior among dairy cows, and the current gaps 
in knowledge about the potential human-bovine connec
tions, the epidemiology of MRSA (and other staphylo
coccal species) in the dairy industry should represent 
a future area of attention by the scientific community. 

Future collaborative research should include lon
gitudinal studies, addressing the persistence of MRSA 
colonization in humans and cattle and exploring all the 
potential sources and reservoirs. The legal framework 
that regulates these types of collaborations must be 
made more reasonable and encouraging for researchers. 
International organizations should provide guidelines 
for the ideal uniformization of methods and protocols. 
Molecular characterization of MRSA isolates (SCCmec 
typing, spa typing, dru typing mecAPCR, MLST, PFGE) 
is needed to enable tracking of the path of dissemination 
of MRSA. Cost-benefit analysis addressing surveillance 
and antimicrobial policy analysis should complement 
the epidemiological studies. 
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