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ABSTRACT 

Humans and animals intimately sharing same environments will inevitably be exposed to each other’s normal 

flora. Veterinarians have higher rates of methicillin-resistant Staphylococcus aureus (MRSA) nasal carriage compared to 

the general population and many human infections have been attributed to close animal contacts. Researchers in Europe 

favor the view that livestock particularly pigs and horses may represent an important reservoir for MRSA. In studies from 

three continents, MRSA has been isolated from retail meat products from milk and meat samples and from meat industry 

workers. Some studies have not found any colonization among surveyed pets, for example, among 200 healthy dogs in 

Europe. One outbreak of MRSA in a family was linked to pet cat. The clearance of ST 80 MRSA colonization in family 

member with furunculosis did not occur until systemic antimicrobial drug therapy was administered to the cat, which was 

colonized with same strain. More research is needed to assess the importance of pets as a reservoir of MRSA in the home 

and to what degree of S.aureus is a Zoonosis. 
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INTRODUCTION 

Staphylococcus aureus is responsible for a wide range of opportunistic infections in both humans and animals.             

In humans, infection with methicillin-resistant S.aureus (MRSA), which appeared in the late 1960s, has traditionally been 

nosocomial in origin [1]. Humans and animals intimately sharing same environment will inevitably be exposed to each 

other’s micro biota. When one of those organisms is a drug- resistant pathogen then logistic of disease prevention are 

raised to a new level of complexity. For this reason the study of MRSA in man and animals is now a priority [2]. 

The strains colonizing and causing infection in dogs and cats such as colonal complex (CC) 22 most probably 

originated in humans but have not as yet become host-adapted in these companion animals[3,4]. By contrast, MRSA 

strains isolated from horses and livestock such as CC8 and ST398, which also originated in humans[5]. Internationally, 

veterinary personnel have higher rates of MRSA nasal carriage compared to the general population and several cases of 

MRSA infection in humans have been attributed to close animals contact [6]. MRSA infections have been reported in the 

companion animals in Australia. Researchers in Australia have confirmed that animal contact in clinical setting is an 

important risk factor for MRSA nasal carriage [2]. 

Livestock-associated methicillin resistant Staphylococcus aureus was first associated with human disease in 2003, 

when a MRSA clone associated with a reservoir in pigs and cattle was isolated from a human. This clone was not type able 

by pulsed-field gel electrophoresis(PFGE) with Sma 1 macro restriction digestion and belonged to multilocus sequence 

type ST 398.[7] Since then, rates of MRSA ST 398 carriage have been high (25% to 35%) for persons in Netherlands who 

have frequent contact with pigs and veal calves, but associated illness is rare.[8]. However, in Europe, Asia and the United 
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States, invasive infections and a hospital outbreak of MRSA ST398 have been reported.[9]. Livestock-associated MRSA 

ST398 was reported from 8 of 15 European countries. Except 4 countries and 1 region in Germany, the proportion of 

MRSA ST 398 among MRSA isolates from humans was <2%, suggesting that in 2007 this livestock-associated clone 

contributed to only a small fraction of all MRSA in humans. A recent study of laboratories in 26 European countries during 

September 2006-February 2007 found no MRSA ST398 among S.aureus isolates from persons with invasive infections. 

This article reviews MRSA as a Zoonotic pathogen and the role of pet or contact animals in the spread of MRSA             

infection [9]. 

ANIMALS AS RESERVIOR FOR HUMAN MRSA 

Researchers in Europe favor the view that livestock particularly pigs, may represent an important reservoir for     

CA-MRSA strains that can colonize and infect humans in close contact with them[10,11]. ST398 is the most commonly 

reported MRSA sequence type among livestock in Europe. ST398 MRSA strains often carry genes coding for                 

non-beta-lactam antimicrobial resistance, including a plasmid-borne trimethoprim resistance gene dfr K, identified in an 

isolate from a pig in Germany[12]. These ST398 isolates are often referred to as non-type able by PFGE because their 

genome is resistant to Sma1 digestion. The isolates carry SCCmec type IV or V and typically lack PVL genes; several 

common spa types have been associated with these isolates [13]. 

Studies of asymptomatic MRSA colonization of a variety of farm animals have suggested that carriage rates vary 

widely. Among 300 healthy horses in Slovenia in 2005, no MRSA carriage was identified;[14]. A similar finding was 

obtained for 497 horses on 50 farms in 2006 in the Maritime Provinces of Canada [15] and for 87 military horses in 

Austria.[16]. In contrast, among 110 horses attending clinic in Belgium in 2007, 10.9% (12 horses) had nasal carriage with 

MRSA ST398 strains of two spa types[17]. ST398 was also isolated from poultry in Belgium in 2006. 

In Netherlands in 2006, MRSA colonization of pigs was identified in 7/31 (23%) tested farms. The ST398 MRSA 

strains from this study also had a variety of spa types.[18]. Several studies have suggested high rates of asymptomatic 

colonization by ST398 MRSA backgrounds among swine and their handlers, suggesting that frequent transmission occurs, 

although secondary human-to-human spread to close contacts appears to be rare[19]. Moreover, clinical infection among 

exposed swine farm workers has been reported infrequently. In Iowa, 49% (147/299) of swine and 45% (9/20) of farm 

workers in 2007 to 2008 carried ST398 MRSA in nares; no other MRSA genetic backgrounds were identified. Younger 

swine were more likely to be carriers [20]. 

In Austria in March 2008, 13/162 (8%) pig farmers who attended a conference had MRSA nasal carriage, and all 

eight isolates examined had spa to34, a type associated with ST398 strains [10]. Among 127 farm workers and their 

contacts on 50 pig farms in Belgium in 2007, 37.8% (48/1270 had nasal or skin lesion colonization with MRSA. MRSA 

carriage was associated with close contact with pigs, dogs and horses and paradoxically, with the use of protecting 

clothing. The 48 isolates belonged to three spa types (t011, t034 and t567), but 94% (n=45) were t011isolates. 

Representative isolates of each spa type were found to share the ST398 genotypes [21]. 

In the Netherlands in 2004 > 20 % of pig farmers colonized with ST398 MRSA, as were 39 % of pigs destined for 

slaughterhouses, seven spa types were represented and four predominated[22]. In Austria, 21 of the 1,098 MRSA isolates 

from humans submitted to a reference laboratory in January 2006 to May 2008 were ST398 isolates. Among these isolates, 

5 were obtained from clinical infections, 15 were obtained from cultures to assess colonization status, and the source of 

one was unknown. Of the 19 isolates from patients with information regarding animal exposure, 10 were from pig farmers 

or their relatives, 6 were from farmers with other animal exposures, and 3 were from people who had no known animal 
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contact. The percentage of ST398 isolates increased in each year the study and peaked at 2.5 % of submitted isolates in 

January to May 2008[23]. 

Invasive infection caused by ST398 occurs but rarely. In Italy, a pig farm worker developed, suggesting a porcine 

origin of strains pyomycositis caused by an MRSA ST398 strain. A subsequent investigation of the farm employing the 

patient revealed colonization by ST398 strains among 1 0f 11 swine workers and family members; ST398 strains were 

isolated from seven dust samples from furrowing areas on the farm, suggesting a porcine origin of strains. Researchers 

have confirmed the absence of PVL genes from ST398 strains; one report from Sweden described them for isolates from 

two ST398 SSTIs occurring in previously healthy patients in 2006 and 2007. The strains had the t034 spa type. Which has 

been widely reported among PVL-negative ST398 strains. Another PVL+ ST398 MRSA isolate (spa type t034 and 

SCCmec type V) was submitted to the national reference collection of Netherlands in 2007 [24, 25]. ST398 MSSA strains 

were also identified by colonization studies of pig farmers in France but not in a sample of non-pig farmers, [26] 

suggesting that MSSA ST398 strains, like MRSA ST398 strains, are also most closely associated with pigs and pig farm 

workers.  

Similarly, MSSA ST398 isolates colonized two pig farmers in Holland and were also isolated from the blood of 

three elderly hospitalized patients suggesting again that it may be a virulent clone in humans, at least occasionally [27]. 

MRSA genetic back grounds other than ST398 have likely also been transmitted between farm animal handlers 

and livestock. For example, at meat markets and livestock farms in Taiwan in 2004 to 2005, 3 MRSA isolates were 

isolated from fomites and 27 were isolated from the nares of workers; the most common strain was ST59, ST338 and a 

single-locus variant of ST398 [28]. Transmission among swine and swine farm workers of ST398 strains among MRSA 

disease isolates from other patients have been studied more carefully in the Netherlands. 

At a hospital in a region of the country with 7000 pig farms screening of health care workers and high-risk 

individuals who were hospitalized was routinely performed in 2002 to 2006. Seventy three colonized individuals were 

identified, 31.5% of whom (23 individuals) carried “non- type able” MRSA presumed to be ST398 all of the non-type able 

strains were identified in 2004 to 2006 [29,30]. In July to December 2006, a period when a history of direct exposure to 

pigs or veal calves triggered a screening nasal culture, 19 patients with PGFE-non- type able MRSA carriage were 

identified, 87% of them whom had previous exposure to pigs or calves. Among MRSA carriers with PGFE-non type able 

strains, clinical infection was less common (13%) than among carriers of PGFE-type able strains (42%), again suggesting 

that ST398 may not be a virulent as other genetic backgrounds [31]. 

In Netherlands among 1,721 health care workers MRSA colonization was 10-fold higher (1.7%) among those 

reporting contact with pigs and veal calves than those without such contact (0.15%), although this difference was not 

significant [32]. At a Dutch hospital in 2002 to 2006, 26 % of 95 patients and health care workers from whom MRSA was 

isolated likely acquired their isolates from animals. Individuals with animal contact were responsible for the over 3 fold 

annual increase in the rate of MRSA isolation during this period [33]. 

In the 6 months after the introduction of more intensive surveillance programs in July 2006 over 21% of all 

MRSA strains obtained by the national reference center for MRSA in the Netherlands were non-type able and presumably 

ST398 strains [34]. In 2007, the percentage of MRSA that were non-type able increased to 30.3% (793/2619), with 80% of 

these isolates having spa type T108.29In addition to the risk posed to farmers and others working with animals, the general 

population may be at risk for exposure to MRSA carried by livestock from poor hygienic practices at petting                           

Zoo animals [36]. 
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VETERINARY ASPECTS OF MRSA TRANSMISSION 

Researchers have confirmed asymptomatic colonization of animals at veterinary clinics worldwide.                             

In Canada 3,372 horses admitted to veterinary teaching hospital in Ontario, in 2002 to 2005, 69 (2%) were colonized with 

MRSA; risk factors included antimicrobial use in the previous 30 days, previous MRSA colonization or infection, known 

MRSA colonization or infection in the past on the farm of origin, admission to hospital’s surgery service, or being in a 

neonatal intensive care unit [37]. Among dogs admitted to a Canadian veterinary teaching hospital in 2004, 1/93 (0.5%) 

carried MRSA recovered from the nares, axilla and rectum [38]. Several studies suggested that MRSA strains may be 

transmitted between humans and animals in the veterinary setting [39,40]... The human and animal strains share common 

genetic backgrounds and were closely related; few differences were identified when comparing the DNA sequences of 

selected genes of MRSA isolates sharing genetic backgrounds from human and horses [41]. 

Veterinarian, particularly those caring for large animals, has been identified as high- risk group for asymptomatic 

MRSA carriage, likely because of their close animal contact. Among 152 Dutch veterinary doctors and veterinary students 

with history of contact with livestock, a high prevalence (4.6%) of MRSA colonization was documented [42].                         

At a veterinary conference in 2005 in Baltimore, MD, 6.5% (27/417) of tested attendees carried MRSA in the nares, 

including 15.6% (15/96) of personnel caring for large animals [43]. At an international equine veterinary conference in San 

Antonio, TX, 101% (26/257) of attendees tested carried one of three pulso types of MRSA                                            

(USA300, USA 100, or USA500). Risk factors for MRSA carriage included a history of caring for a horse with MRSA 

infection in the previous year, attendee having had an MRSA infection in the past year and self-reported failure to wash 

hands between farms or between or between handling of infected animals [44]. 

In an international conference of veterinarians in Denmark in 2006, 12.5% (34/272) carried MRSA in the nares or 

the throat; 31 of 34 recovered MRSA isolates were likely ST398 isolates. MRSA carriers came from nine countries [45]. 

This trend was not observed for Czech Republic, where, at a veterinary conference in 2008, only 0.7% (2/280) of screened 

attendees carried MRSA [46]. Similarly, at a university small-animal veterinary clinic in Scotland, 2/64 (3.1%) personnel 

had nasal carriage of MRSA; both isolates were EMRSA-15 by PFGE analysis, a common strain among human 

nosocomial infections [47]. 

MRSA IN RAW MEAT AND IN MILK 

In studies from three continents, MRSA has been isolated from retail meat products, from milk and meat samples 

[48-50] and from meat industry workers. In Netherlands, MRSA was isolated 2 of 79 raw beef and pork samples from 

retail meat stores in 2006. One isolate was a USA300 strain and other was untypeable by PFGE using Sma1 digestion.               

This isolate may have been an ST398 strain, although sequence typing was not performed [51]. In 2007 to 2008, 264/2,      

217 (11.9%) raw retail meat sample in the Netherlands had recoverable MRSA. Analysis of spa types suggested that 85% 

of recovered isolates were ST398[16]. The testing of 120 retail meat samples from grocery stores in Baton Rouge, LA, in 

2008 revealed S. aureus on 45.6% of pork and 20% of beef samples. MRSA was isolated from 5% (6/120) of meat 

samples. The MRSA strain belonged to the USA300 or USA 100 pulsotype. At present no studies has been conducted 

whether the consumers face risk of MRSA colonization or infection [52]. 

HOUSEHOLD PETS AS RESERVIOR OF MRSA INFECTION 

Many researchers favor the view that household pets may be a predisposing factor in MRSA infection in the 

community. The transmission of HA-MRSA strains among pets and owners did occur in the pre CA-MRSA era [53] and 
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after 2000 CA-MRSA strain transmission, [54, 55] including USA300 and ST398 strains has been reported                              

[56, 57]. Among 70 S. aureus isolates from 46 cats treated at a clinic in Philadelphia in 2002 to 2005, all 15 MRSA strains 

tested carried SCCmec type 11, a molecular characteristic of HA-MRSA strains from people[58]. This finding suggests 

that cats may serve as a reservoir of MRSA in humans. 

In Hong Kong, only 17 of 736 tested dogs owners both were colonized with S.aureus and owned a colonized dog. 

MRSA strains were isolated from 8.2% of the dogs and from 2.3% of the dog owners, but only one dog owner pair was 

concordant in MRSA colonization status. Furthermore, only 6/17 of the dog-owner S.aureus isolate pairs shared                  

PFGE types, [59] implying that the transmission of S.aureus between dogs and their owners was relatively infrequent 

despite the high MRSA carriage rate. Some studies have not found any colonization among surveyed pets, for example, 

among 200 healthy dogs in Europe [60]. Despite this, pets have been anecdotally implicated as a source of human infection 

cause by MRSA. One outbreak of MRSA in a family was linked to a pet cat. 

The clearance of ST80 MRSA colonization in family member with furunculosis did not occur until systemic 

antimicrobial drug therapy was administered to the cat, which was colonized with same strain [61]. More research is 

needed to assess the importance of pets as a reservoir of MRSA in the home and to what degree of S.aureus is a zoonosis. 

Few data on the use of antimicrobial drugs among pets in the United States has been collected; the over use of these drugs 

may increase the risk of MRSA carriage in pets [16, 62]. 

CONCLUSIONS 

Household pets and livestock have been identified as carriers of MRSA in many countries. Many researchers 

favor the view that domestic pets may be predisposing factors in MRSA infection in community. Several studies suggested 

that MRSA strains may be transmitted between humans and animals in the veterinary setting. Humans and animals strains 

share common genetic backgrounds and closely related. 
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