
 

5065                                                                                                                           

   

Shakya et al  November 2024 Vol. 4(11), 5065--5072 

 

 

Published 13/11/2024 Official Website 

www.thescienceworld.net  

thescienceworldmagazine@gmail.com  

 

 

 

  

   

 Poonam Shakya, Akshay Garg, Shilpa Gajbhiye, R P Singh 

Nanaji Deshmukh Veterinary Science University, Jabalpur (Madhya Pradesh) India. 
https://doi.org/10.5281/zenodo.14140020  

 

Abstract 

Methicillin-resistant Staphylococcus aureus (MRSA) is not just a concern for human health; it 

can also affect animals, especially in veterinary and agricultural settings. Although MRSA is 

primarily known for causing infections in humans, there has been growing evidence that 

animals, including pets, livestock and even wildlife, can carry and transmit MRSA. This raises 

important questions about the role of animals in the spread of MRSA and its potential impact 

on both animal and human health. In this article, we explore how MRSA affects animals, the 

risks of cross-species transmission, and the steps that can be taken to protect both animals and 

humans from MRSA-related infections. 

 

What is MRSA? 

Staphylococcus aureus (often shortened as S. aureus) is a type of bacteria that normally 

lives on the skin or in the nasal cavity of healthy animals without causing harm. However, in 

certain circumstances, S. aureus  can cause infections, ranging from mild skin conditions like 

boils and abscesses to more severe infections such as pneumonia, blood infections and sepsis. 

Methicillin is a type of antibiotic that was commonly used to treat infections caused by 

S. aureus. However, over time, some strains of the bacteria have evolved the ability to resist 

the effects of methicillin and similar antibiotics. These resistant strains are collectively known 

as methicillin-resistant Staphylococcus aureus or MRSA. 

At the genetic level, Staphylococcus aureus (S. aureus) evolves and adapts to its 

environment through genetic mutations and horizontal gene transfer, which allow it to survive 

in the presence of antibiotics, including methicillin. Methicillin-resistant Staphylococcus 

aureus (MRSA) is characterized by the acquisition of specific genetic elements that enable the 

bacteria to evade the effects of β-lactam antibiotics, including methicillin. Understanding the 

genetic basis of MRSA helps to uncover how the bacterium develops resistance and how this 

knowledge can guide the development of new treatments and strategies to combat MRSA 

infections. 
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The Role of the mecA Gene 

The primary genetic determinant of methicillin resistance in S. aureus is the mecA 

gene, which encodes a protein called PBP2a (penicillin-binding protein 2a). This protein is a 

critical factor in MRSA's ability to resist methicillin and other β-lactam antibiotics, which 

normally inhibit cell wall synthesis in bacteria. 

Penicillin-binding proteins (PBPs) are enzymes that help form the bacterial cell wall 

by cross-linking peptidoglycan, a crucial component of the cell wall. PBP2a has a low affinity 

for β-lactam antibiotics like methicillin, which means that when MRSA expresses PBP2a, these 

antibiotics are unable to bind to the enzyme effectively. As a result, methicillin and other 

similar drugs lose their ability to inhibit cell wall synthesis in MRSA, allowing the bacteria to 

continue growing and dividing in the presence of the antibiotic. 

The mecA gene is located on a mobile genetic element known as the staphylococcal 

cassette chromosome mec (SCCmec). SCCmec is a large, flexible region of the bacterial 

genome that carries the mecA gene and other resistance determinants, and it is capable of 

transferring between bacterial strains through horizontal gene transfer. 

Horizontal Gene Transfer and the Spread of MRSA 

MRSA is capable of acquiring the mecA gene through horizontal gene transfer (HGT), 

a process by which bacteria exchange genetic material, including resistance genes, with other 

bacteria. This transfer can occur through various mechanisms: 

a) Conjugation: The transfer of genetic material from one bacterium to another via direct 

cell-to-cell contact. MRSA can transfer the SCCmec element, which contains the mecA 

gene, to other S. aureus strains or even to other bacterial species. 

b) Transduction: This is the process by which bacterial DNA is transferred by 

bacteriophages (viruses that infect bacteria). Bacteriophages can carry resistance genes, 

including mecA, from one bacterial strain to another. 

c) Transformation: Some bacteria can take up naked DNA from their environment and 

if that DNA includes resistance genes like mecA, the bacteria can acquire resistance. 

This ability to exchange resistance genes means that MRSA can rapidly spread in 

hospitals, communities and farms, leading to outbreaks of infections. The movement of S. 

aureus strains carrying SCCmec from healthcare settings to the community and vice versa, has 

made controlling MRSA infections more difficult. 

How MRSA Affects Animals? 

While MRSA is not as commonly studied in animals as it is in humans, it is known that 

animals—particularly those in close contact with humans or other animals—can become 

infected with S. aureus strains, including methicillin-resistant ones. 
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a) Pets and Companion Animals: Dogs and cats, particularly those with weakened 

immune systems, can develop MRSA infections, typically manifesting as skin 

infections, abscesses, or urinary tract infections. Animals can acquire MRSA from 

human owners, particularly those who have active MRSA infections or who work in 

healthcare settings. Pets can also act as carriers of MRSA without showing any 

symptoms, making it possible for them to transmit the bacteria to humans, particularly 

those with compromised immune systems. 

b) Livestock: Farm animals, such as pigs, cows and chickens, can carry MRSA strains, 

especially in factory farming environments where animals are housed in close quarters 

and may be exposed to antibiotics. MRSA infections in livestock can lead to skin, 

udder, or respiratory infections, although many cases may go undiagnosed. Studies 

have shown that workers on farms or in slaughterhouses, as well as individuals who 

handle meat, are at higher risk of contracting MRSA, particularly from livestock. 

c) Wildlife: Though less common, wild animals can also carry MRSA, particularly in 

areas where humans and wildlife come into close contact. There have been isolated 

reports of wildlife, such as seals and birds, testing positive for MRSA. In these cases, 

it is unclear whether the animals were infected directly from human activities or if 

MRSA was passed between animals. 

Transmission Between Animals and Humans 

One of the most concerning aspects of MRSA in animals is the potential for 

transmission between animals and humans. This is known as zoonotic transmission, where 

diseases are passed from animals to humans, or vice versa. 

a) Human-to-Animal Transmission: In many cases, humans are the source of MRSA 

infection in pets, especially in households where a person has an active MRSA 

infection. The bacteria can be transferred through direct contact (e.g., petting or caring 

for the pet) or through contaminated objects such as bedding, grooming tools, or food 

dishes. 

b) Animal-to-Human Transmission: There have been documented cases of MRSA 

transmission from pets to humans. In these cases, pet owners or veterinarians may 

contract MRSA through direct contact with an infected animal or by handling 

contaminated objects. 

c) Animal-to-Animal Transmission: In veterinary clinics or farms, MRSA can spread 

between animals, particularly when animals are housed together in crowded conditions, 

which increase the likelihood of cross-species transmission. 
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Risks of MRSA in Veterinary Settings 

The presence of MRSA in animals has particular implications for veterinary practices, 

agricultural workers, and those who work closely with animals. There are several key risks: 

a) Veterinary Staff Exposure: Veterinarians, technicians and other animal care workers 

are at higher risk for MRSA infections, particularly if they handle infected animals or 

contaminated medical equipment. This risk is especially high in hospitals and clinics 

where animals may have open wounds, surgical incisions, or other risk factors for 

infection. 

b) Antibiotic Resistance: Just as in humans, the overuse or misuse of antibiotics in 

animals—whether for infection treatment or for growth promotion—can contribute to 

the development of antibiotic-resistant bacteria like MRSA. This poses a significant 

challenge in controlling MRSA infections, both in animals and humans. 

c) Cross-Species Transmission: MRSA strains that are transmissible between humans 

and animals can make it difficult to control outbreaks. In particular, the possibility of 

livestock carrying MRSA and passing it to farm workers (or vice versa) highlights the 

complexity of controlling infections in agricultural settings. 

Antibiotic Stewardship in Veterinary Medicine 

Veterinarians play a critical role in controlling the spread of MRSA by implementing 

antibiotic stewardship programs in clinical settings. This involves: 

a) Using antibiotics judiciously: Prescribing antibiotics only when necessary and 

choosing the appropriate drug for the specific infection. 

b) Focusing on culture and sensitivity testing: In cases of suspected MRSA infections, 

veterinary professionals should conduct bacterial cultures and antibiotic susceptibility 

testing to identify the most effective treatments. 

c) Educating pet owners and farmers: Informing owners about proper antibiotic use, 

including not using leftover medications or administering antibiotics without veterinary 

guidance. 

Diagnosing and Treating MRSA in Animals 

The diagnosis of MRSA infections in animals can be challenging, as many of the 

symptoms of MRSA are similar to other common bacterial infections. Veterinarians typically 

rely on: 

a) Cultures and Sensitivity Tests: A culture of infected tissue or fluid, followed by 

antibiotic sensitivity testing, is essential to confirm the presence of MRSA. 

b) Identifying S. aureus and Testing for Methicillin Resistance 

Gram stain: A gram stain of the sample will reveal whether the bacteria are Gram-positive 
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cocci in clusters, a characteristic feature of Staphylococcus aureus. 

Coagulase test: S. aureus is coagulase-positive, which means it causes blood plasma to clot. 

This test helps differentiate S. aureus from other staphylococci. 

To confirm methicillin resistance 

a) Oxacillin or methicillin susceptibility testing: A commonly used method to determine 

antibiotic resistance. This involves growing the bacteria on a medium containing 

methicillin or oxacillin and observing if the bacteria are inhibited by the drug. If the 

bacteria grow despite the presence of methicillin, they are resistant and considered 

MRSA. 

b) Disk diffusion test (Kirby-Bauer method): This involves placing antibiotic-

impregnated discs (including methicillin) on a bacterial culture and measuring the zone 

of inhibition around the discs. A small or no zone of inhibition around the methicillin 

disc indicates resistance. 

c) E-test: A more precise method that involves a strip with a gradient of antibiotic 

concentration placed on a bacterial culture. The minimum concentration of antibiotic 

that prevents bacterial growth (Minimum Inhibitory Concentration, or MIC) is 

determined. MRSA will have a higher MIC for methicillin compared to non-resistant 

strains. 

d. Molecular Methods 

Polymerase chain reaction (PCR): PCR can directly detect the mecA gene, which confers 

resistance to methicillin. This method is faster than traditional culture and susceptibility testing, 

providing results in hours rather than days. 

Gene sequencing or hybridization: These methods can be used to detect the presence of the 

mecA gene or other genetic markers associated with MRSA. 

Clinical Signs 

In pets, skin infections (e.g., abscesses, hot spots, or rashes) are common symptoms of 

MRSA. In livestock, respiratory problems or skin lesions may indicate MRSA infections. 

Treatment options for MRSA in animals are similar to those for humans and often involve 

specific antibiotics that are effective against resistant strains, such as vancomycin or 

clindamycin. However, antibiotic treatment in animals should always be carefully managed 

by a veterinarian to avoid contributing to further antibiotic resistance. 

Preventing MRSA in Animals 

The risk of MRSA transmission between animals and humans can be minimized 

through several preventive measures: 

a) Good Hygiene Practices: Wash hands thoroughly after handling animals, particularly 
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those with infections or wounds. Disinfect pet bedding, grooming tools and other equipment 

regularly. Ensure that animals receive proper veterinary care, including vaccinations and 

appropriate use of antibiotics. 

b) Avoid Overuse of Antibiotics: Work with a veterinarian to ensure that antibiotics are 

used only when necessary and that the correct antibiotic is prescribed for each specific 

infection. Overuse or misuse of antibiotics in animals can contribute to the development of 

MRSA and other antibiotic-resistant bacteria. 

c) Protect Vulnerable Populations: Individuals with weakened immune systems (e.g., 

the elderly, young children, or those with chronic health conditions) should take extra 

precautions when handling animals that may be carriers of MRSA. In veterinary clinics, 

personal protective equipment (PPE) should be used to reduce the risk of cross-

contamination. 

d) Monitoring Animal Health: Regular veterinary check-ups are important for detecting 

and treating infections early before they spread or worsen. Isolate infected animals to 

prevent the spread of MRSA in veterinary clinics or farms. 

Challenges and Future Directions 

The role of MRSA in veterinary settings remains a complex issue, particularly in light 

of the growing concerns about antimicrobial resistance. Some of the ongoing challenges 

include: 

a) Lack of standardized testing: Routine screening for MRSA in veterinary medicine is 

not always standardized, and in many regions, testing for MRSA in animals is still not 

common practice. 

b) Environmental contamination: MRSA can persist in animal environments (e.g., 

farms, veterinary clinics), and controlling environmental reservoirs of the bacteria is 

essential for preventing its spread. 

c) Emergence of new strains: MRSA strains are continuously evolving, with new 

variants (e.g., mecC MRSA) emerging and potentially complicating diagnosis and 

treatment. 

Research into alternative treatments, vaccines, and better diagnostic tools for 

MRSA in animals is critical for addressing these challenges. Additionally, stronger 

collaboration between veterinary and human health sectors, known as One Health, is essential 

to ensure that both animal and human health are protected from the risks of antibiotic-resistant 

infections like MRSA. 
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Conclusion 

MRSA is a significant public health concern, and its implications extend beyond human 

health to include animal health as well. Understanding the potential for MRSA transmission 

between animals and humans, as well as the factors that contribute to the spread of this 

antibiotic-resistant pathogen, is critical for controlling its impact. By taking proactive steps to 

reduce the risk of infection, including proper hygiene, responsible antibiotic use, and early 

detection of MRSA infections, we can help protect both animals and humans from the 

consequences of MRSA. 

 At the genetic level, MRSA's ability to resist methicillin and other antibiotics is largely 

due to the acquisition of the mecA gene, which encodes the PBP2a protein. This protein enables 

MRSA to continue synthesizing its cell wall even in the presence of β-lactam antibiotics. The 

mecA gene is typically located on the staphylococcal cassette chromosome (SCCmec), a 

mobile genetic element that can be transferred between bacterial strains. The spread of MRSA 

is facilitated by horizontal gene transfer, and its evolution is influenced by a combination of 

genetic regulation and selective pressure from antibiotics. Understanding these genetic 

mechanisms is crucial for developing new strategies to combat MRSA and prevent its spread, 

as well as for informing the development of novel antibiotics and treatment approaches. 

References: 

Vandenesch, F., Naimi, T., Enright, M. C., et al. (2003). Community-acquired methicillin-resistant 

Staphylococcus aureus in children, United States. Emerging Infectious Diseases, 9(3), 320–

327. 

Lowy, F. D. (2003). Antimicrobial resistance: the example of Staphylococcus aureus. Journal of 

Clinical Investigation, 111(9), 1265–1273. 

Hartman, B. J., & Tomasz, A. (1984). Altered penicillin-binding proteins in methicillin-resistant 

strains of Staphylococcus aureus. Antimicrobial Agents and Chemotherapy, 25(1), 14–19. 

Peacock, S. J., & Paterson, G. K. (2015). Mechanisms of methicillin resistance in Staphylococcus 

aureus. Annual Review of Biochemistry, 84, 577–601. 

Miller, L. G., & Perdreau-Remington, F. (2000). Community-acquired methicillin-resistant 

Staphylococcus aureus in Los Angeles. New England Journal of Medicine, 342(25), 1838–

1849. 

Liu, C., Chambers, H. F., & Daum, R. S. (2020). Clinical practice guideline for the management of 

methicillin-resistant Staphylococcus aureus infections in adults and children. Clinical 

Infectious Diseases, 70(3), 545-556. 

Garrett, D. O., & Conly, J. M. (2009). Prevention and control of methicillin-resistant Staphylococcus 

aureus (MRSA) infections in the healthcare setting. Canadian Medical Association Journal, 

181(9), 581-589. 

http://www.thescienceworld.net/
mailto:thescienceworldmagazine@gmail.com


 

5072                                                                                                                           

   

Shakya et al  November 2024 Vol. 4(11), 5065--5072 

 

 

Published 13/11/2024 Official Website 

www.thescienceworld.net  

thescienceworldmagazine@gmail.com  

Centers for Disease Control and Prevention (CDC). (2020). Methicillin-resistant Staphylococcus 

aureus (MRSA) infections. 

Moore, L. S., & Jenkins, S. G. (2020). Emergence of methicillin-resistant Staphylococcus aureus 

(MRSA) in livestock and humans: The role of zoonotic transmission. Journal of Global Health, 

10(2), 020309. 

http://www.thescienceworld.net/
mailto:thescienceworldmagazine@gmail.com

