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The genus Staphylococcus consists of a group of approximately 50 different species and subspecies 

of gram-positive cocci, many of which are opportunistic pathogens in horses. The emergence and 

dissemination of antimicrobial resistance in pathogenic staphylococci are of tremendous concern in 

human medicine and an increasing problem in equine medicine. Methicillin resistant strains of 

Staphylococcus aureus (MRSA) and also coagulase negative staphylococci (CNS) pose a great threat 

to hospitalized horses, veterinarians and also to the owners of the animals, due to the zoonotic threat 

posed by the bacteria. 

The main objective of the study was to describe the most abundant species of Staphylococcus spp. 

found in the Estonian horse population and one of the specific aim was to find out the prevalence of 

MRSA in the population. Nasal swabs from a total of 141 Estonian horses were obtained and 

questionnaires were collected to gain background history from the horses. In total, 20 isolates (16 

CNS, four S. aureus) of different species of staphylococci were found, of which S. delphini was the 

most abundant CNS isolate (9/16, 45.0%). Testing for antimicrobial resistance was performed for 

each isolate.  

Two isolates of MRSA with a sequence type ST398 were found with an occurrence of 1.4%, (CI 95% 

0.17-5.03).. It was noted from the background information that both horses had visited an equine 

clinic abroad. Most commonly, resistance to fucidic acid and trimethoprim was encountered amongst 

the isolates. In conclusion we can say that the spread of MRSA in the studied Estonian horse 

population is still low, nonetheless screening should still be continued and strict and effective 

biosecurity measures should be followed in order to avoid bringing more isolates of MRSA into 

Estonia.  
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Stafülokokid on grampositiivsed mikroobid, mille hulka kuulub enam kui 50 liiki. Osad neist 

kuuluvad ka hobuste mikrofloora hulka. Mikroobide antibiootikumiresistentus kujutab  suurt ohtu 

inimtervisele ning on muutumas üha suurenevaks probleemiks  ka hobuste meditsiinis.  Üks 

ohtlikumaid resistentsuse vorme on mikroobi metitsilliiniresistentsus, mis võib esineda nii 

Staphylococcus aureusel (S.aureus) kui koagulaasnegatiivsetel stafülokokkidel (KNS).  

Metitsilliinresistentsed stafülokokid on võivad levida nii hobuste, nende omanike kui loomaarstide 

vahel.   

Käesoleva uurimistöö peamiseks eesmärgiks oli kirjeldada peamisi hobustelt isoleeritud 

stafülokokke. Teine eesmärk oli välja selgitada, kas Eesti hobused on MRSA-ga nakatunud.. Uuringu 

jooksul koguti Eestis elavatelt hobustelt kokku 141 ninakaapeproovi. Kõikide hobuste kohta koguti 

taustainformatsioon omanike poolt täidetud küsitlusega. Isoleeritud stafülokokkidel (n= 20) määrati 

antibiootikumitundlikkus.  

Enim stafülokokiliike kuulus KNS hulka, kus peamiseks liigiks oli S. delphini (9/16, 45%). S.aureus 

isolaate oli kokku neli, milles kaks osutusid metitsilliiniresistentseteks. Seega oli MRSA levimus 

uuritud populatsioonis 1,4% (CI 95% 0.17-5.03). Mõlemad isolaadid kuulusid genotüübiliselt ST398 

gruppi. Taustainformatsioonist selgus, et mõlemad hobused on käinud väljaspool Eestit asuvas 

hobusekliinikus. Kõige enam leiti resistentsust fusidiinhappe ja trimetoprim/ sulfoonamiidide suhtes. 

Kokkuvõttes võib öelda, et MRSA levimus uuritud Eesti hobusepopulatsioonis on madal, kuid siiski 

on oluline jätkata MRSA leviku seiret Eestis ja võtta kasutusele tõhusad bioturvalisuse meetmed 

leviku takistamiseks.  

 

Märksõnad: Staphylococcus spp, MRSA, antibiootikumiresistentsus, hobune 
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INTRODUCTION 

Staphylococcus spp. are opportunistic bacteria responsible for causing pyogenic infections in 

both humans and animals.  Staphylococcus aureus is one of the most clinically significant 

species of the genus (Habib et al., 2015). Staphylococci are found in the normal microflora of 

the skin and mucous membranes, and are present in large numbers in the nasal passages in the 

horse. They are opportunistic bacteria, meaning the carriers of the bacteria may be 

asymptomatic, but when given the opportunity and right circumstances - for example a wound 

due to a trauma or surgery - the bacteria can cause a life-threatening infection (Stapleton et al., 

2007). In horses, a variety of infections are caused by staphylococci, with surgical site and skin 

infections being among the most commonly diagnosed staphylococcal infections in horses.  

Antimicrobial resistance (AMR) is a worldwide problem causing health threats in both human 

and veterinary medicine (Palma et al., 2020). Overuse and overprescribing of antibiotics have 

contributed to AMR becoming a more prominent problem. The zoonotic qualities of the bacteria 

raise concern for human to animal transmission and vice versa. Personal hygiene and following 

biosecurity measures are paramount when controlling the spread of the resistant bacteria to 

humans from infected animals. Since these infections are not necessarily caused by the endemic 

bacteria of the animal itself, prevention of biofilm formation on surgical instruments is 

important (Van Duijkeren et al., 2010).  

In Estonia, limited if non-existent information exists about the usage of antimicrobials in equine 

medicine. Furthermore, there is no information about the resistance of endemic Staphylococcus 

spp. in horses. With AMR becoming a worldwide problem and the danger of animals 

transmitting diseases to humans, more information about carriers of methicillin-resistant 

staphylococci and the prevalence of these carries is needed in order for effective preventative 

measures to be applied early on. This is paramount to ensure the safety of both veterinarians 

and horse owners.   
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1. LITERATURE REVIEW 

 Characteristics of Staphylococcus spp. 

Staphylococci belong to the family Micrococcacae. The genus includes more than 50 species 

of bacteria, with Staphylococcus (S.) aureus being one of the most prevalent and clinically 

significant pathogens, causing pyogenic infections (Habib et al., 2015). S. aureus is a member 

of commensal microflora, colonizing the skin and nasopharynx in both humans and domestic 

animals. While being a common opportunistic pathogen found in mammalian body surfaces, it 

causes a wide spectrum of diseases ranging from minor skin infections to life threatening 

conditions, such as toxic shock syndrome in humans (Stapleton et al., 2007; Li et al., 2019). In 

addition, S. aureus is a major pathogen both within hospitals and in the human and animal 

communities. 

The genus Staphylococcus is an important microorganism due to the direct and dangerous 

impact it has on the lives of other organisms, as stated by Al-Tabil et al. (2020). The species is 

characterized by its virulence factors that affect the efficacy and pathogenicity of the bacterium 

due to the possession different enzymes like staphylokinase and hyaluronidase that ease the 

invasion of the bacteria to host cell, which leads toinfection (Al-Tabil et al., 2020; Burton et 

al., 2008; Stapleton et al., 2007).  

 

1.1.1. Morphology 

Staphylococci are spherical shaped gram-positive coccal bacteria with a diameter of 0.5-1.5 

m, appearing spherical in shape. They appear singly, in pairs, in tetrads or in clusters of cells 

(3-4 cells) in more than one plane, forming irregular clusters that are described to be “grape-

like”. The majority of staphylococci are coagulase negative, with the exception of S. aureus 

and S. intermedius (Foster, 1996; Schleifer et al., 2009; Taylor et al., 2020).  

Staphylococci are usually unencapsulated or have a limited capsule formation. The structure of 

the cell wall is similar to other gram-positive bacteria. The cell wall contains a homogenous 

layer made up of peptidoglycan, teichoic acid and protein (Schleifer et al., 2009). 

 

1.1.2.  Physiology  

Staphylococci are facultative anaerobes, nonmotile, catalase-positive, and oxidase-negative. 

They are chemo-organotrophs, meaning that they obtain energy from the oxidation of reduced 

compounds. Their metabolism can be either respiratory or fermentative. The electron transport 
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system produces unsaturated menaquinones and cytochromes a and b. The bacteria utilises 

carbohydrates and also amino acids as sources of carbon and energy either by fermentation or 

aerobically. The main product of glucose fermentation is lactic acid and in the presence of air, 

acetic acid and carbon monoxide are formed (Schleifer et al., 2009; Quinn et al., 2011).  

 

1.1.3. Pathogenicity 

Multiple different virulence factors affect the spread of the bacteria in the tissue and induce the 

pathological changes in the host, the most critical  being colonization (Morell et al., 2010). The 

cell wall contains proteins that bind to fibrinectin and fibrinogen, which facilitate the attachment 

of the bacteria to the host cell creating a fibrinectin bridge between the bacterium and host cells 

allowing for the bacteria to be protected from extracellular immune cells. The teichoic acids 

and protein A interfere with opsonization and phagocytosis, whereas the exoenzymes such as 

staphylokinase and hyaluronidase, promote tissue damage in the host cell and contribute to the 

virulence of the bacterium (Morell et al., 2010; Quinn et al., 2011).  

 

Staphylococci are divided into coagulase-negative and coagulase-positive bacteria, the latter 

being regarded as potentially serious pathogens. These pathogens are S. aureus, S. intermedius, 

S. delphini and S. schleiferi subsp. coagulans. The coagulase protects the organism from 

phagocytic cells, making it harder for the macrophages to neutralize the bacteria by 

encapsulating the cells of staphylococcus with fibrin.  Some of the diseases met in different 

animal species caused by these bacteria are pictured in Table 1 (Schleifer et al., 2009; Al-Tabil 

et al., 2020).  

The coagulase negative staphylococci (CNS) have previously been considered to be 

apathogenic organisms that form a part of the normal microflora due to the lack of virulence 

factors present in S. aureus. However, during the past years, CNS have emerged as common 

causes of nosocomial infection and many different virulence factors have been found from the 

coagulase-negative staphylococci. According to Argemi et al. (2019), there is evidence that, for 

example, Staphylococcus epidermidis possesses factors that might be considered as pathogenic. 

One of these is biofilm formation. By forming the biofilm, it forms a protective environment 

for the bacteria to colonize and infect hospital equipment, making patients susceptible to 

infection. CNS have emerged to be one of the most common mastitis-causing pathogens in 

many countries in recent years. CNS mastitis is usually only subclinical or presents with very 

mild clinical signs, and the staphylococci are usually not isolated as different bacteria, but as a 
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cluster CNS (Argemi et al., 2019). Some of the CNS and different clinical conditions caused 

by these bacteria are listed in Table 1. 

 

Table 1. Most common infections caused by Staphylococcus spp. (Pellerin, 2010; Quinn et 

al., 2011). 

Coagulase-positive 

Species Host Clinical condition 

S. aureus subsp. aureus Bovine 

Sheep 

Goat 

Pig 

 

Horse 

 

Cat, Dog 

Mastitis, impetigo 

Mastitis, dermatitis, mild folliculitis 

Mammary Botryomycosis 

Mastitis, infections of castration 

wounds 

Dermatitis, urinary tract infections, 

abscesses 

Dermatitis, abscesses (rare) 

S. pseudintermedius Cat, Dog 

Bovine 

Horse 

Pyoderma, metritis, cystitis, otitis 

externa 

Mastitis (rare) 

S. hyicus Pig 

Bovine 

Exudative dermatitis 

Mastitis (rare) 

S. aureus subsp. anaerobicus Sheep Lymphadenitis, abscess disease 

S. delphini 

 

S. schleiferi subsp. coagulans 

Dolphin 

Horse 

Dog 

Suppurative skin lesions 

Isolated from nares 

Otitis externa 

Coagulase-negative 

S. epidermidis 

S. equorum 

Dogs, horses Wound infections 

Horses Skin infections 

S. haemolyticus Cattle Mastitis 

S. sciuri Cats and other 

animals 

Skin infections 

S. vitulinus Cattle, sheep, 

pig 

Skin infections 
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S. warneri Cattle Mastitis 

S. xylosus Cats, poulty, 

pigs, horses 

Skin infections 

 

 Resistance mechanisms of Staphylococcus spp.  

In general, antimicrobial resistance (AMR) mechanisms fall into four categories (Figure 1): 

Limiting uptake of a drug, modifying a drug target, inactivation of the drug, and active drug 

efflux. Intrinsic resistance or natural resistance is always expressed in the species of bacteria, 

meaning that resistance is a trait shared universally within the species, is independent of 

previous antimicrobial drug (AM) exposure, and is not related to horizontal gene transfer. The 

mechanisms used in the intrinsic resistance are limiting of uptake, drug inactivation, and drug 

efflux. These mechanisms are either native to the organism, or they have been acquired from 

other microorganisms, as stated by Reygaert (2018). Depending on the AM involved in the 

treatment, bacteria may use one or more of these mechanisms. The localization of resistance 

genes on transferable genetic elements like plasmids and transposons facilitates the horizontal 

transfer of these genes (Reygaert, 2018). Even though resistance is a natural process in bacteria 

and a part of their evolutionary processes, it is facilitated by external factors such as overuse of 

antibiotics and careless prescribing of AM drugs (Alav et al., 2018).  

 

 

Figure 1. Diagram representing the resistance mechanisms used by bacteria (Alav et al., 

2018) 

A significant factor in antibiotic resistance and insufficient antimicrobial effectiveness is 

formation of bacterial biofilms. According to Lister et al. (2014), a biofilm is defined as a sessile 
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microbial community in which cells are attached to a surface or to other cells, and embedded 

in a protective extracellular polymeric substance (EPS) matrix. Forming these biofilms 

embedded in an EPS matrix is one of the mechanisms used by bacteria to survive in the presence 

of an AM. These EPS include lipids, nucleic acids, polysaccharides and proteins. They have a 

major role in structural integrity of the biofilm and the facilitation of the adhesion to surfaces 

(such as medical instruments) and forming a network that helps the biofilm to stick to the 

surface it has been attached to (Alav et al. 2018). It has been shown that bacteria can be up to 

1000-fold more resistant to antibiotics. Several studies (Lister et al., 2014; Cepas et al., 2019) 

have also indicated that using low doses of certain antimicrobial agents may in fact induce 

biofilm formation and this way possibly increasing resistance. Suggested mechanism for the 

phenomenon is that the EPS matrix that is formed blocks access to the cells that are growing 

actively within the biofilm, which is achieved by decreasing antibiotic diffusion. This is 

dependent on the type of antimicrobials used so is not applicable for all antimicrobial substances 

(Lister et al., 2014; Cepas et al., 2019).  

 

1.2.1. Phenotypic and genotypic resistance  

Resistance can be and usually is caused by genetic changes such as acquisition of resistance 

genes or mutations (point mutations, deletions and insertions) related to the activity of the 

antimicrobial. These genetic changes in the bacteria are associated with genotypic resistance. 

Methicillin resistant strains carry a mecA gene, which is a component of a larger Staphylococcal 

chromosomal cassette mec (SCCmec) region. This mecA gene encodes penicillin-binding 

protein 2a (PBP-2a), which is an essential bacterial cell wall enzyme that catalyzes the 

production of the peptidoglycan in bacterial cell wall. The origin of SCCmec is unknown, but 

evidence shows that it could originate from a different Staphylococcus sp., such as S. sciuri 

that, according to Deurenberg at al. (2006), showed 87.8 % resemblance in amino-acid 

sequence identity with PBP2a. PBP-2a has a lower affinity to bind to beta-lactams when 

compared to other PBPs. This means that PBP-2a continues to catalyze the synthesis of bacterial 

cell wall regardless of the presence of antibiotics. As a result, S. aureus strains that synthesize 

PBP-2a can still grow while antibiotics are present, which is seen as resistance to many 

antibiotics. These methicillin resistant Staphylococcus aureus (MRSA) strains tend to be 

resistant for example to methicillin and cephalosporins (Busscher et al., 2006; Corona et al., 

2013; Rasigade et al., 2014).  



 13 

There are, however, situations where bacteria become transiently resistant to antibiotics without 

requiring genetic alteration. This non-inherited resistance, also called phenotypic resistance, is 

related to processes such as growth in biofilms, stationary growth phase and the phenomenon 

of persistence. As mentioned before, the type of antimicrobial has an effect on biofilm’s effect 

on resistance. Another proposal mentioned by Lister et al. (2014) was the development of 

physiologically dormant persister cells that are formed during biofilm growth. These persister 

cells in the biofilm have reduced metabolic activity and this makes them inherently resistant to 

antibiotics. In addition, they develop at a greater rate within the biofilm, which is thought to 

play a great role in the unmanageableness of biofilm-associated infections (Corona et al., 2013; 

Lister et al., 2014). 

Penicillin and other -lactam antimicrobials act on bacteria by binding to a transpeptidase 

involved in the cell wall peptidoglycan synthesis, which disrupts the synthesis of bacterial cell 

wall. The main mechanism of action of -lactam antimicrobial drugs is targeting and inhibiting 

the cell wall synthesis of the organism. In clinical isolates of S. aureus, methicillin resistance 

arises from methicillin-hydrolyzing -lactamase and through an expression of penicillin- 

binding protein 2A (PBP-2a), which is encoded by the mecA gene, resulting in reduced 

penicillin-binding affinity, making them resistant to nearly all -lactam antibiotics, like 

penicillin and oxacillin (Hiramatsu et al., 2001). This gene is acquired by horizontal gene 

transfer. The -lactamase enzyme destroys the -lactam ring contained in the antimicrobial, 

causing it to open and making the antimicrobial unable to bind to their target PBP (Stapleton et 

al., 2002; Busscher et al., 2006; Cohn et al., 2010; Reygaert, 2018).  

Resistance is acquired mainly through horizontal gene transfer, which allows for a rapid spread 

within the susceptible bacterial population. Clonal spread is an important means of spread of 

resistance in both individual horse level or short-term population level, such as in the hospital 

population. The majority of multidrug-resistant (MDR) infections are SSIs, or post-procedural 

infections, as mentioned in a study conducted by van Spijk et al. (2017), where the authors 

found that 21% of these post-procedural infections were caused by S. aureus and showed 

resistance to multiple antimicrobial drugs such as ampicillin, trimethoprim-sulphonamides 

(TMPS), penicillin and gentamicin (van Spijk et al., 2017). 

 

1.2.2. Quinolone resistance 

Quinolones act by inhibiting either DNA gyrase or topoisomerase IV. The latter has been shown 

by several reports to be the primary target in S. aureus. The resistance mechanisms found in S. 
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aureus are divided into two different groups: 1) Mutation at the A subunit of the DNA gyrase, 

and 2) Fluoroquinolone efflux in the cytoplasmatic membrane. Both of these mechanisms are 

a result of genetic mutations and horizontal gene transfer affecting amino acid sequence codons 

(Sierra et al., 2002).  

 

1.2.3. Vancomycin resistance 

In human medicine, vancomycin is one of the first lines of drugs in treating MRSA infections. 

Vancomycin interrupts the proper cell wall synthesis, thus inhibiting the growth of susceptible 

bacteria (Cong et al., 2020).  

According to Reygaert (2018), studies show the emergence of vancomycin resistance in the 

Staphylococcus spp., particularly S. aureus. The exact nature of the resistance mechanisms is 

not known, but one of the two mechanisms allows for the bacteria to produce a thickened cell 

wall, which makes drug entry to the cell more difficult and therefore provides an intermediate 

resistance to vancomycin (Reygaert, 2018). Both of the mechanisms are genetically modified 

and regulated.  

 

 Staphylococcus spp. in the normal microbiota of the horse 

The microflora of the skin of the horse is varied and mostly consists of gram-positive bacteria 

with gram-negative bacteria being less common. Staphylococci are often a part of normal 

microflora on the skin and mucous membranes of the respiratory, upper alimentary and 

urogenital tracts.  The nares are the most significant site of S. aureus carriers in both animals 

and humans: almost 20% of humans can be permanent carriers (Quinn et al., 2011). 

Staphylococcus spp. rarely causes infections on healthy skin, but upon gaining access to internal 

tissues these bacteria may cause serious infections in both humans and animals (Westgate et 

al., 2010; Quinn et al., 2011). The most commonly isolated strains of coagulase-negative 

Staphylococcus spp. from healthy animals are S. sciuri and S. xylosus (Quinn et al., 2011).  

 

 Infections caused by Staphylococcus spp. in horses 

1.4.1. Skin infections 

Many bacteria of the genus Staphylococcus are responsible for skin infections in equines, 

particularly S. aureus, S. intermedius and S. hyicus. These strains of bacteria are commonly 
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isolated in the case of bacterial folliculitis (superficial pyoderma) (White et al., 2006). Some of 

the isolates have been found to be resistant to penicillin G. Folliculitis, or staphylococcal 

pyoderma, usually presents as crusts accompanied by alopecia in circular patterns similar as in 

the case of dermatophytosis, leading to misdiagnosis and underdiagnosing equine pyoderma. S. 

aureus and S. intermedius have also been found to be the causative agent of equine cellulitis, 

which is the infection and inflammation of the subcutaneous tissue. (White et al., 2006).  

Coagulase-positive Staphylococcus spp. are the most common causative agents of pastern 

bacterial infection (pastern folliculitis). Like in other primary pyoderma conditions in the horse, 

the exact mechanisms of causation and how the organism gets access to the dermis are yet 

unknown. If these skin conditions are left untreated, they may need surgical excision of nodules 

and extensive antimicrobial therapy (White et al., 2006) 

 

1.4.2. Wound infections  

Wounds pose a significant management challenge to veterinarians. These include  both chronic 

and acute wounds, the main concern being wounds that are at risk of infection. This is 

considered to be caused by the fact that horses are exposed to an array of microorganisms in 

addition to the indigenous bacteria that have a great ability to colonize open wounds (Westgate 

et al., 2010). Distal limb wounds in particular are susceptible to colonization of bacteria and 

consequently to infections. There have been suggestions that poor perfusion and oxygenation 

of the tissues in the distal limbs could be the reasons for distal limb wound infections and 

complications (Westgate et al., 2010).  

Surgical site infections (SSI) are post procedural infections occurring in the site of the incision. 

These infections however are not necessarily caused by the patient’s endogenous microflora, 

but instead may be caused by exogenous contamination through instruments or surgical team. 

Longer wound exposure together with longer tissue manipulation time play a great role in 

providing pathogens with a surface for an infection. Not only is Staphylococcus spp. the 

causative agent, but very often a mixed culture is found. In a study conducted by Isgren et al. 

(2018) 31 horses undergoing exploratory laparotomy were sampled for bacterial cultures from 

a ventral midline incision in different points during the surgery. The authors found that 22.6% 

of the horses sampled (n=31) developed an SSI. The most commonly isolated bacteria were 

Bacillus spp. (22.9%).  Staphylococcus spp. only accounted for 14.3% of the infections 

(Verwilghen, 2015; Isgren et al., 2018).  
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1.4.3. Synovial infections 

When bacteria, fungi or viruses invade a synovial stricture due to a laceration wound, puncture, 

crush injury or through circulation, the resulting inflammatory process is called septic synovitis. 

This disease is debilitating for the horse and may pose a threat to the athletic future and work 

performance if proper and adequate intervention techniques aren’t applied (Motta et al., 2017; 

Gilbertie et al., 2019). As mentioned earlier, Staphylococcus spp. may cause opportunistic 

infections, since they are found on the skin, mucous membranes and the conjunctiva as a part 

of the normal flora of the horse, and when provided the right circumstances, such as access to 

a joint through trauma, septic arthritis can occur. 

In a study conducted by Motta et al (2017), 60 horses with septic arthritis were sampled, and 

bacteria were isolated in 45 cases. Staphylococcus spp. accounted for only 15% (n=9) of these 

isolates, Streptococcus spp. was the most prevalent (n=16).  

 

 Antibiotic treatment  

The increased use of antimicrobial drugs has an effect on the prevalence of antimicrobial 

resistance as stated in the research of Schnepf et al. (2020) conducted in Germany. The authors 

of the study also mentioned that there is very little information about the usage of antimicrobials 

in horses since the monitoring programs such as in livestock treatment are not implemented in 

equine medicine. In livestock management, various databases are used to keep in tract of the 

antibiotic use on production animals. This makes the evaluation of the usage of AMs in horses 

rather challenging (Weese, 2015). 

In a study conducted by Hughes et al. (2012) it was noted that only 1% of the clinics taking 

part of the study in the UK had an antimicrobial usage guideline, which would aim to decrease 

the usage of AMs. In this study clinicians were presented with various clinical cases and asked 

what type of AM treatment they would provide to the patient. The two most prescribed 

medications were procaine benzylpenicillin and trimethoprim in combination with 

sulphonamides. Increased usage of these two particular antibiotics has been demonstrated by 

the increase of -lactamase and TMPS resistant bacterial colonies in other bacterial genera 

different from Staphylococcus spp., such as Escherichia coli (Hughes et al., 2012).  

The usage of TMPS combinations is considered to be owner friendly due to its ease of oral 

administration, lack of toxic effects, low cost and broad-spectrum activity. These combinations 

are used in the treatment of various diseases, such as respiratory infections, urinary tract 

infections and wounds. The broad-spectrum activity and the owner friendly nature of 
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administration makes it a perfect antibiotic for first-opinion practices and field veterinarians 

(Van Duijkeren et al., 1994; Hughes et al., 2012).  

In addition to antibiotics being prescribed for ongoing infections, they are also used 

prophylactically to reduce the incidence of infection in case of major invasive surgeries like 

colic surgeries, where there is no active or established infection present. The aim is to reduce 

the incidence of SSI in clean-contaminated and contaminated surgeries. This means that 

procedures that are classified as “clean” do not require perioperative AM intervention. At 

present, certain guidelines are implemented to the usage of perioperative antibiotics in colic 

surgeries. The AM should be of lower generation to minimize the risk of forming resistant 

bacterial strains. As noted by Dallap Schaer et al. (2012), most horses (n = 599, 78.7%) were 

administered intravenous potassium penicillin and gentamicin perioperatively. A common 

detrimental mistake due to human error was incorrect dosing (Highes et al. 2012 Dallap Schaer 

et al. 2012).  This might happen due to the inability of the veterinary practitioner to obtain the 

correct weight of the animal, whether it is due to field conditions or other reasons (Dallap 

Schaer et al., 2012; Hughes et al., 2012; Weese, 2015).   

 

 Prevalence of antibiotic resistant Staphylococcus spp. in horses 

AMR causes a lot of concern in both veterinary and human medicine. The increase of resistant 

populations of bacteria is becoming a limiting factor in the prevention and treatment of 

infections, as seen in human medicine with the emergence of vancomycin resistance in 

staphylococci (Rajkumar et al., 2017). According to Van Duijkeren et al. (2009), MRSA 

colonization varies between 0% and 4.7% on horse farms in Europe, Canada and North 

America. In horses admitted to equine clinics in Belgium this colonization varies between 2.9% 

and 10.9%, with hospitalized horses having an emergence of 16%, SSIs caused by 

Staphylococci being the dominate in the latter group (Van Duijkeren et al., 2009). Weese et al. 

(2010) stated that it is most likely that MRSA is endemic in the equine population in several 

regions, and horse farm colonization rates can be as high as 43%, as was reported in an 

individual farm in New York, USA (Weese et al., 2006). It is stated that the nasal passages are 

the most common colonization site, but no objective comparison with other sites is available 

(Weese and Rousseau, 2010).   

According to Guérin et al. (2017), the prevalence of MRSA strains isolated from horses was 

low (~2%) until the year 2011. In 2013 this same study observed a significant increase in the 

prevalence of MRSA strains, up to 10%. These samples were collected from stud farms mainly 
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from the North of France. Bergström et al. (2012) noted that sequence type (ST) 398 has 

emerged not only in livestock and horses in Europe, but also this same ST 398 has become 

more frequent among the MRSA isolates from human communities in European countries.  

The differences between the MRSAs found in Europe and in North America could be due to 

the differences in the regulations of antibiotic usage. In general, in Europe, there is an 

infrastructure in place locally to monitor antibiotic resistance and antibiotic usage, but this is 

not the case in the USA (Jacob and Gaynes, 2010).  

 

1.6.1. Zoonotic threat 

As mentioned earlier, antimicrobial resistance is a surging problem in both veterinary and 

human medicine. In veterinary hospitals and clinics, resistant bacteria pose a threat to all 

employees, suggesting a strong zoonotic potential of the bacteria, especially MRSA. Van 

Duijkeren et al. (2009) investigated two separate outbreaks of MRSA in a veterinary teaching 

hospital in the Netherlands. Both humans and horses were sampled; human samples were 

obtained from the nares and throat. In the first outbreak, 4/61 personnel were found to be 

positive with MRSA strain and in the second outbreak from 106 people that had been in close 

contact with the horses, 15 (14.2%) were found to be MRSA positive. In the second outbreak 

environmental swabbing was also performed, with 19/36 (53%) of the samples found to be 

positive for MRSA. These environmental samples included samples from the workers’ dressing 

rooms and canteens (Van Duijkeren et al., 2009). The present study shows evidence of zoonotic, 

nosocomial and environmental spread of MRSA in the veterinary teaching hospital.  

Multiple studies have been performed to investigate the colonization of MRSA in veterinarians, 

farm personnel and people living in the farms. Hanselman et al. (2006) found that in the United 

States, out of the total number of 96 samples, the prevalence of MRSA in large animal 

veterinarians was 15.6%. 

 

1.6.2. Control measures  

The cornerstone of controlling the spread of any bacteria is proper hygiene of staff or owners 

and proper cleaning and disinfection of contaminated areas should be performed (Bergström et 

al., 2012). If we suspect an MRSA infection, it should be isolated in order to minimize the risk 

of nosocomial and zoonotic transmission of the bacteria. The staff working with animals should 

be properly trained and be aware of their own hand hygiene, since transmission through hands 
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is thought to be an important route in both human and veterinary hospital settings (Van 

Duijkeren et al., 2010). Strategic placement of hand disinfectants and footbaths should be done 

in order to improve clinic hygiene and restrict the spread of bacteria inside the clinic (Bergström 

et al., 2012).  

Applying strict biosecurity protocols inside an equine clinic is of utmost importance, for 

example work attire that is provided by the clinic and washed when dirty, and changing into 

scrubs when entering the surgical unit (Bergström et al., 2012). Proper disinfectants for surgical 

preparation, like chlorhexidine soaps, should be used.  

 
  



 20 

2. AIM OF THE THESIS 

The specific aims covered in this thesis were as follows: 

• Describe the most abundant species of Staphylococcus spp. isolated in horses in Estonia. 

• Determine the antimicrobial susceptibility of isolated Staphylococcus spp.  

• Identify the occurrence of methicillin resistant Staphylococcus spp. in horses in Estonia.  
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3. MATERIALS AND METHODS 

 Invitation of participants 

Horse owners around Estonia were contacted personally and by using social media. Study 

information was posted on 09.03. 2021 to a social media group consisting of both Estonian 

horse and stable owners. Some stable owners were contacted directly via e-mail or face-to-face. 

Agreeing parties expressed their interest via Facebook Messenger. In addition, horse owners 

who visited the Equine Clinic of Estonian University of Life Sciences were also introduced 

about this study.  The study was a part of the research project RITA (1/02-75-03) 

L190172VLKM “Routes for development and spread of antibiotic resistance and resistance 

containment measures” financed by the Estonian Research Council. 

After agreeing to participate, the written informational material about study aims, detailed 

sampling procedures were provided. Also, a brief overview of Staphylococcus spp., developing 

of resistance and an impact of human health were described. Owners were asked to sign a form 

of consent before the study, shown in Appendix 2. In the instance when the owners weren’t 

present at the time of sampling, questionnaires, shown in Appendix 1, and consent forms were 

sent via e-mail before the sampling, and signed electronically. Both forms were available for 

owners in Estonian and English. 

 

 Selection of study population 

No specific criteria were set to participate in the study in addition to owners’ consent. All horses 

whose owners agreed to participate in the study and consented their horses to be sampled were 

included in the study. The study population involved horses residing in Estonian stables at the 

moment of sample collection.  

 

 Sample collection and handling 

This study was conducted in an eight-month time period (01.11. 2020 – 13.05. 2021). Nasal 

swab (Transsystem 116C, 114C, Copan, UK) samples were collected at the stables where horses 

lived. A number of  samples were collected at the Estonian University of Life Sciences Equine 

Clinic. 

The nasal swabs were taken from both nostrils of the horse by inserting the swab about 10 cm 

into the nasal cavity. The swab was rubbed gently against the mucosa of nasal septum for about 
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5 seconds, and then repeated on the other nasal opening. The swab was then immediately placed 

into Amies a transport medium with charcoal, and all samples transported to  the Equine Clinic 

of Estonian University of Life Sciences. In the clinic, all samples were stored at -200C until 

bacteriological analysis.  

All collected samples were sent to the Estonian Veterinary and Food Laboratory for 

bacteriological analysis and antimicrobial susceptibility testing in the end of May 2021. 

 

 Data collection  

The horse owners were given a questionnaire which consisted of 12 short questions concerning 

the basic information about the horse (age, sex), the housing type, the horse’s health history, 

clinic visits, possible travels outside Estonia, and antimicrobial medications from the past six 

months. The questionnaire is shown in Annex 1. 

 

 Laboratory analysis 

Isolation and identification of staphylococci and antimicrobial susceptibility testing were 

performed according to accredited methods in the Estonian Veterinary and Food Laboratory in 

Tartu. 

 

3.5.1. Isolation and identification of staphylococci 

Nasal swabs were streaked on selective chromogenic agar CHROMagar™ MRSA 

(ChromAgar, Paris, France) and in parallel onto Mueller-Hinton agar with sheep blood and 

mannitol-salt agar. All plates were incubated at 37°C for 18...24 hours. 

In blood agar, staphylococci were identified by microbiological culture methods based on 

colony morphology, Gram staining, catalase and plasma coagulase testing. Based on colony 

morphology, 3-5 isolates were recultivated to the blood agar for pure culture. S. aureus and 

species of coagulase negative staphylococci were identified by using MALDI-TOF method. All 

identified staphylococcal isolates were stored at -20 C in trypticase soy broth containing 15% 

glycerol for further antimicrobial susceptibility testing. 
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3.5.2. Phenotypic and genotypic identification of methicillin resistant staphylococci 

Isolates detected in selective CHROMagar™, were analyzed for carriage of mecA and mecC 

gene. DNA was extracted from bacterial colonies and PCR technology was used to detect 

carriage of MRSA and MRS strains. Sequencing of the staphylococcal cassette was performed 

to find out the Staphylococcal protein A type (spa) in MRSA isolates. The genome sequencing 

of the two isolates that carried mecA gene was performed in the Institute of Technology in the 

University of Tartu. 

 

3.5.3. Antimicrobial susceptibility testing 

All collected isolates were tested by broth microdilution using commercial TREK plates EUST 

(SensiTitre, Thermo Fisher Scientific) according to the Clinical Laboratory Standards Institute 

standards for susceptibility testing of veterinary pathogens. For interpretation of results for 

susceptibility testing of S. aureus and CNS, epidemiological cut-off values (ECOFF) issued by 

the European Committee on Antimicrobial Susceptibility Testing (EUCAST) (http:// 

www.escmid.org) were used. ECOFF used for S. aureus were issued in EFSA Journal (2012). 

The antibiotics tested and breakpoint values of minimal inhibitory concentration (MIC) are 

shown in Table 2.  

 

Table 2. Antimicrobial agents and interpretation criteria of S. aureus and Coagulase negative 

staphylococci 
Antimicrobial agent Breakpoint for resistance (µg/ml) 

 S. aureus CNS 

Clindamycin ≤0,25 ≤0,25 

Erythromycin ≤1 ≤2 

Tetracycline ≤1 ≤1 

Ciprofloxacin ≤1 ≤1 

Rifampin ≤0,032 ≤0,5 

Cefoxitin ≤4 NA 

Streptomycin ≤16 ≤16 

Tiamulin ≤2 ≤2 

Linezolid ≤4 ≤2 

Fucidate ≤0,5 ≤0,5 
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Quinupristin/ dalfopristin ≤1 ≤2 

Mupirocin ≤1 ≤1 

Penicillin NA NA 

Vancomycin ≤2 ≤2 

Sulfamethoxazole ≤128 ≤128 

Chloramphenicol ≤16 ≤8 

Gentamycin ≤2 ≤1 

Kanamycin ≤8 ≤8 

Trimethoprim ≤2 ≤4 

NA – not analyzed 

  

 Statistical analysis 

Data from the questionnaire were added to the MS Excel worksheet. For further analysis, all 

answers were recoded. The final dataset consisted of following information: horses’ age, sex, 

country of residence, type of housing, travel history of the preceding six months and specifics 

of the destination country, clinic visits including the reason and length of the visit, antimicrobial 

usage during the last six months, the specific active agents used, the results of the swabs and 

antimicrobial testing of the isolated cultures. Antimicrobial susceptibility data were recoded as 

0 - susceptible and 1 - resistant. The proportion of resistant isolates with 95% confidence 

interval were calculated by using OpenEpi software. The prevalence of MRSA was calculated 

by dividing the number of MRSA positive horses by the total number of horses participating in 

the study and multiplied by 100 and 95% CI was calculated. 

 

 Ethical considerations 

The study was carried out in accordance with the permit no. 7.2-11 / 2 issued by the Animal 

Testing License committee of the Ministry of Rural Affairs. 

Participation to the study was entirely voluntary to the owners. A signed consent form was 

obtained from the owners as an authorization to sample their horse and use their filled 

questionnaires in the study. E-mail addresses of the owners were collected in order to send them 

the results of the samples, if desired. The horses’ names were collected and an individual code 

was created for each horse, using the last three digits of their microchip or UELN number. No 

complete microchip or UELN numbers were collected.  
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All analysis were done anonymously with the written and signed permission of the owners. 

There is no conflict of interest.  
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4. RESULTS 

  Distribution of sex and age of sampled horses 

In total, during the seven-month study period, 141 horses were sampled. Of the sampled horses, 

55.3% (n = 78) were mares, 36.2% (n = 51) were geldings, and stallions accounted for 8.5% (n 

= 12). Horses with the age span of 1-4 years accounted for 23.4% (n = 33), 37.6 % (n=53) 

belonged to the age group of 5-9 years, which was the majority of the sampled horses and 22.0 

% (n=31) consisted of horses with the age span of 10-14 years of age. The remainder of the 

sampled horses (17.0 %; n=24) were older than 14 years. The years of birth of the sampled 

horses varied between 1991-2020, leaving the mean year of birth of the sample population 2012.  

 

 

Figure 2. Age group distribution of the sampled horses (n= 141) 

 Distribution of housing type and counties of sampled horses 

The sampled horses originated from six Estonian counties. The majority (n=72; 51.1%) of 

horses were from Tartu county, followed by Harju county (n=34; 24.1%), Põlva county (n=16; 

11.3%), Saare county (n=8; 5.7%), Viljandi county (n=7; 5.0%) and Ida-Viru county (n=4; 

2.8%). In Põlva, Saare, Viljandi and Ida-Viru counties, samples were collected from only one 

stable. This data is presented in Figure 2. 

The housing type of the horses was following: most commonly, the horses were housed in the 

private (41.8%; n = 59) and home stables (34.8%, n = 49). In total, 11.3% (n = 16) lived in a 

riding school, 5.7% (n = 8) in a farm where other species of animals were kept, and 5% (n = 7) 
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of the horses lived in a complex that had both riding school and private stable in the same stable 

complex. Two (1.4%) horses lived at a clinic as teaching horses.  

 

 

Figure 3 Distribution of samples by counties.  

 Travel history of sampled horses 

The majority of owners, 89.4% (n = 126), reported no travels within the six months prior to 

filling the questionnaire. 9.9% (n = 14) of the horses had travelled abroad from Estonia. Most 

of these trips had been to Latvia, 57.1% (n = 8) horses, with the longest trip lasting 42 days. 

21.4 % (n = 3) of the sampled horses had travelled to Finland. None of the horses had travelled 

outside Europe.  

 

 Visits to the veterinary clinic 

According to the owners’ answers, the majority of the horses (80.1% (n = 113)) had not visited 

the clinic 6 months prior to sampling, and 18.4 % (n = 26) had visited a clinic. The visited 

country was not specified. Two (1.4%) owners had no known history of the clinic visits of their 

horses from the last six months. 

Durations and reasons for the clinic visits were specified in the questionnaires. Most commonly 

(50.0 % (n = 13)) the horses had spent over two hours at a clinic. Eight (33.3%) of the horses 
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had spent over two days at the clinic. Two (8.3%) of the sampled horses had spent one to two 

days at a clinic and the remaining 4.2% (n = 1) had been up to 2 hours in a clinic.  

 

Figure 4 Distribution of the lengths of clinic visits obtained from the questionnaires. 

Out of the 17 horses that had spent over two hours at a clinic,the majority had visited the clinic 

due to respiratory symptoms (n = 7). The most common reason for the horses to have visited 

the clinic was for examinations of respiratory symptoms (n = 7; 29.2%), followed by 

orthopaedical examinations (n = 5; 20.8%), which included lameness examinations, 

osteochondrosis dissecans (OCD) lesion removals or radiologic examinations to identify OCD 

lesions and intra-articular injections (injected drug not specified by owner). Five (20.8%) of the 

horses had been admitted to the clinic with colic signs and three (12.5%) had been in 

gastroscopies. The remaining four horses (16.7%) had been in the clinic for other reasons, such 

as asthma combined with a corneal ulcer, operation that was not specified by the owner, 

peritoneal wall rupture and pre-purchase examination (PPE).  
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Figure 5. Distribution of the reasons for clinic visits of the horses. 

 Antibiotic treatment history 

The majority of horses, 87.9 % (n = 124), had not received any antibiotic in the six months prior 

to sampling and only 7.9 % (n=11) had received antibiotics and the medications were known 

by the owners. One horse (0.7%) had received antibiotics as well, however the specific drug 

and active ingredient was unknown to the owner. Owners of five horses (3.5%) were unsure 

about their horse’s antibiotic history.  

 

4.5.1. Used antibiotics 

Altogether, 11 active ingredients had been used and in total 12 horses had received antibiotic 

treatment. Some antibiotics had been used in combination with one or multiple different active 

ingredients. The antibiotic that was used the most was trimethoprim-sulfamethoxazole (n=6), 

in some cases in combination with doxycycline (n=3). Gentamycin was either used as a single 

injection or in a combination with three different antibiotics. Other used active ingredients were 

tobramycin (n=2), penicillin (n=1), marbofloxacin (n=1), metronidazole (n=1), ciprofloxacin 

(n=1), chloramphenicol (n=1), oxytetracycline (n=1) and nitazoxanide (n=1). Of the total 12 

horses that had received antibiotic treatments, 50.0% (n=6) had received only one antibiotic 

agent during their treatment protocol. In total, 25.0 % (n=3) had received a combination of two 

different antibiotics and 16.7% (n=2) received more than two antibiotics. These two cases had 
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spent more than two days in an animal clinic. One case (8.3%) had received antibiotics, but the 

amount and the active agent was unknown to the owner.  

 

4.5.1. Isolation of Staphylococcus spp. 

In total, 20 (13.8%) Staphylococcus spp. isolates out of 141 nasal swab samples were isolated. 

Among coagulase negative staphylococci (n = 16), the S. delphini was the most prevalent 

species (n=9; 45.0 %), followed by S. sciuri (n =3; 15.0 % and S. vitulinus (n = 2). S. aureus 

found in four samples and two of them were carried meqA gene. Among all collected nasal 

swab samples from horses (n = 141) the prevalence of methicillin resistant S. aureus was 1.4% 

(CI 95% 0.17-5.03). 

 

4.5.2. Antibiotic resistance of Staphylococcus spp. 

The summary of antibiotic resistance is presented in Table 3. In total, 31.3% (n=5) of CNS 

isolates were susceptible to all tested antimicrobial agents. Multiresistance (simultaneous 

resistance ≥3 antimicrobial) were detected in three (18.8%) isolates. The CNS isolates were 

most commonly resistant to fucidate (fusidic acid) (50%) and trimethoprim (12.5%).  

Among S. aureus, the MRSA strains were multiresistant and one isolate showed resistance to 

six different antimicrobials (tetracycline, ciprofloxacin, cefoxitin, gentamycin, kanamycin and 

trimethoprim).  

 

Table 3. The proportion of antibiotic resistance of Coagulase negative staphylococci and S. 

aureus isolates 

Antimicrobial  Breakpoints for 

resistance 

(µg/ml) 

CNS (n=16) S. aureus (n=4) 

  % (95% CI) % (95% CI) 

Clindamycin ≤0,25 12.5 (1.6-38.3) 0 

Erythromycin ≤2 0  0 

Tetracycline ≤1 6.3 (0.2-30.2) 50.0 (6.8-93.2) 

Ciprofloxacin ≤1 0 25.0 (0.6-80.6) 

Rifampin ≤0,5 0 0 

Cefoxitin NA NA 50.0 (6.8-93.2) 
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Streptomycin ≤16 0 0 

Tiamulin ≤2 0 0 

Linezolid ≤2 12.5 (1.6-38.3) 0 

Fucidate ≤0,5 50.0 (24.7-75.4) 25.0 (0.6-80.6) 

Quinupristin/ 

dalfopristin 

≤2 0 0 

Mupirocin ≤1 0 0 

Penicillin NA NA NA 

Vancomycin ≤2 0 0 

Sulfamethoxazole ≤128 0 0 

Chloramphenicol ≤8 12.5 (1.6-38.3) 0 

Gentamycin ≤1  6.3 (0.2-30.2) 50.0 (6.8-93.2) 

Kanamycin ≤8 0 75.0 (19.4-99.4) 

Trimethoprim ≤4 18.8 (4.1-45.7) 50.0 (6.8-93.2) 

NA – not analyzed 

 

4.5.3. Genotypic resistance of MRSA isolates 

In total, five different resistance genes were detected in two MRSA isolates.  

Both isolates belong to the sequence type ST 398 and carried resistance genes to the following 

antimicrobials: aminoglycosides (aac(6')-aph(2''):C), betalactams (blaZ:C; meqA), folate 

pathway (dfrK:C) and tetracycline (tet(M):Cx2). 

The horses from which MRSA was isolated, had been in a clinic in six months prior to sampling. 

One horse had been administered antibiotics during the clinic visit, the other had not received 

any antibiotics during the clinic visit nor six months prior to sampling. Both had travelled 

outside Estonia and had also spent time in a clinic abroad.  
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5. DISCUSSION 

 MRSA in studied horse population 

One of the aims of this study was to find out the possible occurrence of MRSA in the horse 

population of Estonia. Two isolates of MRSA were found in the population of 141 horses, 

leaving the prevalence at 1.4% (CI 95% 0.17-5.03). The prevalence of the MRSA is low 

compared to for example France, where a significant increase in the prevalence of MRSA in 

horses (10%) was found (Guérin et al., 2017). These samples were however collected from 

study farms that have different environmental risk factors than for example veterinary hospitals, 

so the true prevalence may be a lot higher. In Belgium, 10.9% of the screened animals that were 

admitted to an equine hospital tested to be carriers of MRSA ST 398 (Van den Eede et al., 

2009), which is significantly higher than in Estonia, but this could be linked to the size 

difference of the equine population between Estonia and Belgium. According to Agricultural 

Registers and Information Board of Estonia (Põllumajanduse Registrite ja Informatsiooni 

Amet, PRIA), there are 13 489 horses registered in Estonia. Therefore, this study includes 

1.05% of the Estonian horse population (141/13489).  

 

5.1.1. Background information for MRSA infection 

Both of the horses from which we were able to isolate MRSA, had travelled abroad and had 

visited an equine clinic while being abroad. The length of the stay at the clinic was longer than 

two days, which means this could potentially be regarded as a risk factor for MRSA infection, 

since the longer stay at the hospital increases the risk of being contaminated with MRSA, if 

there has been a previous case of MRSA in the said clinic. Environment associated and 

nosocomial infections of MRSA have previously been reported in equine clinics (Weese et al., 

2005; Bergström et al., 2012; van Duijkeren et al., 2010). Taking the findings of these studies 

into the account, staying at a clinic abroad could be regarded as possibly a risk factor for 

bringing MRSA to Estonia. Additionally certain procedures like surgeries and exposure to 

antibiotics can be regarded as a risk factor to developing MRSA (Weese and Lefebvre, 2007). 

Van Duijkeren et al. (2010) demonstrated that horses that tested negative upon admission to a 

clinic in the Netherlands, turned out to be MRSA positive upon the next screening sample. They 

also showed that nosocomial transmission rate was higher during the hospitalization of the 

horses, when the amount of MRSA positive samples was increased compared to the rate of 

positive samples at admission (Van Duijkeren et al., 2010).  
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The frequency of visiting equine clinics was quite low, 18.4% (n=26) of the horses had visited 

a clinic, either abroad or in Estonia. The grand majority of the horses hadn’t visited a clinic in 

the six-month period before sampling. This could indicate that horse owners in Estonia prefer 

that the veterinarian comes to the stables rather than them taking the horse for examinations to 

a clinic, unless deemed absolutely necessary. Since there is only one equine clinic in Estonia 

for the time being and this little prevalence of MRSA infections, this could indicate good 

infection control protocols in the Estonian University of Life Sciences Equine Clinic.  

Since only 9.9% of the horses sampled had traveled abroad, it cannot be stated for sure if 

travelling on its own is a risk factor based on these results. The horse population in Estonia is 

quite closed, and based on the results of this study, MRSA hasn’t been brought  to the country 

yet, as no endemic MRSA strains from horses that hadn’t been travelling were isolated.  

One of the isolated MRSA horses had received several antibiotics, including penicillin. TMPS 

and penicillin were described by Weese and Lefebvre (2007) to have been associated in 

developing MRSA in horses after infection. It was also noted that administering 

aminoglycosides and cephalosporins were associated with the hospital-associated MRSA 

infection, neither of which were given to the MRSA horses isolated in our study. There was 

however, genetic resistance to aminoglycosides, which suggests that the bacteria might have 

developed resistance from previous patients that have been administered aminoglycosides 

(Weese and Lefebvre, 2007).  

None of the horses given TMPS combinations had developed resistance to any antibiotics, and 

no species of staphylococci were isolated from these horses. From the second MRSA isolate 

we had no history of antibiotic use from the last six months, so we can’t say for sure if this 

antibiotic consumption is the main factor in developing MRSA in horses.  

There was no specific connection between the housing type and developing MRSA infection, 

even though there have been cases of community associated MRSA infections in farms (Weese 

and Lefebvre, 2007) where one MRSA infected animal has been in contact with other horses or 

the pathogen has infected the other indirectly through feed pens and water buckets. There is 

however little evidence about nosocomial infections and colonization in horse farms, and more 

research and sampling is needed. There is also a possibility of MRSA colonies to become 

endemic, especially in foals (Weese et al., 2006 b). 
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5.1.2. Zoonotic potential of MRSA  

The sequence type of the MRSA isolates was ST398, which is a livestock associated clonal 

complex, particularly prevalent in the swine-breeding industry and poses a working hazard to 

the personnel (Pirolo et al., 2019), but also could pose a threat to public human health due to 

transspecies transmission between horses and their caretakers as demonstrated in previous 

studies (Van den Eede et al., Walther et al., 2018).  

Weese et al., 2006 b) demonstrated significant veterinary personnel infection after short time 

of exposure to an MRSA ST398 positive foal. This suggests that care should be taken when 

admitting MRSA positive patients to equine hospitals, and follow strict biosecurity protocols 

while handling these patients. The previous evidence of 10.9% MRSA prevalence in a Belgian 

clinic demonstrated by Van den Eede et al. (2009) and the isolates having the same ST, gives 

more evidence that this particular livestock associated ST is becoming increasingly prominent 

in Western European horse population and has been found in human isolates (Bergström et al., 

2012). 

 

 Normal microflora in horses 

The main aim of this thesis was to describe the most abundant species of Staphylococcus in the 

horse population of Estonia. The most prevalent species of staphylococci isolates in the study 

was S. delphini (n=9; 45.0%). This species has been previously isolated from the nasal cavities 

of healthy donkeys in Tunisia (Garsha et al., 2014) as a part of their normal microflora. A study 

conducted on healthy horses in Poland by Karakuslka et al. (2012), found no S. deplhini in the 

nasal swabs of healthy horses. The most prevalent species of staphylococci found in Polish 

horses were S. equorum, S. warneri, S. sciuri, S. vitulinus and S. xylosus. Of the forementioned 

staphylococci species, Estonian horses had single isolates of S. warneri (n=1) and S. xylosus 

(n=1), furthermore two isolates of S. vitulinus (10.0%) and three isolates of S. sciuri (15.0%). 

Methicillin- susceptible S. aureus has been isolated from healthy horses in Canada (Burton et 

al., 2008). In our study, two isolates were methicillin-susceptible.  

Based on previous studies, the Staphylococcus spp. occurring in Estonian horses is fairly similar 

compared to other countries. However, the overall number of isolated staphylococcal species is 

quite low and might not represent the true prevalence of the bacteria in the whole horse 

population of Estonia.  
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5.2.1. Staphylococcus spp. in age and sex groups 

Staphylococci were the most prevalent in younger age groups of sampled horses, age groups 1-

4-year-olds (n=7; 35.0%) and 5-9-year-olds (n=8; 40.0%). This could be due to the way the 

modern horse industry works, meaning the younger horses spend more time in a field part of a 

herd where they are constantly exposed to different bacterial colonies. The majority of the 

isolates were found from mares (13/20), and the rest from either geldings or stallions. It has 

been shown in previous studies that staphylococci are more commonly isolated from female 

horses rather than male horses (Othman et al., 2021). The reason for this is not known, but 

could reflectthe greater proportion of female horses participated in the current study (78/141; 

55.3%) but also in the study conducted by Othman et al. (2021) in Libya, where the proportion 

of females was 77.2% (n=71). This could also reflect the number of mares owned by horse 

enthusiasts and their preferences over male horses.  

 

5.2.2. Resistance of the CNS isolates  

In the study, 50.0% (8/16, 95% CI 24.7-75.4) of the CNS isolates found in healthy horses had 

resistance towards fucidate, or fusidic acid, which is an active ingredient found in topical eye 

ointments used to medicate eye infections, such as conjunctivitis in horses. These horses with 

fusidic acid resistance didn’t include the MRSA isolates. As this ointment is usually prescribed 

by the veterinarian or left to the owner to administer for a certain amount of time. Even though 

this ointment is locally administered, it can happen that the ointment drops on the palpebrae of 

the horse, or even on the nose of the horse due to administration difficulties, or the person’s 

hands get contaminated with the ointment. Also, the eye is anatomically connected to the nasal 

cavity via the nasolacrimal duct. Therefore, even local antibiotic treatment could be a possible 

factor in changing the antimicrobial qualities of the horses’ natural microbiota in both the skin 

and mucous membranes.  

The second most prevalent resistance found in the CNS isolates was against trimethoprim 

18.8% (n=3; 95% CI 4.1-45.7), but no resistance to sulfamethoxazole. None of these horses had 

received TMPS combination antibiotics. This is one of the most commonly prescribed 

antibiotics by veterinarians, in addition to benzylpenicillin (Weese et al., 2012; Hughes et al., 

2013), and is mostly used for treatments of wounds, simple infections and post operatively to 

avoid SSIs. TMPS combinations are easily used by owners with PO administration and is 

relatively affordable, which contributes to the high frequency of veterinarians prescribing this 

antibiotic (Hughes et al., 2013). The resistance to trimethoprim might also be caused by 
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horizontal gene transfer, due to for example cross contamination on feed buckets with the 

antimicrobial leading to mutations in the endemic microbiota of the horses, without actually 

consuming the antimicrobial agent themselves. Two of the sampled horses (1.42%) that lived 

in the same stable conditions showed similar resistance patterns to trimethoprim, although they 

hadn’t consumed the drug in the time window asked in the questionnaires (six months). Both 

were riding school horses, which supports the theory of cross contamination of either boxes and 

water or feed buckets.  

Only in two cases in which a species of staphylococci was isolated, the horses had received 

antibiotics. The antibiotics, however, differed from the resistance qualities of the bacteria. This 

was true except in one case of MRSA isolate, where the horse had been administered 

gentamicin, and the bacteria was found to be resistant in MIC testing. The other MRSA isolate 

was also found to be resistant to gentamicin, even though the horse hadn’t received any 

gentamicin. This explains the resistance gene against aminoglycosides found from sequencing 

of the MRSA isolates. There is no significant connection between administration of antibiotics 

and development of resistance through consuming antibiotics. This could indicate a community 

associated or infection through environmental contamination.  

 

 Recommendations for the future  

Due to the small number of isolated Staphylococcus spp., we can’t make any reliable decisions 

based on the results presented in the study. The confidence intervals of the results are wide 

which makes the results unreliable since the result may fit several hypotheses, in case of 

antibiotic resistance. 

The positive note is, that not many MRSA isolates were isolated from Estonian horse 

population, which indicates that the Estonian horse population is relatively free of MRSA. To 

keep the prevalence of MRSA low and reducing the chance of endemic strains, it is important 

to control the status of MRSA infections and prevalence. This is done by following strict 

biosecurity measures in clinics, like strategic placement of hand disinfectants and disinfectant 

footbaths and possibly consider isolating horses that are admitted from other clinics outside of 

Estonia (Bergström et al., 2012). Proper cleaning and disinfection protocols should be put in 

place to reduce the amount of dust in the clinic, since dust appears to play a greater role in 

transspecies transmission of MRSA from horses to humans. This is due to horses producing 

more dust particles and the way the horses are usually housed, on a bedding material such as 

shavings or straw, subsequently produces more dust (Van den Eede et al., 2009). 
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Regular screening of horses on admission could be potentially ineffective and expensive for the 

clinic (Van den Eede et al., 2009) but could provide Estonian equine veterinarians with useful 

information about the spread of MRSA and the zoonotic ST 398 strain. Subsequently, this 

would provide the veterinarians a way to act quickly in case of a MRSA contaminated patient. 

Furthermore, screening of horses would provide us with more information about horse 

pathogens and their possible resistance genes and whether horses develop resistance during a 

longer stay in an equine clinic, for example in an intensive care unit.  

Estonian Ministry of Rural Affairs has published a clinical guideline for the use of antibiotic 

medications in production animals (2020). In the opinion of the author, the use of antibiotics in 

both production and companion animals should however be more controlled and more 

information on their use in practice should be available, especially in Estonia. Researching 

individual pathogens and the specific antibiotic regime would help with emerging resistance 

problems, as well as making more extensive protocols for the use of antibiotics in treatment of 

specific diseases.  
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CONCLUSIONS 

In the study, 141 Estonian horses were sampled to determine the occurrence of Staphylococcus 

spp. residing in the mucous membranes of horses and their resistance to antibiotics. In addition 

to the 16 CNS isolates, four S. aureus isolates were found, of which two MRSAs were isolated. 

According to the results, the species that were isolated from Estonian horses are similar to what 

other countries have isolated from their horse population, to a certain degree.  

Based on the results, the majority of CNS isolates in Estonian horse population are resistant to 

antibiotics. These might be the result of antibiotic treatment earlier than the six-month period 

used in this study, also environmental contamination could play a significant role in developing 

resistance. Further studies should be conducted to investigate the likelihood of developing 

resistant bacteria through direct or indirect contact of contaminated environment or horses.  

Based both on the literature review and results, the incidence of MRSA (2/141; 1.4%) and 

antibiotic resistance in general is becoming more common in horses. In our study, 15/20 

(75.0%) of the isolates were resistant to one or several antibiotics.  This poses a threat to humans 

in contact with them, including the veterinarians, especially considering the livestock-

associated MRSA ST398 gaining ground in Western Europe. The emergence of MRSA has 

risen in the equine population but the colonization varies dramatically between different 

regions, Estonia having a closed population and a rather small-scale, almost non-existent, 

colonization dependent on MRSA strains brought from abroad.  

In order for us to prevent ST398 MRSA strains of becoming endemic in the Estonian horse 

population and to reduce the risk of human infection, strict protocols for screening and 

biosecurity should be followed, in addition to client education to raise awareness of a possible 

public health hazard.   

  



 39 

ACKNOWLEDGEMENTS 

First and foremost, I would like to thank both of my supervisors, who have resiliently pushed 

and supported me throughout this writing and sampling process, but most of all providing me 

with a subject that is very actual in the modern world of medicine.  

 

This thesis project was a part of a bigger research, RITA project, and would like to thank my  

supervisor, Piret Kalmus, for letting me participate in this study and being of such big help 

throughout from starting sampling to writing this thesis.  

 

To conclude, I would also like to thank my family and my significant other for supporting me 

throughout my journey at the Estonian University of Life Sciences. A big thank you to all of 

the veterinarians, especially at the Equine Clinic, for without your teaching and patience, I 

would not have the skillset I now have, if it wasn’t for you.  

 

  



 40 

REFERENCES 

Al-Talib, N. A., Abduljala, M. H., Ali Hamodat, Z. M. A. (2020) Review on Staphylococcus 

sp. and its pathogens. International Journal of Research in Pharmaceutical Sciences. 11 (1) 

pp.755-759. 

 

Alav, I., Sutton, J. and Rahman, K. (2018) Role of bacterial efflux pumps in biofilm 

formation. Journal of Antimicrobial Chemotherapy, 73 (8), pp.2003-2020. 

 

Argemi, X., Hansmann, Y., Prola, K., Prévost, G. (2019) Coagulase-Negative Staphylococci 

Pathogenomics. International Journal of Molecular Sciences. 20 (5), 1215. 

 

Bergström, K., Nyman, G., Widgren, S., Johnston, C., Grönlund-Andersson, U., Ransjö, 

U. (2012). Infection prevention and control interventions in the first outbreak of methicillin-

resistant Staphylococcus aureus infections in an equine hospital in Sweden. Acta Veterinaria 

Scandinavica, 54 (14) 

 

Burton, S., Reid-Smith, R., McClure, J. T., Weese, J. S. (2008) Staphylococcus aureus 

colonization in healthy horses in Atlantic Canada. La revue Veterinaire Canadienne, 49 (8), 

pp.797–799. 

 

Busscher, J. F., van Duijkeren, E., Sloet van Oldruitenborgh-Oosterbaan, M. M. (2006) 

The prevalence of methicillin-resistant staphylococci in healthy horses in the Netherlands. 

Veterinary microbiology, 113 (1-2), pp.131–136. 

 

Cepas, V., López, Y., Muñoz, E., Rolo, D., Ardanuy, C., Martí, S., Xercavins, M., 

Horcajada, J., Bosch, J., Sotol, S. (2019) Relationship Between Biofilm Formation and 

Antimicrobial Resistance in Gram-Negative Bacteria. Microbial drug resistance 25, 1, pp.72-

79 

 

Cohn, L., Middleton, J. (2010) A veterinary perspective on methicillin-resistant 

staphylococci. Journal of Veterinary Emergency and Critical Care, 20, pp.31-45.  

 



 41 

Corona, F., Martinez, J. (2013) Phenotypic Resistance to Antibiotics. Antibiotics (Basel, 

Switzerland), 2 (2), pp.237–255.  

 

Dallap Schaer, B., Linton, J., Aceto, H. (2012), Antimicrobial Use in Horses Undergoing 

Colic Surgery. Journal of Veterinary Internal Medicine, 26, pp.1449-1456.  

 

Deurenberg, R., Stobberingh, E. (2009). The Molecular Evolution of Hospital- and 

Community-Associated Methicillin-Resistant Staphylococcus aureus. Current Molecular 

Medicine, 9 (2), pp.100-115. 

 

European Food Safety Authority. (2012). Technical specifications on the harmonized 

monitoring and reporting of antimicrobial resistance in methicillin-resistant Staphylococcus 

aureus in food-producing animals and food. EFSA Journal 10 (10):2897. Doi: 

https://doi.org/10.2903/j.efsa.2012.2897   

 

Gharsa, H., Slama, K.B., Gómez-Sanz, E., Gómez, P., Klibi, N., Zarazaga, M., Boudabous, 

A. and Torres, C. (2015). Lineages, resistance and virulence in staphylococci in the donkey. 

Equine Veterinary Journal, 47, (4) pp. 463-466. 

 

Guérin, F., Fines-Guyon, M., Meignen, P., Delente, G., Fondrinier, C., Bourdon, N. 

Cattoir, V., Léon, A. (2017). Nationwide molecular epidemiology of methicillin-resistant 

Staphylococcus aureus responsible for horse infections in France. BMC Microbiology, 17 (1).  

 

Habib, F., Rind, R.,  Durani, N., Bhutto, A., Buriro, R., Tunio, A., Aijaz, N., Lakho, S., 

Bugti, A., Shoaib, M. (2015) Morphological and Cultural Characterization of Staphylococcus 

Aureus Isolated from Different Animal Species. Journal of Applied Environmental and 

Biological Sciences. 5. Pp.15-26. 

 

Hanselman, B., Kruth, S., Rousseau, J., Low, D., Willey, B., McGeer, A.,Weese, J., 2006. 

Methicillin-resistantStaphylococcus aureuscoloniza-tion in veterinary personnel. Emerging In-

fectious Diseases. 12, pp.1933–1938. 

 

Hiramatsu, K., Cui, L., Kuroda, M.,  Ito, T. (2001). The emergence and evolution of 

methicillin-resistant Staphylococcus aureus. Trends In Microbiology, 9 (10), pp.486-493. 

https://doi.org/10.2903/j.efsa.2012.2897


 42 

 

Hughes, L.A., Pinchbeck, G., Callaby, R., Dawson, S., Clegg, P., Williams, N. (2013), 

Antimicrobial prescribing practice in UK equine veterinary practice. Equine Veterinary 

Journal, 45, pp.141-147. 

 

Jacob, J. and Gaynes, R. (2010) Emerging trends in antibiotic use in US hospitals: quality, 

quantification and stewardship. Expert Review of Anti-infective Therapy, 8, 8, pp.893-902. 

 

Li, H., Andersen, P. S., Stegger, M., Sieber, R. N., Ingmer, H., Staubrand, N., Dalsgaard, 

A., Leisner, J. J. (2019). Antimicrobial Resistance and Virulence Gene Profiles of Methicillin-

Resistant and -Susceptible Staphylococcus aureus From Food Products in Denmark. Frontiers 

in microbiology, 10, 2681.  

 

Lister, J. L., Horswill, A., R. (2014) Staphylococcus aureus biofilms: recent developments in 

biofilm dispersal. Frontiers in Cellular and Infection Microbiology, 4. 178 

 

Maaeluministeerium (Republic of Estonia, Ministry of Rural Affairs). Juhend antibiootikumide 

kasutamiseks põllumajandusloomadel. 

https://www.agri.ee/sites/default/files/content/valjaanded/juhend-2020-antibiootikumiravi-

loomad.pdf (Retrieved 11.05. 2022)  

 

Motta, R., Martins, L., Motta, I., Guerra, S., Paula, C., Bolanos, C., Silva, R. and Ribeiro, 

M. (2017) Multidrug resistant bacteria isolated from septic arthritis in horses. Pesquisa 

Veterinária Brasileira, 37, 4, pp.325-330. 

 

Othman, A., Hiblu, M., Abbassi, M., Abouzeed, Y., Ahmed, M. (2021). Nasal colonization 

and antibiotic resistance patterns of Staphylococcus species isolated from healthy horses in 

Tripoli, Libya. Journal of equine science, 32(2), 61–65.  

 

Pirolo, M., Visaggio, D., Gioffrè, A., Artuso, I., Gherardi, M., Pavia, G., Samele, P., 

Ciambrone, L., Di Natale, R., Spatari, G., Casalinuovo, F., Visca, P. (2019). Unidirectional 

animal-to-human transmission of methicillin-resistant Staphylococcus aureus ST398 in pig 

farming; evidence from a surveillance study in southern Italy. Antimicrobial Resistance &; 

Infection Control, 8(1). doi: 10.1186/s13756-019-0650-z 

https://www.agri.ee/sites/default/files/content/valjaanded/juhend-2020-antibiootikumiravi-loomad.pdf
https://www.agri.ee/sites/default/files/content/valjaanded/juhend-2020-antibiootikumiravi-loomad.pdf


 43 

 

Põllumajanduse Registrite ja Infosüsteemi Amet (Republic of Estonia, Agricultural Registers 

and Information Board), http://www.pria.ee (accessed 11.05. 2022). 

 

Põllumajanduse Registrite ja Infosüsteemi Ameti hobuslaste register (Republic of Estonia, 

Agricultural Registers and Information Board Equine Database). http://ariel.pria.ee/hobu/ 

(accessed 11.05. 2022). 

 

Quinn, P., Markey, B., Leonard, F., Hartigan, P., Fanning, S. and FitzPatrick, E., (2011) 

Veterinary Microbiology and Microbial Disease. 2nd ed. Wiley-Blackwell, pp.179-186. 

 

Rajkumar, S., Sistla, S., Manoharan, M., Sugumar, M., Nagasundaram, N., Chandra 

Parija, S., Ray, P., Bakthavatchalam, Y. D., Veeraraghavan, B., Kapil, A., Walia, K., Ohri, 

V C. (2017) Prevalence and Genetic Mechanisms of Antimicrobial Resistance in 

Staphylococcus Species: A Multicentre Report of the Indian Council of Medical Research 

Antimicrobial Resistance Surveillance Network, Indian Journal of Medical Microbiology, 35, 

1, pp.53-60. 

 

Rasigade, J. P., Vandenesch, F. (2014) Staphylococcus aureus: A pathogen with still 

unresolved issues, Genetics and Evolution, 21, pp.510-514, 

 

Reygaert, W., (2018) An overview of the antimicrobial resistance mechanisms of bacteria. 

AIMS Microbiology, 4, 3, pp.482-501. 

 

Schleifer, K., Bell, J. (2015). Staphylococcus. In Bergey's Manual of Systematics of Archaea 

and Bacteria (eds M.E. Trujillo, S. Dedysh, P. DeVos, B. Hedlund, P. Kämpfer, F.A. Rainey 

and W.B. Whitman).  John Wiley & Sons 

 

Schnepf, A., Bienert-Zeit, A., Ertugrul, H., Wagels, R., Werner, N., Hartmann, M., Feige, 

K., Kreienbrock, L. (2020) Antimicrobial Usage in Horses: The Use of Electronic Data, Data 

Curation, and First Results. Frontiers in Veterinary Science, 7, 216  

 

Sierra, J., Marco, F., Ruiz, J., Jiménez de Anta, M. and Vila, J., (2002) Correlation between 

the activity of different fluoroquinolones and the presence of mechanisms of quinolone 

http://www.pria.ee/
http://ariel.pria.ee/hobu/


 44 

resistance in epidemiologically related and unrelated strains of methicillin-susceptible and -

resistant Staphylococcus aureus. Clinical Microbiology and Infection, 8 (12), 781-790. 

 

Stapleton P., Taylor P. (2020) Methicillin resistance in Staphylococcus aureus: mechanisms 

and modulation. Science Progress, 85 (1), 57-72.  

 

Van den Eede, A., Martens, A., Lipinska, U., Struelens, M., Deplano, A., Denis, O., 

Haesebrouck, F., Gasthuys, F., Hermans, K. (2009). High occurrence of methicillin-resistant 

Staphylococcus aureus ST398 in equine nasal samples. Veterinary microbiology, 133 (1-2), 

pp.138–144. 

 

van Duijkeren, E., Moleman, M., Sloet van Oldruitenborgh-Oosterbaan, M., Multem, J., 

Troelstra, A., Fluit, A., van Wamel, W., Houwers, D., de Neeling, A. and Wagenaar, J., 

(2010) Methicillin-resistant Staphylococcus aureus in horses and horse personnel: An 

investigation of several outbreaks. Veterinary microbiology, 141 (1-2), 96–102. 

 

van Duijkeren E., Vulto A., van Miert A. (1994) Trimethoprim/sulfonamide combinations in 

the horse: a review. Journal of Veterinary Pharmacology and Therapeutics, 17 (1), pp.64-73. 

 

van Spijk, J., Schmitt, S., Schoster, A. (2019) Infections caused by multidrug‐resistant 

bacteria in an equine hospital (2012–2015). Equine Veterinary Education, 31, pp.653-658. 

 

Verwilghen, D. (2015) Surgical site infections: What do we know? Equine Veterinary Journal, 

47, pp.753-755.  

 

Walther, B., Klein, K. S., Barton, A. K., Semmler, T., Huber, C., Merle, R., Tedin, K., 

Mitrach, F., Lübke-Becker, A., Gehlen, H. (2018). Equine Methicillin-Resistant Sequence 

Type 398 Staphylococcus aureus (MRSA) Harbor Mobile Genetic Elements Promoting Host 

Adaptation. Frontiers in microbiology, 9, 2516. https://doi.org/10.3389/fmicb.2018.02516 

 

Weese, J. (2012) Antimicrobial use and antimicrobial resistance in horses. Equine Veterinary 

Journal, 47, pp.747-749. 

 



 45 

Weese, J. S., Archambault, M., Willey, B. M., Hearn, P., Kreiswirth, B. N., Said-Salim, 

B., McGeer, A., Likhoshvay, Y., Prescott, J. F., Low, D. E. (2005). Methicillin-resistant 

Staphylococcus aureus in horses and horse personnel, 2000-2002. Emerging infectious 

diseases, 11 (3), pp.430–435.  

 

Weese, J., Caldwell, F., Willey, B., Kreiswirth, B., McGeer, A., Rousseau, J., Low, D. 

(2006). An outbreak of methicillin-resistant Staphylococcus aureus skin infections resulting 

from horse to human transmission in a veterinary hospital. Veterinary Microbiology, 114 (1-2), 

pp.160-164. 

 

Weese, J., Lefebvre, S. (2007). Risk factors for methicillin-resistant Staphylococcus aureus 

colonization in horses admitted to a veterinary teaching hospital. La revue veterinaire 

canadienne, 48(9), pp. 921–926. 

 

Weese, J., Rousseau, J., (2010) Attempted eradication of methicillin-resistant Staphylococcus 

aureus colonisation in horses on two farms. Equine Veterinary Journal, 37 (6), pp. 510-514 

 

Weese, J., Rousseau, J., Willey, B., Archambault, M., McGeer, A., Low, D. (2006). 

Methicillin-resistant Staphylococcus aureus in horses at a veterinary teaching hospital: 

frequency, characterization, and association with clinical disease. Journal of veterinary internal 

medicine, 20 (1), 182–186. 

 

Weese, J., van Duijkeren, E., (2010) Methicillin-resistant Staphylococcus aureus and 

Staphylococcus pseudintermedius in veterinary medicine. Veterinary Microbiology, 140 (3-4), 

pp.418-429. 

 

White, S., Yu, A. (2006) Equine Dermatology, AAEP Proceedings, 52, 

https://aaep.org/sites/default/files/issues/proceedings-06proceedings-z9100106000457.PDF, 

(accessed 25.10. 2021) 

  



 46 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDICES 

 

  



 47 

Appendix 1. Questionnaire (in English) 

 

 
 

  



 48 

Appendix 2. Informed consent form (in English) 

 

 
 
  



 49 

Appendix 3. Non-exclusive licence for depositing the final thesis and opening it for the 

public and the supervisor’s (supervisors’) confirmation for allowing the thesis for the 

defence  

Hereby I,  Claudia Casagrande,  

15.04. 1996  
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