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1. Introduction 

Staphylococcus aureus, a gram-positive, non-spore forming bacterium was discovered by a 

surgeon in 1880, Sir Alexander Ogston, in pus from surgical abscesses. Friedrich Rosenbach, a 

German physician and microbiologist, in 1884, named two characteristically different colored 

colonies, one white and one golden-yellow, Staphylococcus albus and Staphylococcus aureus 

respectively.  

It has been since commonly noted that Staphylococcus aureus occurs as a commensal organism, 

one existing without causing apparent harmful effects. Under stressful conditions or after a skin 

injury though, Staphylococcus aureus could cause infection, making it an opportunistic pathogen. 

It is a versatile pathogen that commonly colonizes areas of nasal cavity or the skin, but since it 

does not cause an infection, it rarely requires treatment. Staphylococcal infections are of major 

importance in both veterinary and human medicine. In humans, clinical signs may vary from minor 

skin infections like impetigo (highly contagious skin infection producing blisters), boils and 

pimples, to even more serious conditions such as post-operative wound infections and cellulitis. 

Last but not least S.aureus is capable of causing pneumonia, bacteremia, meningitis and sepsis1. 

Not only can humans get colonized by the organism, but also other wild and domesticated animals 

such as horses, dogs, cats, chicken, cattle and pigs can contract the bacterium. As far as treatment 

is concerned, antibiotics have always been the first line of defense in treatment of the condition in 

both animals and humans but unfortunately due to excessive usage of antibiotics some bacteria, 

among them Staphylococcus aureus, developed resistance mechanisms and these bacteria are to 

be considered further for public health. Resistance to methicillin, indicating resistance to all β-

lactams, was reported in 1961, date which marks the appearance of Methicillin-resistant 

Staphylococcus aureus.  

The aim of this essay is to report the prevalence of MRSA in Irish pig sector from pig farms to pig 

slaughterhouses and retail pork meat, as well as highlight the necessary alterations in perception, 

of anyone associating with swine, for the disease and acknowledgment of its significance. 
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2. Antibiotic Resistance 

In order to treat and prevent bacterial infections we use medicines such as antibiotics. Antibiotics 

resistance occurs, when microorganism such as bacteria, fungi, parasites and viruses undergo a 

series of changes upon their exposure to antimicrobial drugs, including antibiotics, antifungals, 

anthelmintics and antivirals. Meaning that, the microorganism, through a series of changes and 

alterations, gains the ability to resist the effect of a medicine that was previously used to 

successfully treat them. Hence, it refers to a partial sensitivity or complete insensitivity of a 

microorganism to a number of antibacterial agents. Bacteria are capable of becoming resistant to 

more than one antibiotic, thus these bacteria are termed as multi-resistant. S.aureus is considered 

as such. As an outcome, since medicines tend to be ineffective, there is persistence of an infection 

and at the same time an increasing risk of transmission and spreading (fig 1). This unavoidably 

leads to an increase in medical costs, prolonged hospitalization and increased mortality. In EU 

drug-resistant bacteria are estimated to cause 25.000 deaths and cost above 1.4 billion euro 

annually in productivity losses and medical expenses2. Antimicrobial resistance was encountered 

almost simultaneously with the discovery of antimicrobials themselves (fig 2 & fig 3). What is 

alarming though is the rate at which antibiotic resistance develops and how fast it spreads among 

different bacteria and around the earth. During his 1945 Nobel Prize lecture, Alexander Fleming 

reminded the world of the importance of using antibiotics cautiously to ensure their long term 

effectiveness. 

  

 

 

 

 

 

 

 

 

 

Figure 1. Difference between non-resistant and drug resistant bacteria3. 



 

3 
 

 

 

Figure 2. The Antibiotic Timeline4 

  

Figure 3. The antibiotic resistance timeline5 
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2.1. Molecular mechanisms/Strategies of bacterial resistance  

2.1.1. Intrinsic resistance to antibiotics  

Intrinsic resistance can be explained by 4 mechanisms: 

I. Inactivation or degradation of the antibiotic,  

With the enzyme beta-lactamase, bacteria are able to hydrolytically deactivate the beta-

lactam ring in penicillins and cephalosporins. Since penicilloic acid is inactive, it will not 

be able to bind to PBP’s, and consequently protecting cell wall synthesis. The most usual 

way of bacterial resistance, is by enzymatic inactivation of the antibiotic agent. 

II. Prevent the antibiotic from reaching its target, with reducing its ability to penetrate into the 

cell, 

Porin channels are the passage through which antibiotics cross the outer membrane of the 

bacterium to reach their target site. Some bacteria have developed the ability to modify the 

cell membrane porin channel selectivity, size and frequency for antibiotics such as beta-

lactams and aminoglycosides. Through this process beta-lactams are unable to reach PBP’s 

and aminoglycosides can’t reach ribosomes, hence their action is diminished.  

III. Modify the antibiotic target within the bacteria, 

By camouflaging or reprogramming certain target sites, bacteria make it impossible for the 

antimicrobial agent to recognize them and thus inhibiting any further binding or inhibition.  

IV. Reduced intracellular antibiotic accumulation by reducing the permeability and/or 

increasing active efflux of the antibiotic6, 

Some bacteria have membrane proteins acting as efflux pumps for specific antibiotics. The 

antibiotics can be excreted at the same rate as they enter. This causes an insufficient 

intracellular concentration of the antibiotic making it incapable of eliciting a reaction.  

Most but not all, mechanisms of resistance are encoded by plasmids. Plasmid is a DNA molecule 

located inside the cell that is physically separated from a chromosomal DNA, with the ability to 

replicate on its own. Plasmids can be transmitted to other bacteria. A study by University College 

Dublin (UCD), while performing plasmid profiling of a small number of MRSA strains, suggested 

that the most resistant strains possess the greatest number of plasmids, indicating that a certain 

amount of resistance elements are carried on them.   
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Figure 4, shows an overview of intrinsic resistance mechanisms. The example shown is of β-lactam 

antibiotics, targeting a penicillin-binding protein (PBP). Antibiotic A can enter the cell via a 

membrane-spanning porin protein, reach its target and inhibit peptidoglycan synthesis. Antibiotic 

B can also enter the cell via a porin, but unlike Antibiotic A, it is efficiently removed by efflux. 

Antibiotic C cannot cross the outer membrane and so is unable to access the target PBP7. 

 

 

 

 

 

 

 

 

Figure 4. Intrinsic mechanisms of resistance. 

The ability of bacteria to use the above mentioned strategies in order to resist antimicrobial 

compounds is genetically encoded. Intrinsic resistance is the natural ability of bacterial species to 

resist action of particular antimicrobial agents through its innate functional or structural 

characteristics.  Intrinsic resistance is expressed by almost all strains belonging to the bacterium 

and is coded naturally.  

2.1.2. Acquired resistance to antibiotics 

Acquired resistance, can be the outcome of a successfully exchanged gene and/or an exchange 

involving: mutation or horizontal gene transfer via conjugation, transformation or transduction. 

Acquired resistance refers to alterations in the bacterial genome, which may lead to structural and 

functional fixtures alteration and consequently result in resistance against particular antimicrobial 

agents. Staphylococcus acquired mecA genes. MecA genes are found on a mobile genetic element 

which is called ‘staphylococcal cassette chromosome’8 which is responsible for coding penicillin 
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binding proteins (PBP). Penicillin binding proteins are protein involved in the final steps of 

synthesis of peptidoglycan, considered the major component of bacterial cell wall9. β-lactam 

antibiotics bind to PBP’s and inactivate it and thus they inhibit the bacterial cell wall synthesis, 

which makes staphylococcus resistant to methicillin.  Unlike intrinsic resistance, the traits that 

correlate with the acquired resistance are only encountered in some strains of each particular 

species of bacteria.  

In table 1 a comparative overview of different bacterial mechanisms of resistance, alongside the 

mode of action of antibiotics is offered.  

Table 1. Overview of the antibiotic mode of action and the bacterial mechanism of resistance10 

Antibiotics Antibiotic mode of action Bacterial mechanism of 

resistance  

Beta-lactams 

(penicillin, 

ampicillin) 

Target and bind to penicillin-

binding proteins, inhibiting 

bacterial cell wall synthesis, 

causing it to rupture 

- Enzymatic destruction of 

beta-lactam rings 

- Target(PBP)modification 

- Reduced IC accum.   

Glycopeptides 

(vancomycin) 

Inhibit the last stage of cell wall 

synthesis by preventing cross-

linking reactions 

- Target modification 

- Produce false targets 

 

Quinolones 

(ciprofloxacin) 

Inhibit DNA gyrase, thus 

inhibiting bacterial DNA synthesis 

(topoisomerase inhibitor) 

- Target modification 

- Reduced IC accum. 

Aminoglycosides 

(gentamicin, 

amikacin, 

streptomycin) 

Target and bind at 30s ribosomal 

subunit, resulting in inhibition of 

protein synthesis 

- AB modification  

- Target modification  

- Reduce uptake  

Macrolides 

(Erythromycin, 

Tylosin) 

Target and bind to 50s ribosomal 

subunit, inhibiting protein 

synthesis 

- Reduce IC uptake 

- Target modification 
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Tetracyclines 

(oxytetracycline, 

doxycycline) 

Target and bind to 30s ribosomal 

subunit, inhibiting protein 

synthesis 

- Reduced IC accum 

- Target modification  

Rifamycins 

(Rifampin, 

Rifabutin) 

Interact with bacterial RNA 

polymerase to block RNA 

synthesis 

- Target modification 

Sulfonamides 

(Sulfectamide, 

Sulfadiazine)  

Targets DHPS and prevents 

addition of PABA, inhibiting folic 

acid synthesis 

- Target modification 

2.2. Resistance to penicillin 

 Before the introduction of antibiotics the mortality of patients with S.aureus bacteremia, reached 

80%11. With the introduction of penicillin in the early 1940s, this percentage drastically dropped 

and the prognosis was improved. However, in the 1942 penicillin-resistant staphylococci were 

discovered, firstly in hospitals and subsequently in the community12. 20 years later, in the late 

1960’s 80% of staphylococci, that were isolated from hospitals and communities, were resistant to 

penicillin. It was Kirby who first demonstrated penicillin being inactivated by penicillin resistant 

strains of S.aureus13. 

2.3. Resistance to methicillin 

The first semisynthetic penicillinase-resistant penicillin was introduced in the 1959. It was called, 

Methicillin. Not long after its introduction it was accompanied by reports of isolates being 

methicillin resistant14.  The result of infection as an outcome of methicillin resistant, is far worse 

than the result of an infection from methicillin-sensitive strains15. Same as penicillin resistant 

strains, MRSA isolates commonly carried resistance genes to different antimicrobial agents16. Due 

to the excessive use of penicillin, it is assumed that, Staphylococcus aureus acquired resistance by 

expressing mecA gene, which results in alteration of penicillin binding protein to penicillin binding 

protein 2 (PBP’s2), which has a low affinity for most β-lactam antibiotics, and consequently 

allowing S.aureus to replicate under the presence of methicillin and related antimicrobial agents17.  
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Figure 5.  Description of staphylococcal β-lactamase synthesis, in the presence of penicillin 18 

blaZ: β-lactamase gene 

β-lactamase: an EC enzyme synthesized when Staphylococci are exposed to β-lactam antibiotics, it hydrolyzes the β-

lactam ring, inactivating it19 

blaR1: gene that encodes a signal transducing membrane protein 

blaI: gene that encodes a repressor protein 

 

a. Description of staphylococcal b-lactamase synthesis, in the presence of penicillin (fig 5). 

i. BlaI binds to the operator region, repressing RNA transcription from both 

blaZand blaR1-blaI. With penicillin not present, β-lactamase is decreased 

ii.  Binding of penicillin to the glycoprotein BlaR1 stimulating BlaR1 autocatalytic 

activation 

iii.  Active BlaR1 breaks down BlaI into inactive fragments, enabling transcription of 

both blaZ and blaR1-blaI to start 

iv. β-Lactamase, the extracellular enzyme encoded by blaZ, 

v. hydrolyzes the β-lactam ring of penicillin 

vi. renders it inactive (vii) 

b. Describes the mechanism of S. aureus resistance to methicillin. Synthesis of PBP2a is 

similar to the production of β-lactamase, and mecA gene is responsible for its production. 

Exposure of MecR1 to a β-lactam antibiotic, induces the synthesis of MecR1. In turn 

MecR1, inactivates MecI, allowing the synthesis of PBP2a. MecI and BlaI regulate the 

expression of PBP2a and β-lactamase20. 
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Figure 6.  Staphylococcus aureus invasive isolates with resistance to methicillin in 2014 

 

Figure 6 demonstrates the percentage of Staphylococcus aureus invasive isolates with resistance 

to methicillin, as detected by European Centre for Disease prevention and Control (ECDC) on 

2014. A great variation in MRSA percentages is observed among different countries with a range 

between <1% to >60%. However according to ECDC the population weight mean percentage of 

MRSA infections has decreased since 2010 when the last survey was conducted21. 
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Figure 7. Resistance of MRSA strains 

Figure 7, indicates the resistance of MRSA strains, isolated from pigs, in different antimicrobial 

agents. More specifically among 643 MRSA isolates, 32% were resistant to Fluoroquinolones, 

73% were resistant to Lincosamides and 97% to trimethoprim22.  

3. Molecular MRSA-typing 

It is an important and effective way of monitoring and describing epidemiological trends. There 

are a lot of techniques available for typing MRSA strains. The most notable though are:  

 Pulsed Field Gel Electrophoresis (PFGE), a variation of agarose gel electrophoresis, used 

for production of DNA fingerprint from the bacterium 

 Multilocus Sequence Typing(MLST), through analysis of Staphylococcal Cassette 

Chromosome it defines the clonal complex(CC) type of MRSA strains 

 Staphylococcal Cassette Chromosome mec (SCCmec) typing, classifies SCCmec elements 

(they are used in order to capture foreign DNA segments, to produce a defense against a 

dangerous environment for the bacteria) based on their difference in structure 

 Single Locus Sequence Typing (SLST), compares the variation in the region X of protein 

A gene(spa) and coagulase (coa)23 
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4. Methicillin-resistant Staphylococcus aureus (MRSA) 

Before the introduction of antibiotics for the treatment of S.aureus infections, the mortality rate of 

the disease was about 80%24. With the introduction of antibiotics in the 1940’s it was soon after 

discovered that some organisms, including S.aureus, a Gram-positive bacterium, were developing 

a resistance to antibiotics such as penicillin. It was later found that the resistant bacteria were 

producing an enzyme which breaks down penicillin making it ineffective, an enzyme called 

penicillinase. In 1959 an antibiotic called methicillin was the first semi-synthetic penicillin 

derivative to be developed that resisted hydrolysis by staphylococcal β-lactamase 25(β-lactamases 

are enzymes produced by bacteria providing multi resistance to β-lactam antibiotics). At the 

beginning, isolates of S.aureus appeared susceptible to penicillin but it was only one year later that 

the first case of MRSA infection was recorded in UK26.  Since then MRSA has reached to become 

a worldwide concern of both veterinary and human medicine. Although methicillin is no longer 

used in practice and is replaced by isoxazolyl penicillins, like flucloxacillin, MRSA has continued 

to be used as an acronym. The annual epidemiological report of 2014 from the European Centre 

for Disease Prevention and Control (ECDC) stated that the percentage of S.aureus isolates that 

were reported as MRSA is stabilizing or decreasing significantly over the past 4 years. Although 

this observation may seem optimistic, the percentage of MRSA is still above 25% in almost 1/3 of 

reporting countries, mainly located in southern and Eastern Europe27.  MRSA in animals is a 

spillover of the prevalence of MRSA in people, arising from use of methicillin in people. In pigs 

infections are rarely caused by S.aureus, with the most common staphylococcal pathogen being 

S.hyicus.  

4.1. Types of MRSA 

4.1.1. Hospital-associated/acquired MRSA (HA-MRSA) 

They are nosocomial infections, which are acquired by hospitalized patients while receiving 

healthcare. Many different risk factors have been connected with hospital-associated (HA) MRSA 

and include surgery, enteral feeding, fluoroquinolone28 and macrolide administration, intravenous 

(IV) catheterization29 and previous hospitalization30’31. The majority of this particular MRSA 

strain in Europe has emerged with the introduction of SCCmec, the staphylococcal cassette 

chromosome mec, harboring mecA, the methicillin-resistance gene, into five clonal complexes 
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CC5, CC8, CC22, CC30, CC45, as they are defined by Multi-Locus Sequence Typing (MLST)32. 

The European Antimicrobial Resistance Surveillance System is employed by most European 

countries to record the occurrence of cerebrospinal and bloodstream infections of MRSA, mostly 

representing HA-MRSA morbidity (fig 8). “The prevalence of HA-MRSA has decreased in recent 

years in certain countries of Europe, e.g France, Ireland, UK, and Greece. In different European 

countries the prevalence has remained unaltered’’.33 

 

Figure 8. Worldwide prevalence of hospital acquired methicillin resistant Staphylococcus aureus34. 

4.1.2. Community associated/acquired MRSA (CA-MRSA) 

In the 1980’s and early 90’s individuals in the community were found to be infected with MRSA35. 

The infection was encountered among schoolchildren, prison inmates, soldiers and athletes 36.The 

difference between hospital associated and community associated MRSA is that in the latter, 

individuals acquired the infection without having any contact with health care facilities or any 

known then predisposing risk factors for MRSA, like surgery, previous hospitalization etc.  Upon 

further investigation, it was discovered that factors such as overcrowding, or any activity that 

would inflict skin injury like contact sports or even personal equipment and belongings like razors, 

could increase the probability of people within these population to get infected with MRSA37. 

Consequently this new MRSA classification was termed community-associated (CA) MRSA. 
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Further research was carried through and it was discovered that these strains carried genes 

encoding the exotoxin, Panton-Valentine leucocidin (PLV) toxin38, which increases the virulence 

of certain Staphylococcal strains.  In contrast to HA-associated MRSA, CA-associated was found 

to be susceptible to a number of antimicrobial agents 39(table 2). 

Table 2. Comparison of HA-MRSA and CA-MRSA 

Characteristics Hospital-associated MRSA Community-associated MRSA 

Risk group Hospitalized, IV catheterization Athletes, children 

Antimicrobial 

resistance 

Multidrug Beta-lactams 

Clinical signs Surgical site, catheter-related 

infections 

Skin and soft tissue 

infections40 

PLV toxin Rare Frequent 

SCCmec41,42,43 1, 2 ,3 4, 5, 6 

Due to identification of HA-MRSA strains circulating within the community and the opposite44, 

researchers are now focusing on molecular and microbiological characteristics rather than 

epidemiological factors for the classification of MRSA as HA or CA45.   

4.1.3. Livestock associated/acquired MRSA (LA-MRSA) 

In 1972, MRSA was isolated from cows with mastitis46. In the following 25 years, this sporadic 

case was followed by only a few similar cases. From 2000 however, reports have become more 

frequent, and in 2007 transmission of MRSA between cows and humans was reported47. This was 

not the first occurrence of the disease in humans. In 2005 many decades after the discovery of HA-

MRSA and CA-MRSA, the first LA-MRSA was encountered preoperatively in a 6-month-old girl 

and in pig farmers in the Netherlands48.  The MRSA isolate discovered, was non-typeable by 

Pulsed-Field Gel Electrophoresis (PFGE). Further research revealed, that these ‘new’ strains were 

resistant to digestion from the enzyme SmaI, commonly used for this test, and thus, they acquired 

the name Non-Typeable MRSA (NT-MRSA). An investigation was carried out concerning the 

association of NT-MRSA (‘non-typeable’ MRSA) in humans, with a reservoir in animals. From 

2002 and 0%, NT-MRSA exceeded 21% by 200649.Through substitution of the SmaI enzyme with 

an alternative, it was discovered through molecular typing with Multilocus Sequence Typing 
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(MLST), that these strains belonged to clonal complex 398 (CC398), with the highest proportion 

of the strains belonging to the sequence type 398 (ST398)50. The strains carry SCCmec cassette 

types 4 or 551. They are resistant to aminoglycosides, tetracycline, macrolides and lincosamides.  

4.1.3.1. LA-MRSA CC398 

It is documented to be the most widely disseminated LA-MRSA strain.  The first demonstration 

of CC398 in animals was conducted in France in 200552. Afterwards it was discovered by Voss in 

Netherlands, and subsequently this strain has been identified in many more European countries, 

Asia as well as North America53 and has become pandemic. However, CC398 can be absent from 

certain countries or at least not detected. According to comparative genome analysis, CC398 

lineage is believed to have evolved from humans MSSA and then jumped to livestock, were it 

acquired the SCCmec cassette and developed resistance to methicillin54. Despite being associated 

primarily with animal colonization, serious human infections and spreading within the health care 

system have been documented55. This clone is generally susceptible to all antibiotics other than β-

lactams and more specifically tetracyclines, which is a fact implying that the heavy use of 

tetracyclines in pig farming, favored this clone’s emergence. Studies in Netherlands have showed 

that 39% of pigs at slaughter and >20% of pig farmers tested positive for MRSA56. The pig-

associated MRSA strain (ST398) is considered to be responsible for >33% of all human MRSA 

cases in Netherlands.   

4.2. Humanosis or zoonosis 

From 1970 until 2000, it was not common to isolate MRSA from animals; in the rare case that it 

would, the strains isolated were thought to be of human origin according to bio-typing and due to 

the fact that the majority of MRSA infections that were detected in companion animals was 

resembling human strains. Hence, it was assumed that the primary route of transmission between 

humans and animals, could only be achieved from the former to the latter-a ‘humanosis’57. To the 

contrary, the strains found in food producing animals, cattle58 chicken59 and pigs60, tended to 

originate from farm animals. A recent study shown light into this dispute when it demonstrated, 

that MRSA can be transmitted in both directions and not only from humans to animals as it was 

previously believed61. Factors causing stress, such as overcrowding, skin injury, contaminated 

surfaces and fomites alongside poor hygiene, can contribute to the transmission of MRSA. These 
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factors are applicable to both animals and humans. Shared contaminated surroundings can 

facilitate the transmission of the disease62. 

4.3. LA-MRSA in pigs 

LA-MRSA is believed to be the predominant MRSA strain found in pigs. An extensive spreading 

of CC398 has been reported among pigs. Multiple studies from the Netherlands report the 

prevalence of farms being positive, between 23%-81%, with the occurrence of the disease among 

individual pigs varying from 11% to 39%63. When studies were carried out to investigate the 

possible contamination of the environment of pigs, which were already tested positive, researchers 

suggested a strong correlation between the positive results from the environment and the pigs, 

hinting that the disease can be transmitted through dust/air within the farm. Furthermore the 

presence of finishing pigs in the farm, the farm size, the farming system (conventional/organic, 

open/closed), the usage of disinfectants and the amount of zinc added in the feed, influence the 

prevalence. The number of ST398 bacterial cells were increased in pigs’ nostril’s when zinc was 

added in the feed64. Due to colonization in the nares and skin of clinically normal pigs in an 

infected farm, it is shed with skin scales and also nasal secretions. It can be transmitted from the 

sow’s skin to the piglets at parturition and also by coming in contact with colonized pigs, 

contaminated pens, workers, as well as vehicles. A study showed that upon vaginal inoculation of 

the sow shortly prior to farrowing results in stable colonization, indicating that vertical 

transmission can be an effective mean of spread65. In fact it is 1-4 times more likely for piglets to 

be colonized when they are farrowed by a MRSA positive sow. Last but not least, trade of pigs’ 

further implicates transmission. The majority of LA-MRSA reports in pigs originate from 

Netherlands66, but in Europe it has also been found and recorded in pigs located in Germany67, 

Denmark68 and Ireland69. In a research done by European Food Safety Authority (EFSA) in 2009 

MRSA was identified in pig farms in 17EU member states70. The disease is an occasional cause 

of arthritis, mastitis, osteomyelitis, skin conditions and abscesses in pigs. As a matter of fact the 

only clone in Europe that has been connected with swine is ST398. Although it is more common 

in pigs, LA-MRSA CC398 has been reported in dairy cattle as well as poultry. In a research done 

in Belgian farms at which pigs were colonized with LA-MRSA CC398, it was discovered that 

other species including goats, dogs, cats and humans residing in this farm were colonized71.   
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4.4. LA-MRSA in humans 

Humans can get infected with MRSA by coming in contact with contaminated fomites, skin to 

skin contact with already infected person, by pus from an infected wound, direct contact with 

contaminated animals and eating or handling contaminated meat. Additionally potential sources 

of the disease could be visitation to a farm, having a house member employed in farming or 

contaminated environment. Transmission between hosts is achieved primarily through contact. 

MRSA was primarily thought to be a human pathogen, but the detection of the disease in Belgian 

dairy cattle in 1972 with mastitis changed that perception72. MRSA transmission was reported 

between Hungarian cows with subclinical mastitis and a worker who was found to be throat swab 

positive73. Once an animal gets exposed to MRSA it can become colonized, and serve as a 

reservoir. Through this way the disease can be transmitted to other animals as well as their human 

handlers. Many studies have shown that veterinarians and animal caretakers that come in contact 

with colonized animals may become colonized by MRSA themselves74,75,76,77. Nasal colonization 

has also been found in slaughterhouse workers78. Furthermore a lot of studies have proven 

transmittance of the MRSA CC398 from animals to their human handlers. Risk factors for the 

acquisition of LA-MRSA was working or encountering with pigs and cattle79.  However 15% of 

all LA-MRSA CC398 human cases in the Netherlands had no physical contact with pigs80.  

Moreover close association between density of farming and occurrence of LA-MRSA has been 

described before by van Loo81 indicating its significance in livestock-dense areas. Hence it is 

suggested that spread of MRSA-CC398 occurs independently from possible contact with livestock 

in the areas heavily populated by pigs82. A threefold increase in MRSA occurrence in a Dutch 

hospital83 and also 22% of people admitted in a German hospital84 both located in areas with high 

density of MRSA-CC398 positive pigs carried the bacterium. Human to human transmission of 

LA-MRSA CC398 was believed to be a very rare incident. In contrast with pigs, CC398 in humans 

can cause similar infections with S.aureus. MRSA-CC398 can effectively cause severe diseases in 

humans including endocarditis, pneumonia, bacteremia, skin and soft tissue infections. The strain 

has been isolated from hospitals causing septicemia, joint infections or post-operative infections 

of the surgical site. The majority of LA-MRSA infections are resistant to most antimicrobial 

agents, although there are still sufficient options for treatment.  Currently LA-MRSA is resistant 
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to macrolides, lincosamides, tetracyclines and β-lactams, and partly to fluoroquinolones. Instead 

it is susceptible to glycopeptides, rifampicin, daptomycin.  

4.4.1. MRSA and swine farm workers 

In the summer of 2004 in Netherlands, a 6-month-old girl was preoperatively diagnosed with 

MRSA. No member of the family had a history of travelling or being admitted to a foreign hospital. 

Attempts for decolonization took place, but they were unsuccessful and subsequently the girl’s 

parents were diagnosed positive for MRSA. The family lived on a farm and raised pigs. In the 

autumn of the same year further investigations were carried out, to the pigs of the MRSA positive 

father/farmer as well as to other regional pigs. During the process of the study four (4) more 

incidents of MRSA arose, the first was from a pig farmer in a different region, the second in the 

son of a veterinarian who worked with pigs, the veterinarian himself and also from the nurse in the 

hospital into which the kid was admitted. The investigators found an unknown type of MRSA in 

the pigs of both farmers, with the molecular typing methods allowing researchers, to determine 

that the pig isolates and the isolates from the pig owner are identical. This unique MRSA clone 

was found to belong to ST398 and also to a group or related spa types. Through a broader survey 

that was conducted in the area, they estimated that pig owners had a 760 times higher chance of 

carrying MRSA than the general population85, who were not exposed to swine. In pig farmers the 

colonization rate was found to be 23%, a number which is 100 times higher than that of the normal 

colonization rate in Netherlands. Since this initial study was performed many more studies that 

were conducted in France86, Netherlands87 and Canada88, came to prove the assumption, that there 

is a higher risk of contamination when working closely with pigs. Dust in rooms with heavily 

colonized pigs can also be a source of human contamination. Two different papers, documented 

the high incidence (77-86%)89 of nasal colonization of humans working in rooms with MRSA-

positive pigs, but the degree of colonization seems to be dependent upon intensity of interaction 

alongside the duration of exposure90.   
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Figure 9. Nasal origin isolates resistant to antimicrobials91 

According to Figure 9 one can draw the conclusion, that people closely associated with pig 

farming, have a greater resistance to antimicrobial agents compared to people having no contact 

with pigs. The level of antimicrobial resistance between farmers, veterinarians and pigs is 

essentially the same. It was also noted on this survey, that the strains of MRSA detected were 

identical in both humans and pigs. Due to comparative surveys being conducted, there is a 

suspicion that resistance might be altered with decreased usage of antimicrobial agents in pig 

farming.  A recent study in Germany taking into consideration a declining usage of antibiotics in 

animal farming, documented a decrease in MRSA prevalence in pigs and LA-MRSA occurrence 

in humans, regardless of physical contact with the animals92. In the Netherlands, in order to reduce 

the usage of antibiotics a national program has been implemented since 2010. However, different 

patterns concerning antimicrobial resistance might be related to different farming techniques as 

well as management, for example difference in the number of animals hosted in a farm. Particularly 

in the Netherlands the usage of antibiotics is closely related with the farm size. Farm containing 

less than 250 sows use an average of 15 daily dosages whereas a farm with more than 600 sows 

uses 50 daily dosages of antibiotics93. Table 3 shows the prevalence of ST398 and carriage of 

MRSA in healthy population, a summary from different studies indicating that working or living 

in a swine farm is a risk for MRSA acquisition94. 
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Table 3. Prevalence of ST398 and carriage of MRSA in healthy population 

Population Country No. of subjects MRSA ST398 

Pig farmers95 Netherlands 26 23% 23% 

Veterinarians96 International 345 7% 0% 

Pig veterinarians97 International 235 14% 13.1% 

Veterinarians and veterinary 

personnel 98 

Czech Republic 280 0.7% 0% 

Veterinarians99 Belgium 146 9.5% 7.5% 

Pig farmers 100 Belgium 127 37.8% 37.8% 

Pig farmers(exposed to MRSA 

positive pigs)101 

Germany 113  86% 

Pig workers102 USA 20 45% 45% 

Pig farmers103 IRELAND 100 2% 0% 

Slaughter house workers104  Netherlands 249 5.6%  

4.4.2. MRSA and slaughterhouse workers 

With the use of human and environmental samples three big slaughterhouses were studied in the 

Netherlands in 2008. The study proved that working with live pigs was the most important factor 

for abattoir workers getting colonized with MRSA (table 4).  

Table 4: prevalence of, slaughterhouses’ workers, nasal MRSA carriage105 

Contact 

with swine 

Function Total samples MRSA 

positive 

Percentage 

 

Live pigs 

Livestock transport worker 41 9 22% 

Official veterinarian +auxiliary 13 2 15.4% 

Lairage worker 32 2 6.3% 

Dirty area worker 7 1 14.3% 

Dead pigs Clean area worker 127 0 0% 

Other Administrative personnel 29 0 0% 

Total  249 14 5.6% 
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The prevalence of MRSA found on the employees of the slaughterhouse is low (5.6%). Taking 

into consideration that the prevalence of the disease in retail meat is considerate, one can assume 

that the employees do not seem to be a significant source of meat contamination with MRSA. 

People in this study that did not work with live pigs all turned out to test negative for MRSA 

carriage. Hence, it is more probable that meat contamination with MRSA occurs through the 

equipment and the slaughterhouse environment. This cross-contamination has also been 

demonstrated for Salmonella spp. in slaughterhouses106.  

4.5. LA-MRSA in pork 

Staphylococcus aureus is considered to be one of the most common pathogens causing food 

poisoning. Food poisoning from S.aureus is the result of staphylococcal enterotoxin production. 

Many type of enterotoxins, have been found and reported in connection with S.aureus107. These 

enterotoxins have an immunosuppressive action; triggering nonspecific proliferation of T-cells. 

As an outcome, symptoms like abdominal pain, vomiting, high fever and diarrhea 2-6 hours after 

the consumption of contaminated food occur. In general though, clinical signs of food poisoning 

from S.aureus are mild. Hence, we can safely assume that the actual number of incidents of food 

poisoning derived from S.aureus is much higher than reported.  

The isolation of MRSA strains from several food producing animals has been noted. During 

slaughtering MRSA-positive animals, there is a possibility of contaminating the carcasses with 

MRSA and eventually contamination of the meat of these animals may occur. Meat can frequently 

be contaminated with MRSA and can potentially be a vector for transmission of the disease after 

handling unprocessed meat or after ingestion. Ham has been described as the most frequently 

associated with food poisoning cause by staphylococci. There is a great variation in S.aureus 

isolates in pork. Recovery from 5%108 of the samples has been reported, but also recovery from 

more than half fresh pork samples has been reported to be found positive as well109. In Germany 

according to national surveillance programs in pig meat at retail it was found to be contaminated 

at a percentage of 16%110.  In Netherlands out of 309 pork meat samples collected 33 (10.7%)111 

of them were positive for MRSA contamination.   However food intoxication involving MRSA 

CC398 has not been reported yet and additionally it is found to be rare for this clonal complex to 

carry enterotoxin genes112. Van Loo detected 2(2.5%) MRSA strains out of 79 samples of raw beef 

and pork113, although in that study a different detection method was applied which could explain 
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the low positive percentage. Raw unprocessed meat may contain MRSA as a result of 

contamination during the slaughtering process. Although nasal areas are believed to be the primary 

location of the organism it has been reported that it also resides in the intestines114. Hence, during 

slaughtering, carcasses can get contaminated through intestinal tract contents, from the infected 

personnel or from the slaughtering environment. Food is not considered an important route of 

transmission of the disease although one study discovered one patient colonized with MRSA-

CC398 reporting; buying from a farm shop, could be a potential risk factor for acquiring the 

disease. Undoubtedly, food could be a possible route of transmission, but factors like compliance 

with kitchen hygiene as well as the frequency of consumption need to be taken into consideration 

when committing further future researches. It is important to state that this far there are no signs 

that LA-MRSA in pork has significantly contributed to the dissemination of the disease among 

humans.    

4.6. The swine’s industry point of view 

Before the research and investigation done in Netherlands very few MRSA infections in swine 

workers had been reported and documented. S.aureus is not considered to have a considerable 

economic impact on swine production and therefore an insignificant impact on the industry. 

Additionally only a small number of human infections caused by this particular clone has been 

severe in Europe, and only one case was fatal. For all the above mentioned reasons, the industry 

has little motivation to study S.aureus or MRSA in particular.  In contrast to the swine industry, 

some researchers think that ST398 has significant implications for the swine industry. P. van der 

Wolf concluded in a paper presented at the Iowa State University Swine Disease Conference in 

2007 that, "a new type of MRSA has established itself in livestock throughout Europe and other 

parts of the world forming a reservoir of infection for humans who are in close contact to these 

animals. This establishment has large consequences for the livestock industry and the people 

working in that industry. Interventions are largely unknown and research is ongoing."115 Thomas 

Blaha concluded that, "Although there is no acute threat to human health due to MRSA ST398 (no 

steep increase of human cases reported) it is advisable to watch the occurrence and epidemiology 

of the pig-associated MRSA clonal line ST398 closely. Humans occupationally exposed to pigs 

should be educated about the potential risk for themselves and about their potential of carrying 

MRSA into a hospital."116 
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5. Methicillin-resistant Staphylococcus aureus in Ireland 

5.1. MRSA in Irish human population 

During 2002, it was found that out of 998 S.aureus isolates from human patients with bacteremia 

416 (42%) were resistant to methicillin. This statistic placed Ireland fourth highest out of 27 

European countries who submitted data to the European Antimicrobial Resistance Surveillance 

System (EARS). On 2008, 100 individuals were screened through nasal swabs, for nasal carriage 

of MRSA during Tullamore Pig Health Symposium. The individuals were farmers as well as 

personnel employed in the pig industry in Ireland. Only two individuals were identified to be 

nasal carriers of MRSA. The first ST398 isolation occurred at 2012 on an elderly patient resident 

of a rural nursing home. On 2009 he was admitted to a hospital and screened for MRSA. After 

nasal swabbing he tested positive. Decolonization followed after which the patient tested 

negative in all subsequent screenings until 2011. On October of that year, upon another 

admission of the same patient to the regional hospital when screened for MRSA, he tested 

positive on a swab taken from his throat while results came back negative from nasal and 

perineal samples. MRSA isolates that were recovered were submitted to the Irish National 

MRSA Reference Laboratory (NMRSARL) for molecular typing. Out of the two MRSA isolates 

that were recovered, typing suggested that they were distinctively different. One was found to be 

ST22-MRSA-IV and the other one ST398 as confirmed by DNA microarray profiling.  ST22-

MRSA-IV belong to clonal complex (CC) CC22, while ST398 belongs to CC398. It was not 

possible at the time, for investigators to trace the source of the infection. “This is the first 

reported case of ST398 MRSA in Ireland and although it was not possible to trace its source, it is 

important to note the similarity of this isolate with other spa type t011 ST398-MRSA strains of 

swine, bovine, and chicken origin,” the report states117. In Figure 10, the total number of invasive 

isolates tested (N) and percentage with resistance to methicillin (MRSA) including 95% 

confidence intervals (95% CI), in Ireland 2011-2014118, is described.  
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Figure 10. Percentage (R%) with resistance to methicillin (MRSA) from 2011-2014119. 

As the prevalence of human infection of MRSA in Ireland is among the highest in Europe, it is 

possible that both pig and human strains exist in a percentage of Irish farms with pigs. Additionally 

the presence of foreign workers who constitute an accountable percentage of the labor on Irish pig 

farms, could potentially be a source of introduction of MRSA strains in Ireland.  

5.1.1. National MRSA Reference Laboratory  

Investigates MSSA and MRSA isolates upon the request of microbiological laboratories 

throughout Ireland. It has the ability to include isolates that were recovered from different patients 

and environmental sites from both community and hospital sources. It also contributes to the 

analysis of all MRSA bloodstream infection isolates, from Irish patients, hospitalized in 

institutions that participate in The European Antimicrobial Resistance Surveillance Network 

(EARS-Net) project.  

5.2. MRSA in Irish pig farms  

5.2.1. Early reports (2007-2011) 

The National Reference Laboratory (NRL) had conducted two surveys in the look for evidence of 

MRSA in pigs. The first one was conducted in 2007-2008, investigating the presence of MRSA in 

the nasal cavity of pigs present in a slaughterhouse. 960 samples were taken from 96 herds, in 8 

abattoirs over a course of 6 weeks. No positive samples were detected. Upon the second survey 
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which was conducted in 2008, as a part of a European baseline study for the presence of Salmonella 

and MRSA in breeding pigs, 190 dust samples were collected and for once more, none of the 

samples was found to contain MRSA (fig 11).  

 

Figure 11. Prevalence of MRSA ST398 positive breeding holdings, MRSA EU baseline survey in 

breeding pigs, 2008120. 

Out of 440 pigs that were screened for MRSA on 2008, from 41 geographically distributed farms, 

no swine was found to carry it. In addition 15 dust samples from 3 abattoirs (5 in each) were 

collected which were again found to be negative for MRSA. During this study, the pig farms that 

were selected were located within high density pig farming locations. The size of the herds within 

the farms tested was varying from 246 pigs to 15.050 pigs. In 2008, the southern part of Ireland 

represented 68% of the pig population on the island according to the Central Statistics Office. This 

trend is present until today (fig 12).  
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Figure 12. Pig population in Ireland 121 

On a European survey of MRSA-ST398 isolates in 2009, Ireland was not included in the countries 

with the highest proportions of the incidence, ranging from 1.6% to 11.9%122. The possible 

explanation for the low prevalence in Ireland until that time was the low importation of pigs, which 

led to limited opportunities for the importation and spread of MRSA-ST398.Until 2011 Irish pigs 

were considered free of MRSA. Until 2012 no report on Irish animals indicated the presence of 

MRSA ST398 among them, despite the prevalence of ST398 in Europe among pigs, associated 

workers and their families.  

5.2.2. Most recent reports (2012-present) 

On 2012/2013 a MRSA-CC398 isolate was identified in a joint abscess of a pig, during a post 

mortem examination at the University College Dublin Veterinary Hospital (UVH). The farm, 
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FARM A, to which the MRSA positive pig was identified was visited. Nasal swabs from 100 pigs 

and 5 farm workers who were in contact with the pigs were collected. 8/100 pigs and 4/5 farmers 

tested positive for MRSA-CC398. This farm had been repopulated prior to the isolation of MRSA 

with gilts originating from Ireland and Germany. As a continuation of this investigation, another 

farm was sampled, FARM B, which was the finishing unit of FARM A, meaning that all weaned 

pigs from FARM A were delivered to FARM B at around 12 weeks of age. 10 farm workers were 

tested from FARM B. MRSA isolates were recovered from 5/10 nasal swabs from workers of 

FARM B. All isolates were found to belong to CC398123. According to NMRSARL CC398 

S.aureus represented 0.19% of S.aureus genotyped between 2010 and 2014124. At this point it 

needs to be mentioned that MRSA infection in animals is not considered notifiable in Ireland. Thus 

no requirement for screening of imported animals exists. This policy may need to be reconsidered 

since importation of pigs from Germany, a region which has been documented to have a high 

prevalence of CC398 in both animals and humans, led to spreading of the disease in Irish pigs and 

farmers. On another occasion University College of Dublin (UCD) investigated two farms. The 

setting was the same. Farm A was providing second stage weaners to farm B. Farm A was 

composed by 2000 sows and was found MRSA positive. Farm B, introduced pigs from farm A, 

into its holding on June and July 2012 prior to MRSA detection in farm A. Depopulation, cleaning 

and disinfection was applied in farm B. Farmer repopulated the unit by introducing pigs into his 

holdings from a MRSA free farm. Within two hours after their introduction, pigs tested positive 

for MRSA. Further investigations were carried through in order to identify the source of infection. 

42 nasal swab samples were collected randomly throughout the farm. 23.8% of swine sampled was 

found to be MRSA positive. Additionally, environmental swabs were collected from both an 

occupied and an unoccupied room. Environmental samples from occupied finisher room were 

found to be 42% positive on MRSA125. Unoccupied room was found to be MRSA free. After 

molecular typing the spa type was determined to be t105 which belongs to CC398. It was also 

determined that the source of infection and recolonization was the loading ramp126. 

Antimicrobial susceptibility testing was carried out, the results of which showed that the majority 

of strains were resistant to β-lactams, lincomycin and erythromycin. Only one isolate showed 

resistance to tobramycin (Fig 13). 
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Figure 13. Resistance in antimicrobial agents127. 

An additional research was put on motion by UCD to further investigate MRSA in pigs, as an 

emerging pathogen of public health significance. Unfortunately due to the detection of MRSA 

ST398 during the late stages of the field study the researchers decided to use their discovery in 

order to perform a longitudinal study investigating the dissemination of the organism within the 

different production stages. Investigation was carried through on 4 farms, of which their 

colonization rate varied between 15%-70%128. It was found that colonization level tended to peak 

during first stages of weaning, which was attributed to the increased level of stress as well as with 

the mixing of animals, taking place during that period. The sows were found to be a significant 

source of colonization for the piglets. Those born to nasal-positive sows had 12 times higher 

chances to become positive themselves. While being born to nasal and vaginal-positive sows 

increased those chances threefold. Through molecular typing two different clonal complexes were 

discovered. CC9, with the majority of MSSA isolates on Irish pig farms belonging to this clonal 

complex, and also MSSA ST398 being multidrug resistant but not to methicillin129. This project 

deduced that, if control measures for the prevention of the introduction of the bacterium inside the 

farm are followed then they will be useful. Such are, strict disinfection, only buy and introduce 

pigs from MRSA-free herd and reduction of antibiotics usage as much as possible. Finally it was 

suggested that nasal swab sampling is not the most sensitive technique, due to the multiple 
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organism colonization in the tonsils. Probably this finding is of greater relevance for individual 

animals which may be brought into a herd and need a MRSA-free certification.  

6. Control and eradication mechanisms 

6.1. Antimicrobial agents consumption 

Usage of antibiotics in animals potentially increases the risk factor for dissemination and selection 

of resistant microorganisms. A lot of antibiotics used in animals is the same as the components 

used in human medicine. Every time an antibiotic is used resistance-a natural process- develops. 

Risk of resistance increases, when the antibiotics are used too often, for too short duration, for too 

long, at low dosages and for treating a disease not susceptible to the specific antibiotic agent. 

Antibiotics are a useful tool once used appropriately. The European Surveillance of Veterinary 

Antimicrobial Consumption programme (ESVAC) was introduced. Since 2009 Health Products 

Regulatory Authority (HPRA) has published data for antimicrobial sales. These data are collated 

by HRPA for ESVAC. Data on antimicrobial use in animals are limited, but some indicative 

information can be obtained through that initiative. As Dr. Micheál O' Mahony mentioned “these 

data (fig 14) have many limitations, yet are the best available, and much more useful than were 

available before this initiative. Notably they come from central records of drug companies, not 

prescribing data, hence they indicate what is sold and not what is prescribed. As an outcome drugs 

marketed for pigs and prescribed to fish under cascade will appear here as going to pigs. 

Furthermore these data come in crude tones, which don’t take into account greater potency of some 

molecules (lower tones might have more effect). Also it does not take into account differing 

populations, Ireland has more cattle than sheep, or different dosages, cattle are bigger than sheep. 

The various DANMAP reports pertaining to food production in Denmark are much more useful 

set of data but just for that country”. DANMAP is the Danish program for surveillance of 

antimicrobial consumption and resistance bacteria from animals, food and humans.  
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Figure 14. Distribution of sales (tons) of antibiotics supplied for veterinary use in 2013 in Ireland130 

 

 

Figure 15. Antimicrobial sales in Ireland 2009-2012131. 

From figure 15 one can safely estimate the usage of β-lactam antibiotics over the course of the 

given years. Furthermore, data currently available allowed researchers to estimate the use of 

antimicrobial agents in pig production in Ireland during 2011, estimated to be between 96.6 to 

152.5mg/kg pig meat while in Denmark, Danish data indicate a 40mg/kg pig meat of antimicrobial 
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agent during the same year132. MRSA in animals is a spillover of the prevalence of MRSA in 

people, arising from use of methicillin in people and therefore the primary method of tackling the 

issue would be to reduce the selection pressure i.e. prescribing of methicillin in human medicine. 

Secondary approaches would probably target spread to animals, human clinical waste or normal 

organic waste management, to prevent transmission to animals. Tertiary methods would not aim 

at controlling prevalence in animals, but try to minimize spread from animals to humans. 

6.2. International Trade  

Imported food needs to be taken into consideration while developing systems for surveillance of 

antimicrobial resistant bacteria in food. The following data (table 5) collected by Central 

Statistics Office indicate that in Ireland more meat is imported than is produced. A great 

proportion will be re-exported following processing. Hence, the importance of international trade 

also needs to be considered, as far as introduction and spreading of antimicrobial resistant 

organisms is concerned.  

Table 5.  Pig-producing sector in Ireland 2011133 

Total animal 

numbers 
Meat category 

‘000 tons 

produced 
% exported 

‘000 tons home-

produced sold in 

Ireland 

‘000 tons 

imported 

1.5 million 

pigs 
Pig meat 235 77 54 77 

6.3. Cleaning and disinfection  

On a research published on 2015 which was conducted in Germany, strict disinfection and 

decontamination was employed in order to investigate the possibility of complete MRSA 

eradication from the pig holdings. The rate of MRSA prevalence prior to decontamination was 

32.7%. All pigs in the farm prior to decontamination were culled. An extra new unit was built 

during this period to host the new pig arrivals. Upon introduction of the new pigs, no mixing 

occurred, and all of them settled in the new stable (stable B). However though, pigs would go to 

the old unit (stable A) for insemination. During the cleaning, all equipment of the farm was 

dismantled and disposed. New technical equipment and pipes were reinstalled after the disinfection 

process. After decontamination and during the course of investigation, showering and a complete 
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change in clothing was obligatory before entrance to the farm. Moreover to any person that had 

contact with pigs in the previous 48 hours, access was denied. Two days after the arrival of the 

new pigs, when 30 of them were screened for MRSA, 25% in the old stable and 4.5% in the new 

stable tested positive for MRSA. After resampling 2 months later the percentage of MRSA carriage 

reached 37.5% (fig 16) which is close to the initial levels, prior to decontamination. Resampling 

took place again 12 months later. 38 pigs were screened in total from both new and old units. 

MRSA was recovered out of 12, hence a colonization rate of 31.6%.  

 

Figure 16. Positive samples of pigs after culling and decontamination134. 

MRSA isolates were also detected from environmental samples, dust, water and air samples 24 to 

48 hours after introduction of the new sows in the unit, MRSA isolates were present in both new 

and old units. According to this study, with the process of decontamination followed, the initial 

strains of MRSA were eliminated and recolonization occurred by different strains. The origin and 

source of these strains were not investigated. They concluded that control of MRSA can be 

achieved through aggressive control measures, total decontamination and new construction of 

stables. Pigs already present in the farm need to be culled, workers should be decolonized and 

infection control measures should be applied. Due to costly measures taken during this research 

the question arising is whether active screening and strict application of protocols for infection 

control would have been sufficient for complete elimination of LA-MRSA. It has been concluded 

that effective cleaning and disinfection, including ventilation systems, prior to the arrival of the 

new pigs is necessary in order to avoid transmission of MRSA between animals135. It is possible 

to eradicate resistant bacteria from pig farms but the process however is costly. On the other hand, 

it should convey benefits to the farmer.  
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6.4. Food processing 

Animal origin foodstuffs are a considerable source of antibiotic-resistant bacteria within the food 

chain. Undercooked or raw food is much more likely to contain bacteria, as well as antibiotic-

resistant bacteria, that come from primary production136,137. However, foods that receive 

microbiocidal treatment, like high pressure cooking, are less likely to be a source of antimicrobial-

resistant bacteria. Instead, if intact DNA coding for resistance is present, then it may persist138. It 

is currently uncertain whether bacteria in the human gut uptake the resistance genes in food. 

Furthermore, not only the bacteria deriving from primary production can pose a threat. Processed 

food can get contaminated during storage, preparation and serving. Currently in Ireland, MRSA in 

food is not of primary concern and there is a larger focus on Campylobacter and Salmonella 

presence in feedstuff.  

6.5. Education  

It is of major importance for pig farmers, pig transporters, pig slaughtering facilities and 

veterinarians to be made aware that CC398 is spreading within Irish pig industry. People working 

closely with live pigs ought to understand that they are more likely to get contaminated by LA-

MRSA and need to consider the possible health implications in case they require surgical 

intervention or if they develop immunosuppressive conditions. Currently farmers, handlers and 

veterinarians are aware of the bacterium and the consequences, in particular when the immune 

system is compromised. However, MRSA is not a notifiable disease. Therefore, people cannot be 

forced to test for it and they are unable to stop imports from infected herds making the situation 

worse. Veterinarians need to be aware of the possibility of MRSA infection in animals as well as 

their possible participation in transmission. Veterinary practices, should employ infection control 

procedures for the bacterium in order to reduce its transmission. Appropriate advice to owners of 

MRSA infected livestock should also be provided. Moreover, pig farmers should strictly apply 

standard hygiene i.e. wash hands after contact with pigs, use specific clothing for the piggery. 

These measures should be reinforced by the use of protective gloves and the use of respirator mask 

while carrying out activities generating dust.  
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6.6. Medicine  

6.6.1. Phages 

Phages are the most ubiquitous microbes on Earth. Our dental plaque, gastrointestinal tract, skin, 

and other organs, as well as our drinking water and food, are loaded with these microorganisms, 

and we live harmoniously with them139. Currently research teams and companies around the world 

are actively researching in order to develop phage products for the treatment of antibacterial-

resistant infections. Phages firstly attach on the bacterium and puncture its membrane with the use 

of 2 enzymes, holins and lysins. Phages’ DNA is injected, inhibiting bacterial DNA transcription. 

New phages are produced. Eventually the bacterial wall will burst to release phages. Researchers 

as an alternative are trying to isolate the phage enzyme instead. No phage therapies for MRSA are 

currently in human use. Phages could have use in livestock for the prevention and treatment of 

diseases. They could potentially increase the effectiveness of antibiotics and assist in overcoming 

antibiotic resistance.  

6.6.2. Oritavancin 

In 2014 United States approved Oritavancin for treatment of skin infections. It is a glycopeptide 

antibiotic used for treatment of serious Gram+ bacterial infections. Its chemical structure is similar 

to vancomycin.  

6.6.3. Vaccination 

Staphylococcus aureus is currently the leading cause of soft tissue and skin infection and one of 

the most important health-care associated infections, yet no vaccine has been commercialized 

until today. A lot of candidate vaccines have failed. However, substantial development has taken 

place and efforts will resume in order to tackle an infection which is becoming even harder and 

more expensive to treat.  
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7. Conclusion  

After its introduction in Netherlands, LA-MRSA has caused significant threat to humans. It has 

spread across Europe by both humans and animals. CC398 was not discovered until recently in 

Ireland and studies have determined that strains of MRSA can be found in both pigs and swine 

workers and they can be of same origin. Factors like, failure to routinely use protective equipment, 

daily exposure to big numbers of swine and working with swine carrying MRSA increase the risk 

for farm workers to get infected. Government guidelines or regulations should be considered in 

order to minimize each of these factors. Controlled use of antibiotics is essential in order to 

minimize the occurrence of resistance in bacteria such as Staphylococcus aureus, and all Europe 

is having the same aim with Netherlands having already decreased the usage of antibiotics by 

almost 70%. Further strategies and legislations should be developed concerning this issue. 

Confirmation of LA-MRSA in pig slaughterhouses and the slaughterhouses’ workers, as well as 

retail meat, hints that further caution should be applied and screening for MRSA on such occasions 

may be required routinely. Without a doubt elimination of the organism from the farm currently 

poses a great cost for the farmer, and includes replacement of the stock, cost of interrupting the 

production, as well as the cost of depopulation. Screening of the workers should take place as well 

in order to eliminate the possibility of human-to-pig transmission. Human decolonization would 

also add to the overall costs. Until medical breakthroughs occur related to this issue, the best 

someone could do, is avoid introduction of this organism into the unit, either this is a farm or a 

slaughterhouse.    
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8. Summary  

It was 1942 when the first penicillin resistant S. aureus was detected and only 20 years later that 

the first MRSA strains were isolated. Since then MRSA became a major concern for both human 

and veterinary medicine. S. aureus rarely causes clinical signs and the problem is only exacerbated 

when the immune system of the host is compromised. MRSA is categorized into HA-MRSA, CA-

MRSA and LA-MRSA. Different molecular typing techniques have been developed in order to 

detect and differentiate different types. LA-MRSA is spreading via contact with contaminated 

fomites, pus from infected wound, eating/handling contaminated meat, visitation or employment 

in a swine farm as well as presence in contaminated environment with dust being an important 

source of human contamination. Moreover factors like overcrowding, skin injury, contaminated 

surfaces as well as poor hygiene contribute to the transmittance of the diseases. Pig owners, have 

760 times higher chance of carrying MRSA than that of general population. Prevalence of MRSA 

within a farm is influenced by the size of the farm, the farming system, the level of antibiotic usage 

and the density of livestock around the area that the farm is located. Clonal complex 398 is 

documented to be the most widely disseminated LA-MRSA strain and is believed to have evolved 

from human MSSA. Although in pigs MRSA rarely causes significant clinical signs, in humans, 

especially when the immune system is compromised, MRSA CC398 can cause severe diseases 

like, endocarditis, septicemia, pneumonia as well as skin and soft tissue infection. The prevalence 

of human infection of MRSA in Ireland is among the highest in Europe with the first CC398 isolate 

being detected in 2011 with many more isolations having followed the primary detection. Clinical 

signs of food poisoning with MRSA are mild. Food intoxication involving MRSA CC398 has not 

been reported yet and it is rare for this clonal complex to carry enterotoxin genes. Food is not 

considered to be an important route of transmission of the disease. It is important though to state, 

that this far, there are no signs that LA-MRSA in pork has contributed significantly to the 

dissemination of the disease among humans. Furthermore, since S. aureus has no considerable 

economic impact on swine production and therefore an insignificant impact on the industry little 

or no motivation to further study S. aureus or MRSA in particular exists.  

 

 

 



 

36 
 

9. Bibliography

1 Community-associated MRSA Information for Clinicians. Available at: 

http://www.cdc.gov/mrsa/pdf/mrsa-strategies-expmtgsummary2006.pdf . Accessed Oct 10, 2016. 
2  "Antibiotic Resistance." World Health Organization. World Health Organization, Oct. 2016. 

Web. 01 Nov. 2016. 
3 Antimicrobial resistance. (n.d.). Retrieved November 15, 2016, from 

https://en.wikipedia.org/wiki/Antimicrobial_resistance 
4  "Microbiology Module." Microbiology Module — Antimicrobial Resistance Learning Site For 

Veterinary Students. Michigan State University, 2011. Web. 15 Nov. 2016 
5  "Microbiology Module." Microbiology Module — Antimicrobial Resistance Learning Site For 

Veterinary Students. Michigan State University, 2011. Web. 15 Nov. 2016 
6 Robert Schmieder, Robert Edwards.Insights into Antibiotic Resistance Through Metagenomic 

Approaches. Future Microbiol. 2012;7(1):73-89. 
7Blair, Jessica M. "Molecular Mechanisms of Antibiotic Resistance." Natural Reviews 

Microbiology 13 (2015): 42-51. Web. 15 Nov. 2016 
8 Katayama, Y., Ito, T., and Hiramatsu, K. 2000. A new class of genetic element,staphylococcus 

cassette chromosome mec, encodes methicillin resistance in Staphylococcus aureus. Antimicrob. 

Agents Chemother.44:1549–1555. 
9 Chambers. Penicillin-Binding Protein-Mediated Resistance in Pneumococci and Staphylococci. 

J Infect Dis. (1999) 179(Supplement 2): S353-S359.doi: 10.1086/513854 
10 "Microbiology Module." Microbiology Module — Antimicrobial Resistance Learning Site For 

Veterinary Students. Michigan State University, 2011. Web. 15 Nov. 2016 
11 Skinner, D., and Keefer, C.S. 1941. Significance of bacteremia caused byStaphylococcus 

aureus. Arch. Intern. Med. 68:851–875. 
12 Rammelkamp, C.H., and Maxon, T. 1942. Resistance of Staphylococcusaureus to the action of 

penicillin. Proc. Royal Soc. Exper. Biol. Med.51:386–389. 
13 Kirby, W.M.M. 1944. Extraction of a highly potent penicillin inactivator from penicillin 

resistant staphylococci. Science. 99:452–453. 
14 Jevons, M.P. 1961. “Celbenin”-resistant staphylococci. Br. Med. J.1:124–125. 
15 Cosgrove, S.E., et al. 2003. Comparison of mortality associated with methicillin-resistant and 

methicillin-susceptible Staphylococcus aureus bacteremia:a meta-analysis. Clin. Infect. Dis. 

36:53–59. 
16 Lyon, B.R., Iuorio, J.L., May, J.W., and Skurray, R.A. 1984. Molecular epidemiology of 

multiresistant Staphylococcus aureus in Australian hospitals. J. Med. Microbiol. 17:79–89. 
17 Brigitte Berger-Bächi, Susanne Rohrer. Archives of Microbiology, 2002, Volume 178, Number 

3, Page 165 
18 Lowy, Franklin D. “Antimicrobial Resistance: The Example of Staphylococcus 

Aureus.” Journal of Clinical Investigation 111.9 (2003): 1265–1273. PMC. Web. 10 Oct. 2016 
19 Lowy, Franklin D. “Antimicrobial Resistance: The Example of Staphylococcus 

Aureus.” Journal of Clinical Investigation 111.9 (2003): 1265–1273. PMC. Web. 10 Oct. 2016 
20 Lowy, Franklin D. “Antimicrobial Resistance: The Example of Staphylococcus 

Aureus.” Journal of Clinical Investigation 111.9 (2003): 1265–1273. PMC. Web. 10 Oct. 2016. 

                                                           

http://www.cdc.gov/mrsa/pdf/mrsa-strategies-expmtgsummary2006.pdf


 

37 
 

                                                                                                                                                                                           
21 European Centre for Disease Prevention and Control. Antimicrobial resistance surveillance in 

Europe 2014. Annual report of the European Antimicrobial Resistance Surveillance Network 

(EARS-Net). Stockholm, Sweden 2015 
22 Crombé, Florence, and Glenda Willems. "Prevalence and Antimicrobial Susceptibility of 

Methicillin-Resistant Staphylococcus Aureus Among Pigs in Belgium." Microbial Drug 

Resistance 18.2 (2012): 125-31. Web. 24 Oct. 2016 
23 Mehndiratta P L, Bhalla P. Typing of Methicillin resistant Staphylococcus aureus: A technical 

review. Indian J Med Microbiol 2012;30:16-23 
24 Skinner, D., and Keefer, C.S. 1941. Significance of bacteremia caused by Staphylococcus 

aureus. Arch. Intern. Med. 68:851–875 
25 Rolinson GN. Forty years of beta-lactam research. J Antimicrob Chemother 1998;  
26 Jevons MP (1961). Celbenin-resistant staphylococci. B M J1:124-5. 
27 Summary of the latest data on antibiotic resistance in the European Union. Available at: 

http://ecdc.europa.eu/en/publications/Documents/antibiotic-resistance-in-EU-summary.pdf. 

Accessed Oct 7,2016 
28 Venezia, R.A., Domaracki, B.E., Evans, A.M., et al. Selection of high-level oxacillin resistance 

in heteroresistant Staphylococcus aureus by fluoroquinolone exposure. J Antimicrob Chemother 

2001;48:375-381 
29 Coello, R., Glynn, J.R., Gaspar, C., et al. Risk factors for developing clinical infection with 

methicillin-resistant Staphylococcus aureus (MRSA) amongst hospital patients initially only 

colonized with MRSA. J Hosp Infect 1997;37:39-46. 
30 Graffunder, E.M., Venezia, R.A. Risk factors associated with nosocomial methicillin-resistant 

Staphylococcus aureus (MRSA) infection including previous use of antimicrobials. J 

Antimicrobiol Chemother 2002;49:999-1005 
31 Faires, Meredith C et al. “A Prospective Study to Examine the Epidemiology of Methicillin-

Resistant Staphylococcus Aureus and Clostridium DifficileContamination in the General 

Environment of Three Community Hospitals in Southern Ontario, Canada.” BMC Infectious 

Diseases 12 (2012): 290. PMC. Web. 11 Oct. 2016. 
32 Deurenberg RH, Vink C, Kalenic S, Friedrich AW, Bruggeman CA, Stobberingh EE. The 

molecular evolution of methicillinresistant Staphylococcus aureus. Clin Microbiol 

Infect.2007;13(3):222-35. 
33 European Centre for Disease Prevention and Control. Antimicrobial resistance surveillance in 

Europe 2009. Annual report of the European Antimicrobial Resistance Surveillance Network 

(EARS-Net). Stockholm, Sweden: ECDC; 2010. 
34 S.Stefani et al. "Meticillin-resistant Staphylococcus Aureus (MRSA): Global Epidemiology and 

Harmonisation of Typing Methods." International Journal of Antimicrobial Agents 39.4 (2012): 

273-82. Web. 11 Oct. 2016 
35 Mangram, Alicia J. et al "Guideline for Prevention of Surgical Site Infection, 1999." American 

Journal of Infection Control 27.2 (1999): 97-134. Web. 11 Oct. 2016. 
36 Tenover FC, Goering RV. Methicillin-resistant Staphylococcus aureus strain USA300: origin 

and epidemiology. J Antimicrob Chemother. 2009;64(3):441-6 
37 Centers for Disease Control and Prevention. 20010. Active Bacterial Core Surveillance Report, 

Emerging Infections Program Network, MethicillinResistant Staphylococcus aureus, 2010. 

Available via the Internet: http://www.cdc.gov/abcs/reports-findings/survreports/mrsa10.html 
38 Strandén, A., Frei, R., Adler, H., et al. Emergence of SCCmec type IV as the most common type 

of methicillin-resistant Staphylococcus aureus in a university hospital. Infect 2009;37:44-48. 

http://ecdc.europa.eu/en/publications/Documents/antibiotic-resistance-in-EU-summary.pdf


 

38 
 

                                                                                                                                                                                           
39 Charlebois, E.D., Perdeau-Remington, F., Kreiswirth, B., et al. Origins of community strains of 

methicillin-resistant Staphylococcus aureus. Clin Infect Dis 2004;39:47-54. 
40 Diederen BM, Kluytmans JA. The emergence of infections with community-associated 

methicillin resistant Staphylococcus aureus. J Infect. 2006;52(3):157-68. 
41 Klevens, R.M., Edwards, J.R., Tenover, F.C., et al. Changes in the epidemiology of methicillin-

resistant Staphylococcus aureus in intensive care units in US hospitals, 1992-2003. Clin Infect Dis 

2006a;42:389-391 
42 Naimi, T.S., LeDell, K.H., Como-Sabetti, K., et al. Comparison of community- and healthcare 

associated methicillin-resistant Staphylococcus aureus infection. J Am Med Assoc 

2003;290:2976-2984. 
43 Zetola, N., Francis, J.S., Nuermberger, E.L., et al. Community-acquired methicillin-resistant 

Staphylococcus aureus: An emerging threat. Lancet Infect Dis 2005;5:275-286. 
44 Klevens, R.M., Morrison, M.A., Fridkin, S.K., et al. Community-associated strains of 

methicillin-resistant Staphylococcus aureus and healthcare risk factors. Emerg Infect Dis 

2006b;12:1991-1993. 
45 Nichol, K.A., Adam, H.J., Hussain, Z., et al. Comparison of community-associated and health 

care-associated methicillin-resistant Staphylococcus aureus in Canada: Results of the CANWARD 

2007-2009 study. Diagn Microbiol Infect Dis 2011;69:320-325 
46 Devriese LA, Homes J. Epidemiology of methicillin-resistant Staphylococcus aureus (MRSA) 

in dairy herds. Res Vet Sci 1975;  
47 uhász-Kaszanyitzky, Éva et al. “MRSA Transmission between Cows and Humans.” Emerging 

Infectious Diseases 13.4 (2007): 630–632. PMC. Web. 12 Oct. 2016. 
48 Voss, Andreas et al. “Methicillin-Resistant Staphylococcus Aureus in Pig Farming.” Emerging 

Infectious Diseases 11.12 (2005): 1965–1966. PMC. Web. 13 Oct. 2016 
49 Van Loo, Inge et al. “Emergence of Methicillin-Resistant Staphylococcus Aureus of Animal 

Origin in Humans.” Emerging Infectious Diseases 13.12 (2007): 1834–1839. PMC. Web. 17 Oct. 

2016. 
50 Vanderhaeghen et al.,2010a: Methicillin-resistant Staphylococcus aureus (MRSA) ST398 

associated with clinical and subclinical mastitis in Belgian cows. Vet. Microb. 144, 166– 171. 
51 Smith, T.C., Pearson, N., 2010. The emergence of Staphylococcus aureus ST398. Vector Borne 

Zoonotic Dis 
52 Armand-Lefevre, L., Ruimy, R., Andremont, A., 2005. Clonal comparison of Staphylococcus 

aureus isolates from healthy pig farmers, human controls, and pigs. Emerg. Infect. Dis. 11, 711–

714 
53 Smith, T.C., Pearson, N., 2011. The emergence of Staphylococcus aureus ST398. Vector Borne 

Zoonotic Dis. 11, 327–339 
54 Price, Lance B. et al. “ Staphylococcus Aureus CC398: Host Adaptation and Emergence of 

Methicillin Resistance in Livestock.” mBio 3.1 (2012): e00305–11. PMC. Web. 17 Oct. 2016. 
55 Pantosti, Annalisa. “Methicillin-Resistant Staphylococcus Aureus Associated with Animals and 

Its Relevance to Human Health.” Frontiers in Microbiology 3 (2012): 127. PMC. Web. 29 Oct. 

2016. 
56 Leonard, F. ‘Methicillin-resistant Staphylococcus Aureus in Pigs: Investigation of an Emerging 

Pathogen of Public Health Significance. Rep. Dublin: Department of Agriculture Food and the 

Marine, 2013 
57 Morgan, M., 2008. Methicillin-resistant Staphylococcus aureus and animals: Zoonosis or 

humanosis? J. Antimicrob. Chemother. 62, 1181–1187 



 

39 
 

                                                                                                                                                                                           
58 Vanderhaeghen, W., Hermans, K., Haesebrouck, F., Butaye, P., 2010b. Methicillinresistant 

Staphylococcus aureus (MRSA) in food production animals. Epidemiol. Infect. 138, 606–625 
59 Mulders, M.N., Haenen, A.P., Geenen, P.L., Vesseur, P.C., Poldervaart, E.S., Bosch, T., 

Huijsdens, X.W., Hengeveld, P.D., Dam-Deisz, W.D., Graat, E.A., Mevius, D., Voss, A., Van De 

Giessen, A.W., 2010. Prevalence of livestock-associated MRSA in broilerflocks and risk factors 

for slaughterhouse personnel inthe Netherlands. Epidemiol. Infect. 138, 743–755 
60 van Duijkeren, E., Ikawaty, R., Broekhuizen-Stins, M.J., Jansen, M.D., Spalburg, E.C., de 

Neeling, A.J., Allaart, J.G., van Nes, A., Wagenaar, J.A., Fluit, A.C., 2008. Transmission of 

methicillin-resistant Staphylococcus aureus strains between different kinds of pig farms. Vet. 

Microbiol. 126, 383–389 
61 Lowder BV, et al. Recent human-to-poultry host jump, adaptation, and pandemic spread of 

Staphylococcus aureus. Available at:http//www.pnas.org/cgi/doi/10.1073/pnas.0909285106. 
62 Leonard FC, Markey BK. Methicillin Resistant Staphylococcus aureus in animals: A review. 

Veterinar J 2008; 
63 Verkade, Erwin, and Jan Kluytmans. "Livestock-associated Staphylococcus Aureus CC398: 

Animal Reservoirs and Human Infections." Infection, Genetics and Evolution 21 (2014): 523-30. 

Web. 17 Oct. 2016 
64Moodley,A.,Nielsen,S.S.,andGuard-abassi,L.(2011).Effectsoftetra-cyclineandzinconselection 

of methicillin-resistant Staphylococcus aureus (MRSA) sequencetype398 in pigs. Vet.Microbiol. 

152, 420–423 
65 MOODLEY, A., F. LATRONICO, and L. GUARDABASSI. “Experimental Colonization of 

Pigs with Methicillin-Resistant Staphylococcus Aureus (MRSA): Insights into the Colonization 

and Transmission of Livestock-Associated MRSA.” Epidemiology and Infection 139.10 (2011): 

1594–1600. Web. 24Oct. 2016 
66 van Duijkeren E, et al. Methicillin-resistant Staphylococcus aureus in pigs with exudative 

epidermitis. Emerging Infectious Diseases 2007; 13: 1408–1410 
67 Witte W, et al. Methicillin-resistant Staphylococcus aureus ST398 in humans and animals, 

Central Europe. Emerging Infectious Diseases 2007; 13: 255–258. 
68 Guardabassi L, Stegger M, Skov R. Retrospective detection of methicillin resistant and 

susceptible Staphylococcus aureus ST398 in Danish slaughter pigs. Veterinary Microbiology 

2007; 122: 384–386. 
69 Horgan et al. "A Study of the Prevalence of Methicillin-resistant Staphylococcus Aureus in Pigs 

and in Personnel Involved in the Pig Industry in Ireland." The Veterinary Journal 190.2 (2011): 

255-59. Web. 13 Oct. 2016 
70 European Food Safety Authority (EFSA). Analysis of the baseline survey on the prevalence of 

methicillin-resistant Staphylococcus aureus (MRSA) in holdings with breeding pigs, in the EU, 

2008 - Part A: MRSA prevalence estimates. EFSA Journal 2009;7(11):1376 
71 Pletinckx, L.J. et al;. Evidence of possible methicillin-resistant Staphylococcus aureus ST398 

spread between pigs and other animals and people residing on the same farm. Prev. Vet Med. 2013, 

109, 293–303. 
72 Devriese LA, Homes J. Epidemiology of methicillin-resistant Staphylococcus aureus (MRSA) 

in dairy herds. Res Vet Sci 1975;  
73 Juhasz-Kaszanyitzky E, Janosi S, Somogyi P et al. MRSA transmission between cows and 

humans. Emerg Infect Dis 2007;  
74 Weese JS (2010) Methicillin-resistant Staphylococcus aureus in animals. ILAR J  



 

40 
 

                                                                                                                                                                                           
75 Smith TC, Male MJ, Harper AL, Kroeger JS, Tinkler GP, et al. (2009) Methicillin-resistant 

Staphylococcus aureus (MRSA) strain ST398 is present in midwestern U.S. swine and swine 

workers. PLoS ONE 4: e4258. 
76 Wulf MW, Sorum M, van Nes A, Skov R, Melchers WJ, et al. (2008) Prevalence of methicillin-

resistant Staphylococcus aureus among veterinarians: an international study. Clin Microbiol Infect  
77 Van Cleef BA, Broens EM, Voss A, Huijsdens XW, Zuchner L, et al. (2010) High prevalence 

of nasal MRSA carriage in slaughterhouse workers in contact with live pigs in The Netherlands. 

Epidemiol Infect 
78 Van Cleef, B.A.; Broens, E.M.; Voss, A. High prevalence of nasal MRSA carriage in 

slaughterhouse workers in contact with live pigs in The Netherlands. Epidemiol. Infect. 2010, 138, 

756–763. 
79 Van Loo, Inge et al. “Emergence of Methicillin-Resistant Staphylococcus Aureus of Animal 

Origin in Humans.” Emerging Infectious Diseases 13.12 (2007): 1834–1839. PMC. Web. 13 Oct. 

2016 
80 Lekkerkerk et al. What Is the Origin of Livestock-Associated Methicillin-Resistant 

Staphylococcus aureus Clonal Complex 398 Isolates from Humans without Livestock Contact? 

An Epidemiological and Genetic Analysis. J. Clin. Microbiol. 2015, 53, 1836–1841 
81 Van Loo, Inge et al. “Emergence of Methicillin-Resistant Staphylococcus Aureus of Animal 

Origin in Humans.” Emerging Infectious Diseases 13.12 (2007): 1834–1839. PMC. Web. 17 Oct. 

2016. 
82 van Rijen, M.M., Bosch, T., Verkade, E.J., Schouls, L., Kluytmans, J.A., Group, C.A.M.S.,2014. 

Livestock-associated MRSA carriage in patients without direct contact with livestock. PLOS ONE 

9, e100294 
83 van Rijen MM, Van Keulen PH, Kluytmans JA. Increase in a Dutch hospital of methicillin-

resistant Staphylococcus aureus related to animal farming. Clin Infect Dis. 2008;46(2):261-3. 
84 Köck R, Harlizius J, Bressan N, Laerberg R, Wieler LH, Witte W, et al. Prevalence and 

molecular characteristics of methicillinresistant Staphylococcus aureus (MRSA) among pigs on 

German farms and import of livestock-related MRSA into hospitals. Eur J Clin Microbiol Infect 

Dis. 2009;28(11):1375-82. 
85 Voss, Andreas et al. “Methicillin-Resistant Staphylococcus Aureus in Pig Farming.” Emerging 

Infectious Diseases 11.12 (2005): 1965–1966. PMC. Web. 13 Oct. 2016 
86 Aubrey-Damon H et al. (2004) Antimicrobial resistance in commensal flora of pig farmers. 

Emerg Infect Dis  
87 Van Loo, Inge et al. “Emergence of Methicillin-Resistant Staphylococcus Aureus of Animal 

Origin in Humans.” Emerging Infectious Diseases 13.12 (2007): 1834–1839. PMC. Web. 17 Oct. 

2016. 
88 Khanna T, Friendship R, Dewey C, Weese JS. Methicillin-resistant Staphylococcus aureus 

colonization in pigs and pig farmers. Vet Microbiol 2008 
89 Cuny, C et al. Nasal colonization of humans with methicillin-resistant Staphylococcus aureus 

(MRSA) CC398 with and without exposure to pigs. PLoS ONE 2009, 4, e6800 
90 Graveland, H.; Wagenaar, J.A.; Bergs, K.; Heesterbeek, H.; Heederik, D. Persistence of 

livestock associated MRSA CC398 in humans is dependent on intensity of animal contact. PLoS 

ONE 2011, 6, e16830. 
91 Oppligera, Anne. "Antimicrobial Resistance of Staphylococcus Aureus Strains Acquired by Pig 

Farmers from Pigs." Applied and Environmental Microbiology. American Society for 

Microbiology, 7 Sept. 2012. Web. 19 Oct. 2016 



 

41 
 

                                                                                                                                                                                           
92 Dorado-García, A et al. Dose-response relationship between antimicrobial drugs and livestock-

associated MRSA in pig farming. Emerg. Infect. Dis. 2015, 21, 950–959 
93 Mevius DJ, Wit B, van Pelt W, Bondt N. (ed). 2009. MARAN-2009: monitoring of antimicrobial 

resistance and antibiotic usage in animals in the Netherlands in 2009. Central Veterinary Institute 

of Wageningen UR, Lelystad, Netherlands. 
94 Pantosti, Annalisa. “Methicillin-Resistant Staphylococcus Aureus Associated with Animals and 

Its Relevance to Human Health.” Frontiers in Microbiology 3 (2012): 127. PMC. Web. 29 Oct. 

2016. 
95 Voss, Andreas et al. “Methicillin-Resistant Staphylococcus Aureus in Pig Farming.” Emerging 

Infectious Diseases 11.12 (2005): 1965–1966. PMC. Web. 13 Oct. 2016 
96 Hanselman,B.A.,Kruth,S.A., Rousseau,J.,Low,D.E.,Willey,B. M., McGeer,A.,andWeese,J.S. 

(2006).Methicillin-resistant Staphy- lococcus aureus colonizationinvet- erinarypersonnel. 

EmergingInfect. Dis. 12, 1933–1938. 
97 Wulf MW, Sorum M, van Nes A, Skov R, Melchers WJ, et al. (2008) Prevalence of methicillin-

resistant Staphylococcus aureus among veterinarians: an international study. Clin Microbiol Infect 
98Zemlickova,H.,Fridrichova,M.,Tyllova,K.,Jakubu,V.,and Machova,I.(2009).Carriageof 

methicillin-resistant Staphylococcus aureus in veterinarypersonnel. Epidemiol.Infect. 137, 1233–

1236 
99GarciaGraells,C.,Antoine,J.,Larsen,J.,Catry,B.,Skov,R.,andDenis,O.(2012).Livestockveterinari-

ans athighriskofacquiring methicillin-resistant Staphylococcus aureus ST398. Epidemiol.Infect. 

140, 383–389. 
100 Denis, O.,Suetens,C.,Hallin,M., Catry,B.,Ramboer,I.,Dispas,M., 

Willems,G.,Gordts,B.,Butaye, P.,andStruelens,M.J.(2009). Methicillin-resistant Staphylococcus 

aureus ST398 inswinefarmperson- nel, Belgium. EmergingInfect.Dis. 15, 1098–1101. 
101 Cuny, C et al. Nasal colonization of humans with methicillin-resistant Staphylococcus aureus 

(MRSA) CC398 with and without exposure to pigs. PLoS ONE 2009, 4, e6800 
102 Smith TC, Male MJ, Harper AL, Kroeger JS, Tinkler GP, et al. (2009) Methicillin-resistant 

Staphylococcus aureus (MRSA) strain ST398 is present in midwestern U.S. swine and swine 

workers. PLoS ONE 4: e4258 
103 Horgan et al. "A Study of the Prevalence of Methicillin-resistant Staphylococcus Aureus in Pigs 

and in Personnel Involved in the Pig Industry in Ireland." The Veterinary Journal 190.2 (2011): 

255-59. Web. 13 Oct. 2016 
104 E. M. BROENS et al. "High Prevalence of Nasal MRSA Carriage in Slaughterhouse Workers 

in Contact with Live Pigs in The Netherlands."National Center for Biotechnology Information. 

U.S. National Library of Medicine, 9 Feb. 2010. Web. 29 Oct. 2016 
105 E. M. BROENS et al. "High Prevalence of Nasal MRSA Carriage in Slaughterhouse Workers 

in Contact with Live Pigs in The Netherlands."National Center for Biotechnology Information. 

U.S. National Library of Medicine, 9 Feb. 2010. Web. 29 Oct. 2016 
106 Prendergast, D. M. "Prevalence and Numbers of Salmonella Spp. and Enterobacteriaceae on 

Pork Cuts in Abattoirs in the Republic of Ireland."National Center for Biotechnology Information. 

U.S. National Library of Medicine, 8 July 2008. Web. 29 Oct. 2016 
107 Le Loir Y, Baron F, Gautier M. Staphylococcus aureus and food poisoning. Genetics and 

Molecular Research 2003; 2: 63–76 
108 Agersø, Yvonne. "Study of Methicillin Resistant Staphylococcus Aureus (MRSA) in Danish 

Pigs at Slaughter and in Imported Retail Meat Reveals a Novel MRSA Type in Slaughter Pigs." 

Veterinary Microbiology 157.1-2 (2012): 246-50. Web. 24 Oct. 2016. 



 

42 
 

                                                                                                                                                                                           
109 Atanassova, Viktoria, Alexandra Meindl, and Christian Ring. "Prevalence of Staphylococcus 

Aureus and Staphylococcal Enterotoxins in Raw Pork and Uncooked Smoked Ham—a 

Comparison of Classical Culturing Detection and RFLP-PCR." International Journal of Food 

Microbiology 68.1-2 (2001): 105-13. Web. 24 Oct. 2016. 
110 Bundesinstitut fu¨ r Risikobewertung (2011) Erreger von Zoonosen in Deutschland im Jahr 

2009.Available:http://www.bfr.bund.de/cm/350/erreger_von_zoonosen_in_deutschland_im_jahr

_2009.pdf. Web. 17 Oct.2016 
111 De Boer, E.; Zwartkruis-Nahuis, J.T.; Wit, B.; Huijsdens, X.W.; de Neeling, A.J.; Bosch, T.; 

van Oosterom, R.A.; Vila, A.; Heuvelink, A.E. Prevalence of methicillin-resistant Staphylococcus 

aureus in meat. Int. J. Food Microbiol. 2009, 134, 52–56 
112 Argudín, M.A.; Tenhagen, B.A.; Fetsch, A.; Sachsenröder, J.; Käsbohrer, A.; Schroeter, A.; 

Hammerl, J.A.; Hertwig, S.; Helmuth, R.; Bräunig, J.; et al. Virulence and resistance determinants 

of German Staphylococcus aureus ST398 isolates from non human sources. Appl. Environ. 

Microbiol. 2011, 77, 3052–3060 
113 Van Loo, I.H.M., Diederen, B.M.W., Savelkoul, P.H.M.,Woudenberg, J.H.C., Roosendaal, R., 

van Belkum, A., Lemmens-den Toom, N., Verhulst, C., van Keulen, P.H.J., Kluytmans, J.A.J.W., 

2007a. Methicillin-resistant Staphylococcus aureus in meat products, the Netherlands. Emerging 

Infectious Diseases 13, 1753–1755 
114 Bhalla, A., Aron, D.C., Donskey, C.J., 2007. Staphylococcus aureus intestinal colonization is 

associated with increased frequency of S. aureus on skin of hospitalized patients. BMC Infectious 

Diseases 7, 105 
115 Van der Wolf, P. NT-MRSA in The Netherlands: Current Status and Research Plans.  
116 Blaha, T, Cuny C, Witte W, Meemken D. Occurrence of MRSA in Humans Occupationally 

Exposed to Pigs in the Northwest of Germany. Paper presented at International Pig Veterinary 

Society (2008). Proceedings P03.091 
117 Brennan, Grainne I. "First Irish Report of Livestock-associated MRSA Strain." Epi 

Insight 13.10 (2012): n. pag. Epi Insight. Epi Insight. Web. 31 Oct. 2016. 
118 European Centre for Disease Prevention and Control. Antimicrobial resistance surveillance in 

Europe 2014. Annual report of the European Antimicrobial Resistance Surveillance Network 

(EARS-Net). Stockholm, Sweden 2015. 
119 European Centre for Disease Prevention and Control. Antimicrobial resistance surveillance in 

Europe 2014. Annual report of the European Antimicrobial Resistance Surveillance Network 

(EARS-Net). Stockholm, Sweden 2015. 
120 EFSA, 2009. Analysis of the baseline survey on the prevalence of meticillinresistant 

Staphylococcus aureus (MRSA) in holdings with breeding pigs, in the EU 2008 [1] – part A: 

MRSA prevalence estimates. EFSA J. 17, 1376–1458. 
121National Pig Census 2015. Rep. no. 270416. Kildare: Department of Agriculture Food and the 

Marine, 2015.  
122 van Cleef, et al 2009. Spread of methicillin-resistant Staphylococcus aureus sequence type 398 

in Europe. In: 19th European Congress of Clinical Microbiology and Infectious Diseases, Helsinki, 

Finland. 
123 Brennan, Gráinne I. et al. “The Emergence and Spread of Multiple Livestock-Associated Clonal 

Complex 398 Methicillin-Resistant and Methicillin-Susceptible Staphylococcus Aureus Strains 

among Animals and Humans in the Republic of Ireland, 2010–2014.” Ed. Jan Kluytmans. PLoS 

ONE 11.2 (2016): e0149396. PMC. Web. 31 Oct. 2016. 

http://www.bfr.bund.de/cm/350/erreger_von_


 

43 
 

                                                                                                                                                                                           
124 Brennan, Gráinne I. et al. “The Emergence and Spread of Multiple Livestock-Associated Clonal 

Complex 398 Methicillin-Resistant and Methicillin-Susceptible Staphylococcus Aureus Strains 

among Animals and Humans in the Republic of Ireland, 2010–2014.” Ed. Jan Kluytmans. PLoS 

ONE 11.2 (2016): e0149396. PMC. Web. 31 Oct. 2016. 
125 Cridge, H. “Introduction of livestock-associated methicillin-resistant Staphylococcus aureus 

(LA-MRSA) into and Irish Pig Unit”. School of Veterinary Medicine UCD. 11 Sep. 2013. Poster 

presentation 
126 Cridge, H. “Introduction of livestock-associated methicillin-resistant Staphylococcus aureus 

(LA-MRSA) into and Irish Pig Unit”. School of Veterinary Medicine UCD. 11 Sep. 2013. Poster 

presentation 
127 Cridge, H. “Introduction of livestock-associated methicillin-resistant Staphylococcus aureus 

(LA-MRSA) into and Irish Pig Unit”. School of Veterinary Medicine UCD. 11 Sep. 2013. Poster 

presentation. 
128 Leonard, F. ‘Methicillin-resistant Staphylococcus Aureus in Pigs: Investigation of an Emerging 

Pathogen of Public Health Significance. Rep. Dublin: Department of Agriculture Food and the 

Marine, 2013 
129 Leonard, F. ‘Methicillin-resistant Staphylococcus Aureus in Pigs: Investigation of an Emerging 

Pathogen of Public Health Significance. Rep. Dublin: Department of Agriculture Food and the 

Marine, 2013 
130 Irish Medicines Agency, 2013. Report on Consumption of Veterinary Antibiotics in Ireland 

During 2011 
131 Food Safety Authority of Ireland. Report of the Scientific Committee of the Food Safety 

Authority of Ireland 2015. Potential for Transmission of Antimicrobial Resistance in the Food 

Chain. Web. 02 Nov.2016 
132 Food Safety Authority of Ireland. Report of the Scientific Committee of the Food Safety 

Authority of Ireland 2015. Potential for Transmission of Antimicrobial Resistance in the Food 

Chain. Web. 02 Nov.2016 
133 Central Statistics Office, 2012. Meat Supply Balance Sheet 2011 
134 Schmithausen, Ricarda Maria et al. “Eradication of Methicillin-Resistant Staphylococcus 

Aureus and of Enterobacteriaceae Expressing Extended-Spectrum Beta-Lactamases on a Model 

Pig Farm.” Ed. H. L. Drake. Applied and Environmental Microbiology 81.21 (2015): 7633–

7643. PMC. Web. 2 Nov. 2016 
135 Friese, A. "Occurrence of MRSA in Air and Housing Environment of Pig Barns." National 

Center for Biotechnology Information. U.S. National Library of Medicine, 6 July 2012. Web. 02 

Nov. 2016 
136 Hansen, T.B., Christensen, B.B. & Aabo, S., 2010. Salmonella in pork cuttings in 

supermarkets and butchers’ shops in Denmark in 2002 and 2006. Zoonoses and Public Health, 

57(Suppl 1), pp.23–9 
137 Meldrum, R.J. et al., 2005. Microbiological quality of ready-to-eat foods: results from a long-

term surveillance 

program (1995 through 2003). Journal of Food Protection, 68(8), pp.1654–8 
138 EFSA, 2008. Foodborne antimicrobial resistance as a biological hazard, Scientific Opinion of 

the Panel on Biological Hazards 
139 Sulakvelidze, Alexander. "Safety by Nature: Potential Bacteriophage Applications." Microbe 

Magazine 6.3 (2011): 122-26. Web. 3 Nov. 2016. 



 

44 
 

Copyright Declaration 

HuVetA 

ELECTRONIC LICENSE AGREEMENT AND COPYRIGHT DECLARATION* 

 

 

Name:………………………………………………….……………………………………. 

Contact information (e-mail):............................................................................................... 

Title of document (to be uploaded):…….…………………………………………………. 

…………………….…………………………………………………………………………. 

……………………………………………………………………………………………….. 

Publication data of document:….. ………………………………………………………... 

Number of files submitted: …………………………………………………………...….... 

 

By accepting the present agreement the author or copyright owner grants non-exclusive license to 

HuVetA over the above mentioned document (including its abstract) to be converted to copy 

protected PDF format without changing its content, in order to archive, reproduce, and make 

accessible under the conditions specified below. 

 

The author agrees that HuVetA may store more than one copy (accessible only to HuVetA 

administrators) of the licensed document exclusively for purposes of secure storage and backup, 

if necessary. 

 

You state that the submission is your original work, and that you have the right to grant the rights 

contained in this license. You also state that your submission does not, to the best of your 

knowledge, infringe upon anyone’s copyright. If the document has parts which you are not the 

copyright owner of, you have to indicate that you have obtained unrestricted permission from the 

copyright owner to grant the rights required by this Agreement, and that any such third-party 

owned material is clearly identified and acknowledged within the text of the licensed document. 

 

The copyright owner defines the scope of access to the document stored in HuVetA as follows 

(mark the appropriate box with an X): 

 

I grant unlimited online access, 

 

I grant access only through the intranet (IP range) of the University of Veterinary Medicine, 

 

I grant access only on one dedicated computer at the Ferenc Hutÿra Library, 

 

I grant unlimited online access only to the bibliographic data and abstract of the document. 

 

Please, define the in-house accessibility of the document by marking the below box with an X: 



 

45 
 

 

I grant in-house access (namely, reading the hard copy version of the document) at the 

Library. 

 

If the preparation of the document to be uploaded was supported or sponsored by a firm or an 

organization, you also declare that you are entitled to sign the present Agreement concerning the 

document. 

 

The operators of HuVetA do not assume any legal liability or responsibility towards the 

author/copyright holder/organizations in case somebody uses the material legally uploaded to 

HuVetA in a way that is unlawful. 

 

 

Date: Budapest, ..…….day ….……..month……..……..year 

 

 

        Author/copyright owner 

signature 

___________________________________________________________________________ 

HuVetA Magyar Állatorvos-tudományi Archívum – Hungarian Veterinary Archive is an online 

veterinary repository operated by the Ferenc Hutÿra Library, Archives and Museum. It is an 

electronic knowledge base which aims to collect, organize, store documents regarding Hungarian 

veterinary science and history, and make them searchable and accessible in line with current legal 

requirements and regulations. 

 

HuVetA relies on the latest technology in order to provide easy searchability (by search engines, 

as well) and access to the full text document, whenever possible.  

Based on the above, HuVetA aims to: 

- increase awareness of Hungarian veterinary science not only in Hungary, but also 

internationally; 

- increase citation numbers of publications authored by Hungarian veterinarians, thus 

improve the impact factor of Hungarian veterinary journals; 

- present the knowledge base of the University of Veterinary Medicine Budapest and its 

partners in a focussed way in order to improve the prestige of the Hungarian 

veterinary profession, and the competitiveness of the organizations in question; 

- facilitate professional relations and collaboration; 

- support open access. 

 


