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ABSTRACT 

Bovine mastitis is of the most significant problems associated with high milk production loss 

in Ethiopia. Staphylococcus aureus is still a major cause of bovine mastitis. MRSA is any 

strain of Staphylococcus aureus that has developed resistance to beta-lactam antibiotics. It 

has been known by a significant public health problem infected animals with MRSA might 

serve as a potential source of human infection. This study was carried out with the aim that to 

determine the prevalence of Staphylococcus aurous mastitis from the total of clinical and sub-

clinical mastitis and identify associated risk factors, isolates and identify Staphylococcus 

aurous and MRSA strains from mastitic milk samples and   conduct in vitro antimicrobial 

susceptibility test on the isolates. Quarter milk samples from cows were examined to 

determine the prevalence of Staphylococcus aureus, MRSA and different antibiotic resistant 

pattern were determined in a cross-sectional study design. A total of 403 samples were 

collected and screened for the presence of S. aureus. The overall prevalence of mastitis at cow 

and quarter levels were 128 (83.1%) and 403 (65.42%) respectively. A total of 164 (40.69%) 

S. aureus isolates were obtained and out of these isolates 60 (36.6%) were found MRSA 

isolates during this study. The risk factors of mastitis like age group and pregnancy status had 

no effect on (p>0.05) Staphylococcus aureus isolation whereas, stage of lactation and 

previous mastitis history had significant effect on (p<0.05) isolates of S. aurous. A total of 61 

isolate of S. aureus species were tested for antimicrobial sensitivity for 12 different types of 

antibiotics. The S. aureus isolates showed highest sensitivity towards Amoxicillin-clavulinic 

acid (80%), Chloroamphenicol (78.7%), Nitrofuration (73.8), Cefoxitin (67.2%), 

Sulphamethoxazole-trimethoprim (59%) and also uncommonly 70.1% of S. aureus isolates 

were found resistant to Vancomicin. The most frequent multidrug resistance pattern consisting 

of three drugs is exhibited for, gentamicin, ceftazidime and streptomycin with a resistance of 7 

(9.46%) of the isolates. Sixty four (86.46% of the isolates) were resistant to different 

combinations of two or above tested antibiotics.

Keywords:  Mastitis, Staphylococcus aureus, Methicillin resistant S. aureus, antimicrobial 

susceptibility test, Multidrug resistance, dairy cow milk, Ethiopia
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1. INTRODUCTION

Staphylococcus aureus is a ubiquitous pathogen and a common cause of invasive and life 

threatening infections of animals and human beings. In human, it is the most common cause of 

community-associated cellulitis (Brook and Frazier, 1995; Diekema et al., 2001) endocarditis 

(Hoen et al., 2002), and is a common cause of bacteremia (Weinstein et al., 1997; Diekema et 

al., 2001; Javaloyas et al., 2002). In animals, it is commonly associated with mastitis leading 

to contamination of milk and dairy products (Oliver et al., 2005). S. aureus is present in a 

variety of locations in the dairy farms, in many occasions it was isolated from swabs taken 

from the cows head, skin swabs, legs and nasal mucosa (Zadoks et al., 2000). Furthermore S. 

aureus was found on the milkers’ hands as well as on the nasal mucous membrane of the 

humans working at the dairy farms, in bedding and the drinkers (Benić et al., 2012). However 

an infected udder quarter remains the main reservoir of the bacteria, which transmitted mostly 

during the milking time. Recent researches show that many biotypes and genotypes exist on 

the dairy farms (Zadoks et al., 2002; Smith et al., 2005). Variability of the genotypes could be 

explanation for different success in controlling S. aureus mastitis in dairy farms.

Because of the widespread use of antibiotics, resistance profile of microorganisms is 

increasing among bacterial populations. Antimicrobial resistance is a main public health worry 

worldwide. Public hazards associated with the consumption of antibiotic contaminated milk 

could be allergic responses, changes in intestinal flora and development of antibiotic resistant 

pathogenic bacteria (Thirapatsakun, 1999). The expansion of resistance both in human and 

animal bacterial pathogens has been allied with the widespread remedial use of antimicrobials 

or with their administration as growth promoters in animals. Further transfer of antimicrobial 

resistant bacteria such as S . aureus to humans via the food chain has been reported (Angulo et 

al., 2004). Although there are a many reasons which compromise antibiotic treatment of S. 

aureus mastitis, resistance of bacteria toward antibiotics is one of the most important. Special 

attention is paid to the resistance against methicillin because it is coded by the gen mecA

which is coding resistance against almost all beta-lactam antibiotics. It should be emphasised 

that beta-lactam antibiotics are widely used in mastitis treatment (Benić et al., 2012).
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It is stated that, Methicillin-resistant Staphylococcus aureus (MRSA) was first emerged in 

hospitals during the 1970s in humans and has recently become a worldwide public health 

problem (USDA and NAHMS, 2011). But in livestock MRSA was first reported in cows in 

1972, when Devriese and co-workers found 5.2% of Belgian dairy farms MRSA positive 

(Devriese et al., 1972; Juhasz-Kaszanyitzky et al., 2007). Thirty years later, MRSA became a 

sporadically reported finding from bovine mastitis (Gindonis et al., 2013). Currently, 

increasing evidences point to domestic animals including food animals as reservoirs and 

shedders of MRSA, and transmission between host species also may be possible (USDA and 

NAHMS, 2011). Over the past decade, a growing number of MRSA isolates have been 

reported in companion and food animals and in their human associates, including pet owners, 

farmers, and veterinary personnel (Lee, 2003).

MRSA strains have been observed to be multi-drug resistant, such as aminoglycosides, 

macrolides, lincosamides, streptogramins, tetracyclines, etc., which are often used in the 

treatment of mastitis (Wang et al., 2008; Kumar et al., 2010). The evolutionary processes 

enhance the pathogenic and antimicrobial-resistant properties of S. aureus strains. However, a 

limited diversity of S. aureus strains or clones cause most of the mastitic infections in each 

geographical region, as these isolates are better adapted to infect animals (Moon et al., 2007). 

Various molecular techniques have been explored and used to analyze the pathogenesis and 

distribution of pathogenic genes in strains of S. aureus (Fitzgerald et al., 2001; Løvseth et al., 

2004). Identification of MRSA strains by the use of different microbiological and molecular 

tools may help for early prevention of pathogenic MRSA strains.

Although S. aureus is a common mastitis pathogen and among the leading causes of food

borne bacterial infections, MRSA appears to be relatively rare in foods originating from 

animals, and there is little evidence to suggest that MRSA is common in milk (Normanno et 

al., 2007). From a number of epidemiological studies of Staphylococcal mastitis conducted 

only few of them were done on MRSA strains from milk samples in Ethiopia. Even those few 

studies were limited to specific areas like Addis Ababa, Bahir Dar, Asela and Sebeta (Mekuria
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et al., 2013). Even though it is high milk production area, few studies has been reported from 

Selale area of the Oromia regional state.

Therefore, this study was carried out with the aim that:

 To determine the prevalence of Staphylococcus aurous mastitis from the total of 

clinical and sub-clinical mastitis and identify associated risk factors

 To isolate and identify Staphylococcus aurous and MRSA strains from mastitic milk 

samples obtained from Selale area, North Showa, Ethiopia

 To conduct in vitro antimicrobial susceptibility test on the isolates of Staphylococcus 

aurous.
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2. LITRATURE REVIEW

2.1. Bovine mastitis

Today in Ethiopia, there is a national drive to alleviate the existing food deficit by devising 

different agricultural strategies including improvements of the productivity of livestock sector. 

With this aim, dairy production improvement is the main concern but in this sector bovine 

mastitis still remains one of the most significant problems associated with high milk

production loss in Ethiopia (Fekadu, 1995; Mekonnen et al., 2005).  Even though the 

production loss due to mastitis different from study to study based on dairy management 

factors, in general it is evidenced that affected dairy cows may loss 15% of their production 

and the affected quarter shows a 30% reduction in productivity (Heeschen, 1997) which 

causes financial loss as a result of reduced milk yield, discarded milk following antibiotic 

therapy, veterinary expense and culling of mastitis cows (Radostitis et al., 2007).

As with most infectious disease, generally mastitis risk factors depend on three components; 

exposure to microbes, cow defence mechanism, environmental and management factors 

(Quinn et al., 2002). Besides improving herd health and dairy management, the controls of 

mastitis in dairy herds are accomplished in part with the aid of antibiotics (NMC, 2004). 

Public hazards associated with the consumption of antibiotic contaminated milk results in 

allergic responses, changes in intestinal flora and development of antibiotic resistant 

pathogenic bacteria (Thirapatsakun, 1999).

2.2. Mastitis due to Staphylococcus aurous

Although mastitis can be caused by 137 microorganisms, other microorganisms which may be 

responsible for mastitis include Streptococcusagalactiae, Strep.uberis,

Enterobacteraerogenes, Actinomycespyogenes, E. coli, Klebsiella spp., certain fungi 

and yeasts (Gruet et al., 2001), but in dairy animals, Staphylococcus aureus is still a major 
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cause of bovine mastitis and the disease is responsible for substantial economic losses in the 

dairy industry world-wide (Athar, 2007; Saei et al., 2009).

2.2.1. General characteristics of Staphylococcus aurous

The family Staphylococcaceae includes the genera Staphylococcus and Micrococcus. 

Staphylococcus aureus is the best characterized species among the staphylococci, a genus of 

Gram-positive, A-T rich cocci comprising over 50 species and sub-species according to the

National Center for Biotechnology Information NCBI Taxonomy browser (NCBI, 2014). S. 

aureus grows in grape-like clusters. This bacterium is a non-motile, non-spore forming, 

facultative anaerobe (Quinn et al., 2002).

Staphylococci do not produce endo-spores but are highly resistant to drying, especially, when 

associated with organic matter such as blood, pus, and other tissue fluids. They are quite 

resistant to desiccation and high osmotic conditions. These properties facilitate their survival 

in the environment and growth in food products. Staphylococci organisms are usually readily 

killed at cooking, pasteurization temperatures and survives frozen storage. On the other hand, 

Staphylococcal enterotoxins (SEs) are extremely heat stable (Silva et al., 2000; Quinn et al., 

2002).

Staphylococcus aureus strains can be distinguished by their production of catalase, 

haemolysins, coagulase and heat-stable nuclease; S. aureus is also highly osmo-tolerant, with 

an ability to grow on media supplemented with 7.5%NaCl (Kloos and Bannerman, 1995;

Quinn et al., 2002). Colonies of Staphylococcus aureus are typically round, shiny, golden-

yellow surrounded by a zone of double-haemolysis on blood agar (Quinn et al., 2002).

The Staphylococcus genus is classified into two major groups based on their ability to produce 

coagulase, protein that affect fibrinogen of the blood-clotting cascade: Coagulase positive 

staphylococci (CPS) and coagulase-negative staphylococci (CNS), which do not produce 

coagulase. S. aureus, S. intermedius and S. hicus are the species that belong to CPS and 
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constitute the most significant human and animal pathogens (Turutoglu et al., 2005; Morrison, 

2008). The CNS is not highly virulent but is an important cause of infections in certain high-

risk groups (Lourdes et al., 2004).

2.2.2. Transmission of Staphylococcus aurous mastitis

The bacteria persist in mammary glands, teat canals and teat lesions of infected cows and are 

contagious (Petersson-Wolfe et al., 2010). Environmentally, S. aureus is present in a variety of 

locations on the dairy farms, and several studies suggested that the possible explanation for 

this might be that S. aureus is a contagious pathogen transmitted from one cow to another or 

individual by contact with animals during unhygienic milking procedures (Rowe, 1999). Most 

of the time infection is spread at milking time when S. aureus-contaminated milk from an 

infected gland comes in contact with an uninfected gland and the bacteria penetrate the teat 

canal (Petersson-Wolfe et al., 2010), through contaminated milking machines, clothes and 

hands of milker’s or machine operators (Radostitis et al., 2007). Heifers infected during 

gestation that carry infections through calving represent an important reservoir from which S. 

aureus can spread to uninfected herd mates. There is considerable debate surrounding the 

route of S. aureus infection in heifers prior to first calving, but Mullarky et al.(2010) in there 

review stated that calves fed colostrums from an S. aureus-infected dam is a likely source of 

transmission.

2.2.3. Pathogenesis of Staphylococcus aurous mastitis

A large number of commonly accepted virulence factors are associated with S. aureus but it is 

yet to be elucidated which of these are important for infection of the bovine udder. Virulence 

factors may be divided in three functional categories: Factors that mediate adhesion of bacteria 

to host cells; those that produce tissue damage; and those that protect the bacteria against the 

host’s immune system and antibiotics (Franco et al., 2008).
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Staphylococcus aurous bacteria produce various enzymes and toxins that destroy cell 

membranes and can directly damage milk-producing tissue. Initially, the bacteria damage the 

tissues lining the teats and gland cisterns within the quarter, which eventually leads to 

formation of scar tissue. The bacteria then move up into the duct system and establish deep-

seated pockets of infection in the milk secreting cells (alveoli). This is followed by the 

formation of abscesses that wall-off the bacteria to prevent spread but allow the bacteria to 

avoid detection by the immune system. The abscesses prevent antibiotics from reaching the 

bacteria and are the primary reason why the response to treatment is poor (Mullarky et al., 

2010; Petersson-Wolfe et al., 2010).

The capability of  this bacteria to resist phagocytosis, for example,‘protein A’ in the bacterial 

cell wall of some S. aureus strains binds to the Fc portion of antibody molecules making the 

bacteria unrecognisable to neutrophils ,even if phagocytosed, S. aureus may survive and even 

multiply inside phagocytes (Green and Bradley, 2004). The capsule has been also shown to 

promote S. aureus virulence in several animal infection models (Sordelli et al., 2000). 

Capsulated S. aureus strains are more resistant to phagocytises than non capsulated strains, 

and allow the bacteria to remain in the infected hosts.

2.2.3. Clinical futures of Staphylococcus aurous on mastitis

The clinical futures of Staphylococcal mastitis can be expressed by wide spectrum of clinical 

signs, from mild cases without clinical signs to extreme cases with lethal exit. Clinical signs 

vary with the severity of the disease and generally include pain, heat and swelling of the 

affected quarter or half of the gland and abnormality of milk either as clots or flakes and 

wateriness of the liquid phase (Miffin, 2004). Per acute form of infection is often seen as a 

gangrenous mastitis with lethal exit. Acute and sub-acute cases resemble mastitis caused by 

other pathogens. These cases often lead to chronic forms of infections (Green and Bradley, 

2004; Benić et al., 2012). Chronic and sub-acute cases are the most common forms and from 

the herd health point of view they are the most important, and are often associated with 

fibrosis, abscessation and blocked ducts within the gland (Green and Bradley, 2004).
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2.2.4. Isolation and identification of Staphylococcus aurous

Diagnosis of S. aureus infections helps in developing preventive strategies and in determining 

where deficiencies in mastitis control procedures may occur. Diagnosis of Staphylococcus 

aureus mastitis is based on bacterial isolation and it is best achieved through the use of 

laboratories accredited for mastitis culture. The best method to detect S. aureus mastitis is to 

(1) identify all high somatic cell count(SCC) cows (more than 200,000 cells/ml), (2) perform 

the California Mastitis Test (CMT)(Quinn et al., 2002),on those cows to determine which 

quarter or quarters are affected, and (3) culture the milk from those quarters (Arnold  and 

Bewley, 2011). It is extremely important to identify infections early in order to prevent spread 

and to increase the chance of cure.

Final identification of staphylococci organisms and species assignment can be done based on 

Gram staining, catalase test, sugar fermentation and coagulase test (Quinn et al., 2002)

Gram's staining

Gram staining is a differential staining technique that imparts different colors to different 

bacteria or bacterial structures. Usually it differentiates bacteria into two groups; gram positive 

and gram negative. Hence after the gram staining, the gram positive cells appear as purple and 

gram negative cells appear as pink (Quinn et al., 2002). The study of morphological 

features and staining characteristics help in the preliminary identification of the isolate. The 

Gram stained smears from typical colonies that showed Gram-positive cocci occurring in 

bunched, grapelike irregular clusters which will be taken as presumptive Staphylococcus 

species.
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Catalase Test

The inability of strict anaerobes to synthesize catalase, peroxidase, or superoxide dismutase 

may explain why oxygen is poisonous to these microorganisms. In the absence of these 

enzymes, the toxic concentration of H2O2 cannot be degraded when these organisms are 

cultivated in the presence of oxygen. Organisms capable of producing catalase rapidly degrade 

hydrogen peroxide which is a tetramer containing four polypeptide chains, which are 

usually 500 amino acids long. It also contains four porphyrinheme groups (ie, iron groups) that 

will allow the enzyme to react with the hydrogen peroxide.

The enzyme catalase is present in most cytochrome containing aerobic and facultative 

anaerobic bacteria. Catalase has one of the highest turnover numbers of all enzymes such that 

one molecule of catalase can convert millions of molecules of hydrogen peroxide to water and 

oxygen in a second.

Catalase production and activity can be detected by adding the substrate H2O2 to an 

appropriately incubated (18- to 24-hour) tryptic soy agar slant culture. Organisms which 

produce the enzyme break down the hydrogen peroxide, and the resulting O2 production 

produces bubbles in the reagent drop, indicating a positive test. Organisms lacking the 

cytochrome system also lack the catalase enzyme and are unable to break down hydrogen 

peroxide, into O2 and water and are catalase negative.
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Oxidase Test

Oxidase test is an important differential procedure that should be performed on all gram-

negative bacteria for their rapid identification. The test depends on the ability of certain 

bacteria to produce indophenol blue from the oxidation of dimethyl-p-phenylenediamine and 

α-naphthol. This method uses N,N-dimethyl-p-phenylenediamine oxalate in which all 

Staphylococci were oxidase negative. In presence of the enzyme cytochrome oxidase (gram-

negative bacteria) the N,N-dimethyl-p-phenylenediamine oxalate and α-naphthol react to 

indophenol blue. Oxidase test usually used as differentiation for Saphylococci (oxidase 

negative) from Micrococci (oxidase posative) (Baker, 1984).

Coagulase Test

Coagulases are enzymes that clot blood plasma by a mechanism that is similar to normal 

clotting. The coagulase test identifies whether an organism produces this exo-enzyme. This 

enzyme clots the plasma component of blood. The only significant disease-causing bacteria of 

humans that produce coagulase are Staphylococcus aureus. Thus this enzyme is a good 

indicator of the pathogenic potential of S. aureus. In the test, the sample is added to rabbit 

plasma and held at 37° C for a specified period of time. Formation of clot within 4 hours is 

indicated as a positive result and indicative of a virulent Staphylococcus aureus strain. The 

absence of coagulation after 24 hours of incubation is a negative result, indicative of an 

avirulent strain (Hebert et al., 1988).

Mannitol salt agar (MSA)

Mannitol salt agar (MSA) is both a selective and differential medium used in the isolation of 

staphylococci. It contains 7.5% sodium chloride and thus selects for those bacteria which can 
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tolerate high salt concentrations. MSA also distinguishes bacteria based on the ability to 

ferment the sugar mannitol, the only carbohydrate in the medium.

Staphylococci can withstand the osmotic pressure created by 7.5% NaCl, while this 

concentration will inhibit the growth of most other gram-positive and gram-negative bacteria 

(Koch, 1942). Additionally, MSA contains mannitol and uses phenol red as a pH indicator (pK 

= 7.8) in the medium. At pH levels below 6.9, the medium is a yellow color. In the neutral pH 

ranges (6.9 to 8.4) the color is red; while above pH 8.4, the color of phenol red is pink 

(Gerhardt et al., 1981). When mannitol is fermented by a bacterium, acid is produced, which 

lowers the pH and results in the formation of a yellow area surrounding an isolated colony on 

MSA. A non-fermenting bacterium that withstands the high salt concentration would display a 

red to pink area due to peptone breakdown (Mahon and Manusekis, 1995).

Purple agar Base (1% maltose fermentation)

Purple Agar Base is used for studying carbohydrate fermentation reactions, particularly in the 

identification of gram-negative enteric bacteria and pathogenic Staphylococci groups on 

addition of the desired carbohydrate (Ewing, 1986; Forbes et al., 1998). These media are 

recommended by FDA (FDA Bacteriological Analytical Manual, 2005) for fermentation 

studies of sugars (1% maltose fermentation). Beef extract and peptone special supply the 

essential nutrients especially nitrogen sources to the growing organisms. Sodium chloride 

maintains the osmotic balance of the medium. Bromocresol purple is the pH indicator, which 

turns yellow at acidic pH. Gas production is evident by splitting of agar. The acid produced 

during the fermentation of carbohydrate causes bromocresol purple, the pH indicator to turn 

yellow. If the carbohydrate is not utilized or fermented, the color of the medium remains 

unchanged or becomes more alkaline (darker purple) due to decarboxylation of the amino 

acids present in the medium. It is recommended (McFadden, 1985) to add carbohydrate in 1% 

concentration to avoid possible reversion reactions except glucose (dextrose). Purple agar base 

(PAB) with the addition of 1 percent maltose was used to differentiate the pathogenic 

staphylococci, particularly the coagulase-positive isolates. The identification was based on the 
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fact that S. aureus rapidly ferment maltose and the acid metabolic products cause the pH 

indicator (bromocresol purple) to change the medium and colonies to yellow. S. intermedius

gives a weak or delayed reaction and S. hicus did not ferment maltose but attacks the peptone 

in the medium producing an alkaline reaction (a deeper purple) around the colonies. The rapid 

fermentation (24hrs) was considered as Staphylococcus aurous isolates (Quinn et al., 2002).

2. 2.5.treatment of Staphylococcus aurous mastitis

Many approaches have been taken to the treatment of S. aureus mastitis including intra-

mammary antimicrobial therapy, systemic antimicrobial therapy, and vaccination in 

conjunction with antimicrobial therapy (Middleton, 2013).

Staphylococcus aureus has the ability to resist conventional antibiotic therapy. Indeed, the 

poor response to therapy has resulted in a multitude of treatment protocols and is always the 

source of some discussion (Green and Bradley, 2004). One over-riding difficulty is that most 

licensed treatment regimens for clinical mastitis are probably too short to produce good results 

for S. aureus mastitis. The major treatment strategies are antibiotic treatment during lactation

(parenteral antibiotic therapy in combination with intra-mammary treatments for S. aureus 

mastitis (Radostitis et al., 2007), particularly to improve penetration of inflamed or 

intracellular sites), antibiotic treatment during the dry period (bacteriological cure rates from 

antibiotic therapy during the dry period are usually in the region 40–80% (Green and Bradley, 

2004),and therefore the dry period is the time of choice for treating S. aureus mastitis) and 

Culling a chronically infected cow with S. aureus mastitis, which achieves both a reduction in 

herd prevalence and also a reduction in the risk of subsequent spread of infection (Radostitis et 

al., 2007). Roy and Keefe (2012) in a systematic review of the literature on the treatment of S. 

aureus mastitis during lactation also concluded that extended intra-mammary therapy for 5-8 

days was the best therapeutic option.
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2.2.6. Staphylococcus aurous prevention and control

The foundation of infection control for staphylococcal infections is the same as for control of 

virtually all other relevant veterinary pathogens, a good general infection control programme 

(Weese, 2012). It is certainly possible to maintain a low herd prevalence with <2% cows 

infected (in one or more quarters) with S. aureus. Since in the majority of herds, the most 

important reservoirs of the organism are infected cows, most control procedures are based on 

reducing the probability of spread between cows. These can be achieved through carrying out 

treatment; culling, drying off infected quarters and ensuring new heifers/cows are uninfected 

(Green and Bradley, 2004). However, there are other potential sources of S. aureus associated 

with the environment and these may be of special significance in particular herds in which the 

condition is difficult to control with the traditional methods. Sources of S. aureus outside the 

mammary gland are also the reason why it is virtually impossible to eradicate S. aureus 

mastitis from a commercial dairy unit.

2.2 Over view of Methicillin-resistant staphylococcus aurous (MRSA)

Methicillin-resistant Staphylococcus aurous (MRSA) is a bacterium responsible for several 

difficult-to-treat infections in humans (Bagcigil et al., 2007). It is also called multidrug-

resistant Staphylococcus aurous and Oxacillin-resistant Staphylococcus aureus (ORSA). 

MRSA is any strain of Staphylococcus aureus that has developed, through the process of 

natural selection, resistance to beta-lactam antibiotics, which include the penicillins

(methicillin, dicloxacillin, nafcillin, oxacillin, etc.) and the cephalosporins (Deurenberg and 

Stobberingh, 2008).

Methicillin-resistant Staphylococcus aureus (MRSA) has emerged globally as a significant 

public health/antimicrobial resistance problem both in human and veterinary medicine. It has 

been well known as a nosocomial agent, later also as a community-associated pathogen. In 

recent years, the so-called non-typable (NT)-MRSA (also called Livestock-associated MRSA, 

LA-MRSA) has become an additional focus of concern.
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S. aureus can cause severe blood infections and necrotizing fasciitis in humans, wound 

infection and mastitis in cattle, horses, pigs and goats, exudative epidermitis in pigs, pyoderma 

in horses, dogs and cats, pyemic sheep (Quinn et al., 2002 ; Resch et al., 2008).

In human MRSA causes a wide range of infections such as skin infections, fatal septicaemia, 

pneumonia and food poisoning as well as life threatening postsurgical infections. MRSA is 

especially troublesome in hospitals, prisons and nursing homes, where patients with open 

wounds, invasive devices, and weakened immune systemsare at greater risk of infection than 

the general public (Vanderhaeghen et al., 2010).

2.2.1 History of MRSA

The history of MRSA is mainly situated in human medicine and started in 1961, when MRSA 

was first isolated in a UK hospital and soon after methicillin was introduced into human 

medicine to treat penicillin-resistant staphylococci (Fitzgerald et al., 2001). From then 

onwards, MRSA began to spread in hospitals all around the world.

Hospital-Acquired MRSA (HA-MRSA)

In the beginning of the present century, it was shown that the majority of the MRSA known 

international epidemic hospital strains, named Hospital-Acquired MRSA (HA-MRSA), 

belonged to only five CCs: CC5, CC8, CC22, CC30 and CC45 (42), and that they generally 

possessed one of the larger SCCmec-types I-III, partly explaining their resistance to most 

clinically used antimicrobial agents (Tenover et al., 2001)

Community-Associated or Community-Acquired MRSA (CA-MRSA)

While the problems with HA-MRSA were not at their full width yet, a second phase in the 

history of MRSA dawned halfway the 1990s, when MRSA infections involving strains
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different from HA-MRSA were increasingly documented in non-hospitalized patients (Udo et 

al., 1993; Herold et al., 1998; Bukharie et al., 2001; Chambers, 2001). Such cases, called 

Community-Associated or Community-Acquired MRSA (CA-MRSA), have since been 

reported worldwide. It is hypothesized that the evolution of CA-MRSA is  due to the 

acquisition of mec DNA by previously methicillin-susceptible strains that circulated in the 

community but in recent studies have shown that patients who have acquired CA-MRSA 

infections do not have typical MRSA risk factors, such as recent hospitalization, kidney 

dialysis, residence in a long-term health care facility, or intravenous drug use(Fey et al., 2003). 

Fey et al. (2003) also confirmed that the prevalence of CA-MRSA in the United States was 

unknown until recent time. Analysis of the genetic background of CA-MRSA strains also has 

shown a clear distinction from typical HA-MRSA, as they predominantly belong to ST1, ST8, 

ST30, ST59, ST80 and ST93 (Vandenesch et al., 2003).  In addition, CA-MRSA mostly 

possess the smaller SCCmec-types IV and V (Okuma et al., 2002; Tristan et al., 2006), which 

is assumed to be at least partly explanative for the generally more antimicrobial susceptible 

phenotype of CA-MRSA.

Livestock-associated MRSA (LA-MRSA) 

Looking into the epidemiological aspects of animal MRSA, food production animals (cattle, 

pigs and poultry, further referred to as livestock) are of particular concern.

Although LA-MRSA is the most important MRSA clone residing in livestock, it is not the 

only MRSA type that has been reported in livestock. MRSA was first reported in cows in 

1972, when Devriese and co-workers found 5.2% of Belgian dairy farms MRSA positive 

(Devriese et al., 1972; Juhasz-Kaszanyitzky et al., 2007). Thirty years later, MRSA became a 

sporadically reported finding from bovine mastitis (Gindonis et al., 2013).Since then, the 

evolution of antibiotic resistance in S. aureus strains is a serious cause of concern in dairy 

animals (Wang et al., 2008).
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2.2.2 MRSA as zoonosis

MRSA remains a significant public health problem, even though, in several countries, with the 

paradigm of the Scandinavian and The Netherlands, successful infection control measures 

have been applied. The spread of MRSA among companion and food-chain animals has not 

been completely. The details of animal MRSA carriage are not completely known, and 

different rates have been published, reflecting transient carriage, a diversity of applied 

protocols, and the variation in MRSA epidemiology between countries.

Several reports suggest that animals may serve as reservoirs for MRSA infection of humans 

(Loeffler and Lloyd, 2010). The ways by which animal MRSA can be transmitted to humans 

are direct contact with the animals, environmental contamination, and eating or handling 

contaminated meat. As when MRSA spreads between humans, direct contact is an important 

way by which animal MRSA can be transmitted. As a result, those who have direct contact 

with farm animals carrying LA-MRSA have the highest risk of acquiring farm animal MRSA 

(Mekuria et al., 2013). A previous study showed that 50% of humans living on Dutch pig 

farms were carriers and some developed serious infections (Kluytmans et al., 1995). MRSA 

can also be transmitted between cattle and farmers, and between chickens and farmers. 

Veterinarians are also at risk if the animals that they are handling are infected with MRSA 

(Garcia et al., 2012). With regard to humans in contact with farm animals, Voss et al. (2005) 

reported in 2005 that Dutch pig farmers were at a 760-fold risk of being colonized with LA-

MRSA as compared with the general Dutch population. In an international study, Wulf et al. 

(2008) found MRSA in 12.5% of veterinarians originating from all over the world. In 

Switzerland, the MRSA prevalence in veterinarians was 3% in 2009 (Huber et al., 2009). 

These studies strongly suggest that people working with livestock are at potential risk of 

becoming MRSA carriers, and hence have an increased risk of suffering infections caused by 

MRSA. Recently, the results of Price et al. (2012) strongly suggested that LA-MRSA CC398 

originated in humans as MRSA. The lineage appears to have undergone rapid radiation in 

conjunction with the jump from humans to livestock, where it subsequently acquired 

tetracycline and methicillin resistance. The first outbreak of LA-MRSA ST398 was reported in 
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a Dutch hospital; none of the patients had had contact with pigs or veal calves (Wulf et al., 

2008).

2.2.3 Epidemiology of MRSA in dairy animals

The predominant Staphylococcal species colonizing or infecting animals vary according to 

animal species. While S. aureus and CNS are commonly isolated from milk, Methicillin-

resistant staphylococci have been infrequently isolated from cases of clinical and subclinical 

bovine mastitis (Huijsdens et al., 2006; Monecke et al., 2007; Wang et al., 2008). 

Furthermore, the origin of MRSA intra-mammary infections in dairy cattle has been difficult 

to define. Devriese and Hommez (Devriese and Hommez, 1975) reported that MRSA 

infections in dairy cattle were most likely of human origin. In the review of  Cohn and 

Middleton  (2010), it is  stated that the study by a Hungarian had reported that MRSA isolates 

from dairy cattle with subclinical mastitis and a farm worker were phenotypically and 

genotypically indistinguishable suggesting cross-species transmission, but still not definitively

identifying the origin of infection (Juhasz-Kaszanyitzky et al.,2007). Recently, methicillin-

resistant S. epidermidis was isolated from a cow with mastitis but it was unclear whether the 

isolate was of bovine or human origin (Walther and Perreten, 2007). Although MRSA can be 

isolated from cattle, infection is relatively rare. The emergence of MRSA ST398 in swine and 

the association of human colonization with ST398 among persons associated with veal calf 

operations suggest that, at least in some types of cattle rearing facilities, cattle may serve as a 

reservoir for MRSA colonization or infection.

2.2.4 Transmission of MRSA in dairy animals

Many domestic animal species can become colonized or infected with MRSA and might serve 

as a potential source of human infection.  Staphylococcus aureus has been isolated not only 

from the nares and skins of dairy personnels and veterinarians in charge and mastitic milk, but 

also from the nares of dairy cattle, teat skin, udder skin, belly and genitals, as well as from 

many environmental sites including feed, bedding and milking equipment (Roberson et al., 

1998; Roberson, 1999).
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It was first thought that the transmission of MRSA was solely from human to animal, with 

MRSA colonization and infection typically occurring with contact between the hands of the 

human and anterior nares (nostrils) of the animal.  There is now increasing evidence that 

MRSA can be transmitted in both directions, from animal to human (zoonotic) and human to 

animal (reverse zoonotic) (Lee, 2003). Once exposed to MRSA, animals can become 

colonized, and may serve as reservoirs to transmit the infection to other animals and also to 

their human handlers (Simoons-Smit et al., 2000). It has been shown that even apparently 

healthy animals may be MRSA reservoirs, and therefore may pose a risk to their handlers 

(Manian, 2003). This has been documented in the general community, and is becoming 

increasingly documented in health-care settings and in animal environments (eg, veterinary 

clinics and hospitals, farms, and slaughterhouses). Data have indicated that owners and 

veterinary personnel who come into contact with MRSA-colonized or MRSA-infected animals 

may become colonized by MRSA (O'Mahony et al., 2005). There is then a risk that 

subsequent contact with susceptible animals or human beings will transfer MRSA infection.

Transmission of MRSA is by direct contact or nosocomial infection. It can spread among 

humans and animals and between species either by direct physical contact or indirectly 

through clothing, towels, equipment, food, air, or surfaces contaminated by infected or 

colonized persons or animals (Weese et al., 2006).Generally, the routes of infection are: 

person-person, air-born transmission, animal contact, contaminated equipment and surfaces 

and contaminated food. An important and previously unrecognized means of community-

associated MRSA colonization and transmission is during sexual contact (Calfee, 2011).

2.2.5 Microbiological identification of MRSA isolates from milk

In the diagnosis of MRSA, when infection is suspected, appropriate samples should be 

collected for culture and susceptibility testing. These samples which are diagnosed could be 

Milk and milk products and refrigerated samples survive well during routine transport. In vitro 

susceptibility tests on cultured samples now use either oxacillin or cefoxitin in place of 

methicillin (CLSI, 2012).
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In human medicine, several detection methods based on phenotypic expression of the mecA 

gene have been evaluated for diagnosing MRSA including antimicrobial susceptibility testing, 

PBP2a latex agglutination test kit, and cefoxitin disk diffusion test (Diab et al., 2008).

In the study of Diab et al. (2008) stated that, Both PBP2a latex agglutination and Cefoxitin 

disk diffusion assays exhibited sensitivity of 100% for detection of both MRSA and MRCoNS

(methicillin resistant coagulase negative Staphylococci) and specificities of 100% and 75% 

(PBP2a assay) and 90% and 100% (cefoxitin DD) for identification of methicillin-sensitive 

isolates, respectively.

2.2.6. MRSA prevention and control in dairy animals

Most aspects of methicillin resistant staphylococcal control are also basic infection control 

practices that are applicable to a wide range of pathogens, and development of a good general 

infection control programme (rather than focusing solely on MR staphylococci) is probably 

the most important factor for reducing MR staphylococcal transmission (Weese, 2012).

Numerous reports on MRSA control in humans have been published and many of the 

principles may also be applied to control in animals. However, caution is necessary for 

extrapolating these human guidelines to animals, as disease epidemiology can differ 

significantly (Leonard and Markey, 2008).

It has been observed that exposure to antimicrobials is a risk factor for the acquisition and 

dissemination of MRSA in humans and also most probably in animals. In this respect, 

strategies for prevention and management of MRSA in animals should be, as much as 

possible, related to the use of antimicrobials. If the antimicrobial treatment is necessary in 

individual cases for the sake of animal welfare, the risk of the emergence of wider resistance 

in MRSA strains colonizing animals needs to be managed, especially considering zoonotic 

aspects. Options to manage this risk include the non-use of antimicrobials except as a last 

resort strategy, decolonization in humans, and isolation of animals during treatment, and 

monitoring the effects of treatment in strain resistance through selective culture and 

susceptibility tests (Catry et al., 2010).



20

Reduction of antimicrobial selective pressure in livestock by avoiding routine mass 

medication, prevention of transmission of MRSA between and within the farms with sanitary 

measures of control between herds and during transportation, identification and isolation of 

animals to minimize the risk for zoonotic infection, use of contact precautions such as 

protective outerwear, overalls, aprons or coats and boots or overshoes that are not worn 

elsewhere, protective outerwear and all the items handled during the treatment of MRSA-

positive animals should be considered. Potentially contaminated hands can be hygienically 

cleaned with alcohol gel pouches, which are essential, but need to be used correctly, proper 

cleaning and disinfection of contaminated environments, including transport vehicles (Muto et 

al., 2003). Special attention should be paid to dust in stables; Animal owners should be 

informed about the risks and necessary precautions.

The affected animals need to be immediately separated from healthy animals. In extreme cases 

culling of infected animals is a further option. Milk of animals with mastitis by MRSA must 

be destroyed, and in some cases the infected quarter must be prematurely dried-off. If the 

antimicrobial treatment is chosen, it is necessary to evaluate its risk-benefit compared with 

other alternatives. The choice of antimicrobials should always be based on a susceptibility test, 

and all precautions should be taken that the drug reaches the infected site with appropriate 

concentrations (Jayarao and Cassel, 1999).

2.3. Multi-drug resistance mechanism Staphylococcus aurous

Resistance to chemical antibiotics in S. aureus was documented only a few short years after 

the introduction of penicillin into general use in 1944 (Livermore, 2000).

MRSA produces a specific penicillin-binding protein20 (or PBP2a) that possesses reduced 

affinities for binding to β-lactam antibiotics resulting in β-lactam antibiotic resistance (Berger-

Bachiand Rohrer, 2002). PBP20 is encoded by the meca gene carried by a large mobile 

genetic element (Kwon et al., 2005), staphylococcal cassette chromosome mec (sccmec), 

which is integrated at the 30 ends of orfx on the chromosomes of MRSA strains. The Sccmec 

element contains the mec gene complex composed of the meca gene and its regulators, and the 
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ccr gene complex that encodes site-specific recombinases, ccra and ccrb, which are 

responsible for the mobility of sccmec (Kwon et al., 2005).

Study of early isolates of MRSA showed that a key genetic component responsible for 

resistance, meca, is not native to the S. aureus genome. The staphylococcal chromosome 

cassette mec (SCCmec) has been characterized as a novel, mobile resistance element that 

differs from both transposons and bacteriophages (Berger-Bachiand Rohrer, 2002). MRSA 

typically spreads through clones; however, it is known that the mec gene has been transmitted 

between S. aureus strains and, possibly, between other staphylococcal species (Berger-

Bachiand Rohrer, 2002; Chu et al., 2012).

However, not all meca clones are resistant to methicillin, and overall resistance levels in a 

population of MRSA depend on efficient production of PBP 2a, which is modulated by a 

variety of chromosomal factors. This explains why MRSA resistance levels range from 

phenotypically susceptible to highly resistant (Berger-Bachiand Rohrer, 2002).

According to Kwon et al.( 2005) although MRSA strains isolated from humans have been well 

characterized and examined by analyses of their sccmec complex, antimicrobial resistance 

patterns and multilocus sequence typing (MLST), but there have been few studies about 

MRSA isolated from animals or livestock products and their sccmec complex characteristics.
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3. MATERIALS AND METHODS

3.1. Description of the study area

The study was carried out in the Selale area which includes Girar-Jarso, Debre- Libanos and 

Wuchale Woredas where the home towns are Fitche, Debre-Tsige and Muketuri towns,

respectively. The study was done in and around the three towns. 

Fitche/ Girar-Jarso woreda

Fitche is the administrative centre of the Semien Shewa Zone of Oromiya Region and in 

Girar-Jarsoworeda.The woreda lies along the highway to Amhara National Regional State in 

the Northwestern direction at a distance of 112 km from Addis Ababa. The GirarJarsoworeda 

has an altitude of 1300 to 3419 m.a.s.l and astronomically the woreda occupies 9035’-

10000’N latitude and 38039’-38039’E longitude.According to Fitche Station meteorological 

data the average rainfall amount of the woreda is about 1200mm, and maximum and minimum 

rainfall is about 1115mm and 1651mm, respectively. Temperature of the woreda ranges from 

a minimum of 11.50C to a maximum of 350C.Agro-ecologically, the woreda is categorized 

into three: Dega, Woina-Dega and Kolla constituting 52%, 41% and 7% of the total area of the 

woreda, respectively. 

The total livestock population is estimated as 119650 cattle, 33250 sheep, 17295 goat, 2290 

horses, 380 mules, 14650 donkey, 72270 chicken and 1915 bee hives. The main source of 

income is obtained from sale of livestock and livestock products and livestock by-products 

(such as kubet), crops, and firewood and eucalyptus (Girar-Jarso woreda Livestock 

Production, Marketing and Health Office, 2013).

Debre-Tsige/DebreLibanose

Debre-Tsige is a town of Debre-Libanos Woreda located 89 km from Addis Ababa.

Debre-Libanos District is located 9o 48N and 38o 44E.The altitude of the District is between 

1500-2700m a.s.l, its minimum and maximum temperature vary from 19oC to 23oC.It gets 
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bimodal rain fall that ranges from 800-1200mm and the predominant soil type are black soil 

(56%) and red soil (38%).Two agro ecologies are found in the area and mixed agricultural 

activities are performed. According to Debre-Libanos woreda Livestock office, there are about 

80,796 head of cattle, 84,507 goats, 23,723 sheep, 10,899 equines, 1,894 camels and 75,305 

poultryin thedistricts. All of these livestock species are reared mainly by smallholder farmers 

under intensive, semi intensive and extensive production system (Debre-Libanose Woreda 

Livestock Production, Marketing and Health Office, 2013).

Mukaturi/Wuchale

Mukaturi is a town of Wuchale Woreda located 78 km north-west of Addis Ababa.Agro-

ecologically, the woreda is categorized into three: Dega, Woina-Dega and Kolla constituting 

87%, 11% and2% of the total area of the woreda, respectively. Its altitude ranges from 1000-

3000 m.a.s.i. The annual mean rain fall reaches 1028mm. The mean maximum and maximum 

temperature are 11.230C and 20.860C, respectively. The climate of the area is favorable for 

crop and livestock production like the neighboring woredas. 

Figure 1: Map of Selale area (rough sketch). Map source: Encarta 2014



24

3.2 Study population and animals

The study population was selected dairy cows in Muketury dairy farm and medium and small 

holder dairy farms in and around Fitche, Debre-tsige and Muketuri towns which consisted of 

154 milking cows selected from these areas.

3.3 Study design

3.3.1 Study type

A cross-sectional type of study design was used to isolate Staphylococcus aureus at cow and 

quarter level, occurrence of Methicillin resistanceStaphylococcus aureus (MRSA) and also to 

evaluate their antibiotic susceptibility patterns from samples of mastitic cow’s milk obtained 

from Muketury dairy farm and Fitche, Debre-tsege and Muketury towns small and medium 

scale dairy farms from October 2013-April 2014.

3.3.2 Sampling method and determination of sampling size

The large scale dairy farm (Muketury dairy farm) was selected purposively and but for 

medium and small holder dairy farms a sampling frame containing the list of current members 

of Fitche, Debre-tsige and Muketuri towns milk and milk products marketing cooperatives 

were acquired from the cooperatives offices from each towns at the beginning of the study. 

Based on this the farms under study from the sampling frame was selected by using a stratified 

random sampling procedure and stratification was done in similar with previous 

reports(Lemma et al., 2001; Tesfaye, 2008) as small holder (<5 heads of dairy cattle), medium 

size (6-50) heads of dairy cattle and large scale (> 50 heads of dairy cattle). A total of  58 

dairy farms (only one large scale, 12 medium and 45 small scale dairy farms were selected 

randomly and included in the study. The study animals in Muketury dairy farm was selected 

by systematic random sampling method whereas for medium and small holder dairy farms.

Moreover, on site, questionnaires were prepared to assess basic information on each farm, 

which includes the number of cows, breed type, age, stage of lactation, lactation status, 
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pregnancy status and the previous mastitis history used were requested and filled before 

collecting samples.

To calculate the sample size the following parameters were used: 95% level of confidence 

(CL), 5% desired level of precision and withthe expected prevalence of mastitis 89.5% and 

63.1% at cow and quarter level, respectively, by Argaw and Tolosa (2007) atsmall holderdairy 

farmsin Selale, North Shewa Zone in milk sample and the sample sizes were determined using 

the formula given in Thrusfield (2005).

n = 1.962Pexp (1- Pexp)

d
2

Where: n = required sample size, Pexp = expected prevalence, d = desired absolute precision

Using the above formula, accordingly, the calculated values for sample size were equal to144 

dairy cows and 358 quarters. However, not to lose the chance of sampling 10 dairy cows were 

added to the sample size which equals to 154 dairy cows and also all teat quarters of dairy 

cows (N=616)included under this study were involved in this study.

3.4 data collection method

3.4.1   Screening methods

Clinical examination

Clinical cases were recorded at the time of milk sampling purposively.  Theses Clinical 

mastitis cases were diagnosed on the basis of manifestation of visible signs  like inflammation 

of udder, warm and swollen with painful  upon palpation and/or gross changes in milk was 

well considered otherwise chronic mastitis when misshaped, atrophied, hard and fibrotic 

quarters were examined (Radostitis et al., 2000; Quinn et al., 2004).
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Screening using California Mastitis Test (CMT)

Subclinical mastitis was diagnosed based on CMT results and the nature of coagulation and 

viscosity of the mixture show the presence and severity of the infection, (milk and CMT 

reagent) following the procedures in Quinn et al. (2002). Before sample collection for 

bacteriological examination, milk samples were examined for visible abnormalities and were 

screened by the CMT. From each quarter of the udder, a squirt of milk sample (2mm) was 

placed in each of the cups on the CMT paddle and an equal amount of 3% CMT reagent was 

added to each cup and mixed well. Reactions were graded as 0 and trace for negative, +1, +2 

and +3 for positive (Quinn et al., 2002).

3.4.2 Bacteriological examination of milk samples

i. Collection, transportation and handling

Milk samples were collected from each of clinically and sub clinically mastitic non-blind 

quarters of the selected cows according to the National Mastitis Council Guideline (2004).

After milking out and discarding the first two drops, about 2ml of milk was tested on CMT 

paddle from each quarter and about 25ml of milk was aseptically collected from each mastitis 

positive quarter using sterile universal bottle. Then samples were transported to microbiology 

laboratory, College of Veterinary medicine and Agriculture, the Addis Ababa University in an 

ice box for microbiological examination. Since immediate inoculation was not convenient, 

samples were kept at 4°C until cultured for isolation.

3.4.3 Culture procedure

Isolation and identification of Staphylococcus aureus and Methicillin Resistance S. aurous

(MRSA) was conducted in the microbiology laboratory at Addis Ababa University College of 

veterinary medicine and agriculture. On arrival in the laboratory, aliquots (centrifuged milk 

sample) of 0.01 ml of milk were streaked on blood agar (Oxoid, UK) containing 7% sheep 

blood for isolation of Staphylococci. The incubation was done aerobically at 37 °C for 24-48 
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hrs. The presence of more than 3 colonies of a similar morph-type was accepted as positive 

bacteriological finding (Ebrahimi et al., 2010). Identification of the bacteria on primary 

culture was made on the basis of colony morphology, haemolytic characteristics, Gram stain 

reaction including shape and arrangements of the bacteria, catalase test and oxidase test. In 

addition, growth characteristics on Mannitol salt agarand purple agar and tube coagulase test 

were conducted for specifically identifies staphylococcus species.

3.4.4 Isolation and identification of Staphylococcus aurous species

Final identification of staphylococci organisms and Staphylococcus aurous species assignment 

were done based on Gram staining and biochemical tests such as catalase test, oxidase test, 

Mannitol sugar fermentation, Coagulase test and 1% maltose fermentation.

Gram's staining

All suspected cultures of Staphylococcus species were subjected to Gram's stain and observed 

under a light microscope for Gram's reaction, size, and shape and cell arrangements. The 

Grams stained smears from typical colonies that showed Gram-positive cocci occurring in 

bunched, grapelike irregular clusters were taken as presumptive Staphylococcus species.

Catalase test

Pure culture of the isolates to be tested for catalase were picked up by bacteriological loop 

from the agar plate and mixed with a drop of 3% hydrogen peroxide on a clean slide. When 

the organism was positive, bubbles of oxygen was liberated within a few seconds. Those 

positive cocci were considered as Staphylococci (Quinn et al., 2002).

Oxidase test
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A piece of filter paper was moistened in a petridish with 1 percent aqueous solution of 

tetramethyl –p-phenylenediamianedihydrochloride. The test colony was streaked firmly across 

the filter paper with a glass rod. The disappearance of dark purple color along the streak on the 

filter paper was considered as Staphylococcus (Quinn et al., 2002).

Mannitol salt Agar (Mannitol fermentation)

The colonies that were confirmed by gram’s staining reaction, haemolysis on the blood agar, 

colony characterization ,catalase positive and oxidase negative were selected and streaked on 

Mannitol salt agar plate and incubated at 370C and examined after 24-48 h for growth. The 

presence of growth and change of PH in the medium (red to yellow) was regarded as 

presumptive identification of Staphylococcus aurous or coagulase positive Staphylococcus 

aurous.

Phenol red pH indicator detected the acidic metabolic product of mannitol. Fermentation of 

mannitol by S. aureus causes yellow discolouration of the medium with in 24 hrs of incubation 

(Quinn et al., 2002) (Appendix-5).

Coagulase test

The coagulase tests used were both slide coaglase and tube coagulase tests. The presumptively 

identified Staphylococcus aurous from mannitol salt Agar were sub-cultured to nutrient agar 

plate and after 24 hours culture colonies of Staphylococcus aurous was picked by 

bacteriological loop and placed on clean slide with a small drop of distilled water and 

emulsified. The test suspension was treated with a drop of rabbit plasma and mixed well with 

a needle for 5-10 seconds. Those forming Clumping of cocci were taken as positive (Quinn et 

al., 2002).

For those slide coagulase negative isolates, the tube coagulase test was performed in sterile 

tubes by adding 0.5 ml of selected isolates of Staphylococcus grown on Brain Heart Infusion 
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broth (BHI) at 370C for 24 hours to 0.5 ml of rabbit plasma (Quinn et al., 2002). The reaction 

was considered positive, if any degree of clotting from a loose clot to a solid clot that is 

immovable when the tube is inverted (tilted) was visible within the tube and no degree of 

clotting would be taken as negative.

Purple agar Base (1% maltose fermentation)

Purple agar base (PAB) with the addition of 1 percent maltose was used to differentiate the 

pathogenic staphylococci, particularly the coagulase-positive isolates. The suspected culture 

was inoculated on PAB media plate (Defico) with 1% of maltose and incubated at 370C for 

24-48 hours. The identification was based on the fact that S. aureus rapidly ferment maltose 

with in 24 hrs and the acid metabolic products cause the pH indicator (bromocresol purple) to 

change the medium and colonies to yellow. The rapid fermentation (24hrs) was considered as 

Staphylococcus aurous isolates (Quinn et al., 2002).

3.4.5 Phonotypical isolation of MRSA strains

  

MRSA was identified phenotypically by using Cefoxitin disk diffusion method (CLSI, 2012).

There are several methods for detection MRSA including routine methods such as disk 

diffusion, MIC determination (broth dilution-test) oxacilin screening agar, and recently 

developed methods like disk diffusion using Cefoxitin instead of Oxacillin ,latex agglutination 

and CHROMagar MRSA (Brown et al., 2005). According to Karami et al. (2011) in his 

findings, all phenotypic methods had high sensitivity and specificity for detection of MRSA. 

However, Cefoxitin disk diffusion method in comparison to other methods had higher 

specificity. In the study of Diab et al. (2008) stated that Cefoxitin disk diffusion assays 

exhibited sensitivity of 100% and specificity of 90% for identification of methicillin-sensitive 

isolates.

The disk diffusion test was performed for all S. aureus isolates (N=164). For susceptibility 

testing, direct colony suspension of the isolates was adjusted to a turbidity equivalent to a 0.5 

McFarland standard and resistance to Cefoxitin disk   was determined for isolated strains on 
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Mueller-Hinton agar following the Clinical and Laboratory Standards Institute guideline 

(CLSI, 2012).

Finally, the diameters of the zone of inhibition around the disks were measured to the nearest 

millimeter using caliper, and the isolates were classified as susceptible, intermediate and 

resistant according to the interpretative standards of Clinical and Laboratory Standards 

Institute (CLSI, 2012)(Appendix 8).

3.4.6   Antibiotic susceptibility testing

Antimicrobial susceptibility testing was performed for S. aureus isolates (N=61) according to 

the criteria of the Clinical and Laboratory Standards Institute (CLSI, 2012). For susceptibility 

testing, direct colony suspension of the isolates was adjusted to a turbidity equivalent to a 0.5 

McFarland standard Susceptibility to antimicrobial agents were determined for isolated strains 

by the disk diffusion method on Mueller-Hinton agar following the Clinical and Laboratory

Standards Institute guideline (CLSI, 2012).

For susceptibility test antimicrobials from each subclass (CLSI, 2012) and antimicrobials 

which are commonly used for treatment of bovine mastitis were selected. Thus a total of 

twelve antimicrobials were used in this study. The antibiotic discs used were, Cefoxitin 

(Fax/30 μg), Amoxicillin-clavulinic acid (AMC/30 μg), Ceftazidime (CAZ/30 μg), 

Vancomicin (VA/30μg), Gentamicin (CN/10 μg), Streptomycin (S/10μg), Ciprofloxacin 

(CIP/5 μg), sulphamethoxazole-trimethoprim (SXT/25 μg),Chloroamphenicol (C/30 μg), 

Nitrofuration (F300 μg) and Clindamycin (DA/10 μg) (Oxoid, UK) and Bacitracin (B/10 μg) 

(Himedia, India).

Finally, the diameters of the zone of inhibition around the disks were measured to the nearest 

millimeter using caliper, and the isolates were classified as susceptible, intermediate and 

resistant according to the interpretative standards of Clinical and Laboratory Standards 

Institute (Quinn et al., 2002; CLSI, 2012)(Annex-). Moreover, isolates showing resistance to 

two or more antimicrobial subclass were considered as multidrug resistant (Intrakamhaeng and 

Komutarin, 2012).
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3.4.7 Data Collection and Statistical analysis

Microsoft Excel was used for data management, computation of descriptive statistics and 

drawing graphs. Computation of descriptive statistics was conducted using SPSS version 20.0 

software. Descriptive statistics such as percentages, proportions and frequency distributions 

were applied to compute some of the data. Prevalence of Staphylococcus and Methicillin 

resistant Staphylococcus aurousin milk samples were computed.

Independent variables such as type of farm, breed type, age, stage of lactation, pregnancy 

status, type of mastitis, history of previous mastitis status and disinfectant used were used to 

be interpreted against dependent variable of S. aureus isolation.

The Pearsons chi-square (χ2) test at a significance level of 5% and 95% CI was used to 

determine the degree of association between risk factors and the occurrence S .aureus and 

significant variation between the prevalence of S. aureus and MRSA. Furthermore, univariate 

logistic regression was used to see the association of the potential risk factors with occurrence 

S. aureus and MRSA for those risk factors significant for Pearson’s chi-square (χ2) test. The 

degree of association between risk factors and the occurrence S .aureus were analyzed using 

odds ratio (OR). In all analysis, associations were considered to be significant when P<0.05.



4. RESULTS

4.1 Prevalence of mastitis

In this study a total of 616 quarters were examined from 154 cows

(N=146, 94.80%) and only few of them (N=8, 5.20%) cross breeds. Under 

examination and CMT screening were used to determine the prevalence of mastitis.

4.1.1 Prevalence of Mastitis at cow level

The overall prevalence of mastitis at cow level as determined by CMT and clinical 

examination was 128 (83.1%

subclinical and clinical mastitis were 89 (57.8

Fig. 2 Prevalence of different types of 

4.1.2 Prevalence of mastitis at quarter level

Out of 616 quarters examined using CMT and clinical examination methods, a total quarter of 

403 (65.42%) were found affected by mastitis, 45 (

subclinical respectively. The quarter level prevalence of subclinical mastitis was 

subclinical, 
57.80%

healthy, 
16.90%
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In this study a total of 616 quarters were examined from 154 cows, most of Holstein 

and only few of them (N=8, 5.20%) cross breeds. Under 

examination and CMT screening were used to determine the prevalence of mastitis.

4.1.1 Prevalence of Mastitis at cow level

The overall prevalence of mastitis at cow level as determined by CMT and clinical 

83.1%) from a total population of 154 cows

subclinical and clinical mastitis were 89 (57.8%) and 29 (25.3%), respectively (Fig. 2).

Prevalence of different types of mastitis (N=154)

4.1.2 Prevalence of mastitis at quarter level

616 quarters examined using CMT and clinical examination methods, a total quarter of 

were found affected by mastitis, 45 (7.31%) and 358 (

subclinical respectively. The quarter level prevalence of subclinical mastitis was 

clinical, 
25.30%

most of Holstein Fresian 

and only few of them (N=8, 5.20%) cross breeds. Under these clinical 

examination and CMT screening were used to determine the prevalence of mastitis.

The overall prevalence of mastitis at cow level as determined by CMT and clinical 

total population of 154 cows; the prevalence of 

respectively (Fig. 2).

616 quarters examined using CMT and clinical examination methods, a total quarter of 

and 358 (58.12%) clinical and 

subclinical respectively. The quarter level prevalence of subclinical mastitis was 74 (12.01%),
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100 (16.23%), 95 (15.42%) and 89(14.45%) from left front, lest hind, right front and right 

hind quarters, respectively (Table2.).

Table 1 Prevalence of clinical and sub-clinical mastitis at quarter level using CMT and 

clinical examination

Form of 

mastitis

Quarter level Total

LF LH RF RH

Clinical 8(1.30%) 12(1.95%) 15(2.44%) 10(1.62%) 45 (7.31%)

Sub-clinical 74(12.01%) 100(16.23%) 95(15.42%) 89(14.45%) 358 (58.12%)

Total 82(13.31%) 112 (18.18%) 110(17.86%) 99(16.07%) 403(65.42%)

N=616

4.1.3 Prevalence of Staphylococcus aureus caused sub-clinical and clinical mastitis at cow 

level

The overall cow level S.aureus caused mastitis was 66 (51.56%) and the contribution of 

Staphylococcus aureus to subclinical and clinical mastitis were 36(28.1%) and 30(23.4%) 

respectively.



Fig 3 Prevalence of Staphylococcus aureus

level

4.1.3 Prevalence of Staphylococcus aureus
level

The overall prevalence of 

(40.69%) and the prevalence of 

quarter level was 32.00% and 8.68% respectively (Table 2).

clinical

30(23.40%)

Staphylococcus aureus isolated
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Staphylococcus aureus caused sub-clinical and clinical mastitis at 

Staphylococcus aureus caused sub-clinical and clinical mastitis at quarter 

The overall prevalence of Staphylococcus aureuscaused mastitis at quarter level was 164 

40.69%) and the prevalence of Staphylococcus aureus sub-clinical and clinical mastitis at 

% and 8.68% respectively (Table 2).

sub-clinical Total

30(23.40%)

36(28.10%)

66(51.56%

Staphylococcus aureus isolated

Staphylococcus aureus isolated

clinical and clinical mastitis at cow 

clinical and clinical mastitis at quarter 

caused mastitis at quarter level was 164 

clinical and clinical mastitis at 

66(51.56%)
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Table 2 Prevalence of Staphylococcus aureus caused sub-clinical and clinical mastitis at 

quarter

Type of 

mastitis 

S. aureus isolated at quarter level Total

LF LH RF RH

clinical 6(1.49%) 8(1.97%) 13(3.23%) 8(1.97%) 35(8.68%)

sub-clinical 20(4.96%) 42(10.42%) 40(9.93%) 27(6.70%) 129(32.00%)

Total 26(6.45%) 50 (12.4%) 53(13.15%) 35(8.68%) 164(40.69%)

N=403

4.1.4 Prevalence of MRSA at quarter level

MRSA was identified using Cefoxitin disk diffusion method (CLSI, 2012). The overall 

prevalence of Methicillin resistance S. aureus was 60 (36.6%). From the four quarters the right 

hind (12.8%) shows more prevalent and followed by left hind (10.4%), right front (8.5%) and 

Left front (4.9%), respectively (Table 3).

Table 3 Prevalence of MRSA at quarter level

Prevalence of MRSA Quarter level Total

LF LH RF RH

Count 8 17 14 21 60

% of Total 4.9% 10.4% 8.5% 12.8% 36.6%

N=164
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4.1.5 Differences between mastitis prevalence and MRSA prevalence

The difference between mastitis prevalence and prevalence of MRSA at quarter levels was  

statistically strongly significant (p<0.05).

Table 4 Differences between mastitis prevalence and MRSA prevalence using X2 correlation

Variables

Categories 

N Prevalence of 

MRSA S. 

aurous

X2 p-value OR CIof OR

Prevalence of 

mastitis at quarter 

level

Positive 

Negative 

403

213

60(14.89%)

104 (48.83%)

85.20 0.000 41.34 12.664-134.96

Total 616

4.1.6 Risk factors associated with isolation of Staphylococcus aureus using X2 correlation

The questionnaire result on the risk factors of mastitis like age group and pregnancy status 

reveled that they had no effect on (p>0.05) Staphylococcus aureus isolation. But stage of 

lactation and previous mastitis history had significant effect on (p<0.05) isolates of S. aurous. 
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Table 5 Association between risk factors with Staphylococcus aureus caused mastitis at cow 

level using chi-square test

Variables

Categories 

N Prevalence of 

S. aurous

X2

df

p-value

Age group

<3yrs(young)

3-6 yrs(youg-adult)

6-10 yrs(adult)

>10 yrs(old)

13

68

58

15

6(46.2%)

31(45.6%)

24(41.4%)

5(33.3%)

0.872 3 0.832

Stage of lactation Early

Mid 

Late

Dry

16

59

54

25

8(50.0%)

26(44.1%)

16(29.6%)

16(64.0%)

8.790 3 0.032

Previous mastitis 

history

Not-infected

Infected

109

45

40(36.7%)

26(57.8%)

5.780 1 0.016

Pregnancy status Non-pregnant

Pregnant 

132

22

53(40.2%)

13(59.1)%

2.762 1 0.097
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4.1.7 Association between risk factors with Staphylococcus aureus isolates caused mastitis at 

cow level using a univariate logistic regression test.

Those risk factors that had significant effect (p<0.05) on the isolates of Staphylococcus aureus

using X2 correlation were titled in univariate logistic regression analysis. The result showed 

that the effect of stage of lactation at early and dry period and previous mastitis exposure had 

significant effect (p<0.05) for the occurrence of Staphylococcal mastitis whereas lactation 

stages at mid and late periods had no significant (P<0.05) effect on the occurrence of S. 

aureus.

Table 6 Association between risk factors with Staphylococcus aureus isolates

Variables Categories N Prevalence (%) P=value OR CI of OR

Stage of 

lactation

Early

Mid

Late

Dry

16

59

54

25

8(50.0%)

26(44.1%)

16(29.6%)

16(64.0%)

0.038

0.377

0.098

0.005

1.778

2.256

4.222

0.496-6.366

0.860-5.922

1.547-11.524

Previous 

mastitis 

history

Not-infected

  Infected

109

45

40(36.7%)

26(57.8%)

0.017 2.361 1.163-4.793
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The questionnaire results on the risk factors of mastitis like age group, pregnancy status, stage 

of lactation and previous mastitis history reveled that they had no effect on (p>0.05)  

methicillin(Cefoxitin) resistant Staphylococcus aureus isolates.

Table 7 Association between risk factors with methicillin resistant Staphylococcus aureus

(MRSA) isolates.

Variables

Categories 

N Prevalence of 

MRSA

X2 df

p-value

Age group

<3yrs(young)

3-6 yrs(youg-

adult)

6-10 yrs(adult)

>10 yrs(old)

13

68

58

15

1(7.7%)

4(5.9%)

4(6.9%)

2(13.3%)

1.041 3 0.791

Stage of 

lactation

Early

Mid 

Late

Dry

16

59

54

25

1(6.2%)

3(5.1%)

3(5.6%)

4(16.0%)

3.558 3 0.313

Previous 

mastitis history

Not-infected

Infected

109

45

7(6.4%)

4(8.9%)

0.292 1 0.589

Pregnancy 

status

Non-pregnant

Pregnant 

132

22

92(6.8%)

2(9.1%)

0.147 1 0.702
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4.2 In-vitro antimicrobial susceptibility results

A total of 61 isolates of S. aureus species which were isolated from clinical and subclinical 

mastitis cases were tested for antimicrobial sensitivity for 12 different types of antibiotics.

In the present study, S. aureus isolates were found variably resistant to the antibiotics tested. 

The S. aureus isolates showed highest sensitivity towardsAmoxicillin-clavulinic acid (80%),

Chloroamphenicol (78.7%), Nitrofuration (73.8), Cefoxitin (67.2%), Sulphamethoxazole-

trimethoprim (59%). In the other groups, the pattern clearly indicated that S. aureus isolates 

were highly resistant to Clindamycin (73.8%), Bacitracin (72.1%) and Vancomicin (70.5%).

Also intermediate sensitivity of S. aureus isolates was highest towards streptomycin (19.7%),

Clindamycin (8.2%) and followed by Gentamycin (4.9%) and ciprofloxacin (3.3%) (Fig 2).



Fig.4.Susceptibility pattern of S. aureus isolated isolates susceptibility pattern of S. aureus 

isolated ted from cow milks (N=61)

Key:-Cefoxitin (Fax30), Amoxicillin

(DA10),Vancomicin (VA30),Gentamicin (CN10), Streptomycin (S10),Ciprofloxacin(CIP5),Sulphamethoxazole

trimethoprim (SXT25),Bacitracin (B10),Nitrofuration (F300) and Chloroamphenic

82.0%

31.1% 32.8%

68.9%

18.0%

68.9%

47.5%

0.0 0.0

19.7%

Amc30 CAZ10 S10

Antimicrobial susceptability pattern of S.aurous
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Susceptibility pattern of S. aureus isolated isolates susceptibility pattern of S. aureus 

isolated ted from cow milks (N=61)

(Fax30), Amoxicillin-clavulinic acid (AMC30), Ceftazidime (CAZ30),

Vancomicin (VA30),Gentamicin (CN10), Streptomycin (S10),Ciprofloxacin(CIP5),Sulphamethoxazole

trimethoprim (SXT25),Bacitracin (B10),Nitrofuration (F300) and Chloroamphenicol (C30).
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9.8%
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Susceptibility pattern of S. aureus isolated isolates susceptibility pattern of S. aureus 

clavulinic acid (AMC30), Ceftazidime (CAZ30),Clindamycin 

Vancomicin (VA30),Gentamicin (CN10), Streptomycin (S10),Ciprofloxacin(CIP5),Sulphamethoxazole-

ol (C30).
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32.8%
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The most frequent multidrug resistance pattern consisting of three drugs is exhibited for, 
gentamicin, ceftazidime and streptomycin with a resistance of 7 (9.46%) of the isolates. Sixty 
four (86.46% of the isolates) were resistant to different combinations of two or above tested 
antibiotics (Table 7).

Table 8 Antibiograms of the total S. aureus isolates for multi-drug resistance

Antibiotic Resistant strains

Number %
DA 1 1.35%

CAZ 3 4.05%
CN 3 4.05%
S 3 4.05%

AMC,  S 1 1.35%
VA,  B 1 1.35%

DA,  SXT 3 4.05%
F,  CAZ 2 2.70%

AMC, B, S 1 1.35%
VA, B, CAZ 2 2.70%
CN, CAZ, S 7 9.46%

DA ,CAZ, FAX 2 2.70%
VA, DA, B 3 4.05%

VA, DA ,AMC 1 1.35%
AMC ,B, S, VA 2 2.70%

FAX ,SXT, S, DA 1 1.35%
VA ,DA ,B, CIP 3 4.05%
VA, DA, B, CAZ 2 2.70%

S, CN ,CAZ, S 3 4.05%
VA ,CN, DA, S 1 1.35%

VA ,CN, B, S, SXT 2 2.70%
DA, B, CAZ, CIP, SXT 1 1.35%
VA, DA ,B, CIP, CAZ 1 1.35%
VA, CN, DA, B, CAZ 3 4.05%

VA, CN, DA, B,  F 1 1.35%
VA, DA, B,CAZ ,F, FAX 2 2.70%
VA, CN, DA, B, AMC, S 1 1.35%
VA, CN, DA, B, SXT, S 3 4.05%

VA, CN, DA, B, SXT, FAX 1 1.35%
VA, DA, B, CAZ, CIP, SXT, FAX 5 6.76%

S, FAX, SXT, S,CAZ ,B,  DA 3 4.05%
VA, DA, B, CAZ, CIP, SXT, FAX 1 1.35%

VA, DA ,B, AMC, CAZ, CIP, SXT, FAX 3 4.05%
VA ,DA, B, AMC ,CAZ, CIP,  SXT, F 2 2.70%

Total 74 100%
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5. DISCUSSISION

In the present study, the overall prevalence of mastitis at cow and quarter levels in large, 

medium and small holderdairy farms of the Selale/Fitche area is in line with the finding of 

Argaw and Tolosa (2007) conducted in the same area 89.5% and 63.1% at cow and quarter 

level, respectively atsmall holderdairy farmsin Selale. Similarly, it was closely comparable 

with the findings of Muluneh (2013), Duguma et al. (2013) andMekibibet al. (2010), who 

reported 72.16% and 42.23% at Alage dairy farm 81.1% and 80.88% at Holleta agricultural 

research centre, and also71.0% and 44.9% in dairy farms of Holeta town, respectively. In 

addition, the lower occurrence of mastitis in local breeds in addition to genetic factors could 

also be one indication for higher occurrence of mastitis prevalence in areas where exotic 

breeds and their hybrids well adapted and in our study area exotic breeds (Holstein 

Fresianbreeds) are well adapted. The report from Biffa et al. (2005) confirmed that Holstein 

Fresian pure breeds were affected at a higher rate both by clinical (26.3%) and subclinical 

(30.1%) mastitis than local breads.

5.1 Prevalence of clinical and subclinical mastitis at cow and quarter level

Clinical mastitis is only the 'tip of the iceberg'. Subclinical mastitis is by far the more costly 

disease in the majority of herds, and is often defined as the presence of a microorganism in 

combination with an elevated somatic cell count (SCC) of the milk. In this study sub clinical 

mastitis is more prevalent than clinical mastitis at cow and quarter level and the same per 

individual quarter levels. This also provides further support of other studies in different region 

of the country which have concluded that sub-clinical mastitis is more prevalent than clinical 

mastitis Biffa et al. (2005), Mekibib et al. (2010) and Duguma et al. (2013) who reported 

23.0% and11.9%, 48.6% and 22.4% and 73.3% and 7.8% sub clinical and clinical mastitis, 

respectively. This is likely to be partly influenced by virulence of the circulating bacterial 

strains and the levels of immunity of the cows to these pathogens. In addition most 

smallholder farmers are not well informed or don’t know about sub-clinical mastitis and they 

were surprised during our field work when they saw CMT positive milk reaction while it 

appeared to them normal milk before the test was conducted.
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The prevalence of mastitis at quarter level both clinical and subclinical agrees with the 

findings of Duguma et al. (2013) who found 5.59% and 75.3% clinical and subclinical mastitis 

in Holleta agricultural research centre. However, it is lower for subclinical (32%) and 

comparable for clinical (10%) reported by Aberaet al. (2013) in Asella government dairy 

farm.

5.2 Staphylococcal isolates in bovine mastitis 

In this study, the isolation S. aureus from clinical and CMT positive milk samples from each 

quarter were done. The findings of this study are in line with the findings which were done 

around Sebeta (44.03%) by Sori et al. (2005), in Holleta agricultural research centre (43.3%) 

by Dugumaet al. (2013), in Hawassa area (48.75%) by Dakaet al. (2012), in and around 

Holeta town (47.1%) by Mekibibet al. (2010) and in DebreZiet area (39.5%) by Addis et al.

(2011). It was also closely comparable with findings of Lakewet al. (2009), Ndegwaet al.

(2000) and Bedada and Hiko (2011) who reported 41.1% and 43.3%, 39.1% in dairy cows, 

respectively.However, the present findings are lower than that of Husseinet al. (1997), Bishi 

(1998) and Mekuriaet al. (2013) who reported 10%, 9% and 16.2% prevalence in Addis 

Ababa, respectively.The high prevalence of this organism may be associated with its frequent 

colonization of teats, its ability to exist intracellular and localize within micro abscesses in the 

udder and hence resistant to antibiotic treatment (MacDonald, 1997). The bacteria usually 

establish chronic, subclinical infections and are shed in the milk, which serves as a source of 

infection for other healthy cows during the milking process. Transmission among cows 

increase whenever there is lack of effective udder washing and drying, post- milking teat dip 

and drying, inter-cow hand-washing and disinfection, washing clothes and milking machine 

cups (Radostitis et al., 2007). Therefore, the S. aureus occurrence at a considerable high 

percentage indicates the alarming situation for dairy farms.
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5.3 MRSA isolates in bovine mastitis

Methicillin-resistant Staphylococcus aureus (MRSA) are the strains of S. aureus that are 

resistant to all the β lactam antibiotics. MRSA has received a lot of attention in recent years as 

a zoonotic organism when studies suggested the possibility of animals serving as reservoirs for 

human MRSA infection (Joshi et al., 2014). In this study larger numbers of Methicillin 

(Cefoxitin) resistant isolates were obtained from the mastitic milk in this study area which is 

lower than  that of Daka et al. (2012) who found 60.3% but it was higher than the findings of 

Joshi et al. (2014) who reported lower prevalence of MRSA (Cefoxitin, 11.25%) in Nepal 

which is well known that Cefoxitin is not used for veterinary practice in the study area. 

However, Methicillin resistance could be explained by the cross transmission between human 

and animals (Juhász-Kaszanyitzky et al., 2007).

In the study of Diab et al. (2008) stated thatCefoxitin disk diffusion assays exhibited 

sensitivity of 100% andspecificity of 90% for identification of methicillin-sensitive 

isolates.Detection of mecA gene and PBP2’ may be a further requirement to justify this 

exceptionally high level of cefoxitin resistant isolates which is not included in the present 

study.

In this study, it was also observed that MRSA isolates were also resistant to beta-lactam 

antibiotics such as clindamycin (73.8%), Bacitracin (72.1%), Ceftazidime (68.9%) and 

vancomicin (70.1%).This result is also in line with Daka et al. (2012) who found MRSA strain

resistant to oxacillin, penicillin, ampicilin and  26.5% of the oxacillin resistant S. aureus were 

found resistance to vancomicin. 

In this study the difference between mastitis prevalence and prevalence of MRSA at quarter 

levels was statistically significant (p<0.05). The strong difference between mastitis and MRSA

may be due to that occurrence of MRSA is not always related to the intramammary infection.

Only a few mammary infections of the dairy cow by MRSA strain have been reported and no 

information is available on the interaction between the bacteria and the mammary gland (pilla 

et al., 2012). In addition the occurrence of mastitis can be related to more than 137 micro-
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organisms: includes bacteria, certain fungi and yeasts (Gruet et al., 2001). But methicillin-

resistant staphylococci have been infrequently isolated from cases of clinical and subclinical 

bovine mastitis (Huijsdens et al., 2006; Monecke et al., 2007; Wang et al., 2008). 

Furthermore, the origin of MRSA intra-mammary infections in dairy cattle has been difficult 

to define.

5.4 Effects of risk factors on the occurrence of S. aureus and MRSA isolates.

Many reports on treatment trials of S. aureus mastitis do not contain detailed descriptions of 

hostfactors of the treated animals, or of the strains causing the infections that are treated 

(Barkema et al., 2006). Risk factors associated with isolation of Staphylococcus aureus using

X2 correlationlike age group and pregnancy status revealed that they had no effect on 

Staphylococcus aureusisolation. This observation agrees with the findings of Mekuriaet al. 

(2013),Grace et al. (2009) and Denis et al. (2008). Whereas, the stage of lactation and 

previous mastitis history had significant effect on isolation of S. aureus which do not agree 

with the report of Mekuria et al. (2013).

Those risk factors that had significant effect (p<0.05) on the isolation of Staphylococcus 

aureus using X2 correlation were titled in univariate logistic regression analysis. The result 

showed that the effect of stage of lactation at early and dry period and previous mastitis

exposure had significant effect (p<0.05) for the occurrence of Staphylococcal mastitis. 

Whereas, lactation stages at mid and late periods had no significant (P<0.05) effect on the 

occurrence of S. aureus. In the previously infected animals, the Staphylococcal isolates which 

were responsible to the previous infection were not eliminated by the effect of various 

antibiotics which was related to the development of drug resistance by Staphylococci 

organisms. But mainly, mastitis is a complex disease involving interactions of several factors, 

mainly of management, environment, and factors relating to animal and causative organisms.

The questionnaire results on the risk factors of mastitis like age group, pregnancy status, stage 

of lactation and previous mastitis history revealed that they had no effect on methicillin 

(Cefoxitin) resistant Staphylococcus aureus isolation.
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5.5 Antimicrobial susceptibility pattern   

The presence of antibiotic-resistant S. aureus has been reported to negatively affect the 

treatment of its associated infections in humans and animals.  Therefore, it was believed that 

an investigation of the antibiotic-resistance profiles of these isolates may serve as a tool for 

proper drug administration and effective drug choices and also the health risks that humans 

may encounter when infected by antibiotic-resistant strains.

The causes of antibiotic resistance is explained by several authors and reported numerous 

mechanisms of conferring resistance such as: antibiotic-resistant genes, mutation, clonal 

evolution and plasmid transfer, target site alteration of ribosome, metabolic pathway 

alteration, efflux pumps and enzymatic cleavage of antibiotics (Jayaraman, 2009; Malhotra-

Kumar et al., 2010). Recently, Durai et al. (2010) has discussed the causes of these resistance 

as a results of a protein (penicillin-binding protein 2a [PBP2a]).

The observations made in the present study unequivocally proved that S. aureus showed

resistance to all antimicrobials tested except for chloroamphenicol (C30). This shows that the 

existence of alarming level of resistance of S. aureus to almost all commonly used 

antimicrobials in dairy farms and human medicine. In the present study, only three drugs have 

shown less resistant, 0 to 25% of the total isolates tested. These drugs were chloroamphenicol 

(0%), nitrofuration (16.4%) andAmoxicillin-clavulinic acid (18%). The reason why these 

antimicrobials were less resistant might be that they are not used in the study area in veterinary 

services, and even not frequently used perhaps in human medicine. Similar suggestion was 

given by Mekuriaetal. (2013) that the development of antimicrobial resistance is nearly always 

as a result of repeated therapeutic and/or indiscriminate use of them. However, most of the 

isolates were resistant to Streptomycin, other β-lactams and Vancomicin (Macrocyclic 

Peptide). This is due to the fact that not all of the above mentioned drugs are used for 

veterinary cases but it might indicate transfer of resistant strain among environment, livestock 

and human (Mekuriaet al., 2013). The present study showed that the resistance of S. aureus to 

amoxicillin-clavulinic acid (18%), Sulphamethoxazole-trimethoprim (41%), 

Chloroamphenicol (0%), Gentamycin (39.3%) and Clindamycin (73.8%) observed in milk 
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samples. It disagrees with the observation made by Mekuriaetal. (2013) in the case of 

amoxicillin-clavulinic acid (35.7%), Chloroamphenicol (23.8%), Sulphamethoxazole-

trimethoprim (21%), Gentamycin (19%), Clindamycin (16.7%) observed in milk samples 

taken from dairy cows around Addis Ababa and higher than the findings reported by Dakaet 

al.(2012) in Hawassa area. The probable explanation could be that S. aureus strains have the 

capacity to change their resistance behavior to the exposed antimicrobials.

Furthermore, the resistance profile of S. aureus to Clindamycin (73.8%), Bacitracin (72.1%), 

Vancomicin (70.1%) and Ceftazidime (68.9%) in dairy cows was found to be high. This in 

line with Dakaet al. (2012) who reported that the β-lactam drugs to which a large proportion 

of the isolates were resistant. This is due to the fact that resistance of S. aureus to these drugs 

may be attributed to the production of β-lactamase, an enzyme that inactivates pencillin and 

closely related antimicrobial. It is believed that about 50% of mastitis causing S. aureus 

produces β-lactamase (Green and Bradely, 2004). Uncommonly 70.1% of S. aureusisolates 

were found resistant to Vancomicin but in a study conducted in South Africa, 100% of the 

isolates from two commercial farms were susceptible to Vancomicin (Larsen et al., 2000). 

Resistance to Clindamycin (73.8%), Bacitracin (72.1%), and Ceftazidime (68.9%) is thus used 

as a marker to assess the susceptibility of S. aureus isolates against other beta-lactam 

antibiotics.

There are several different combinations of the tested antibiotics which give very huge 

numbers of multidrug resistance patterns by the organism. The drug combinations resisted by 

the isolates contain one up to nine of the antibiotics tested (Table 7).

The most frequent multidrug resistance pattern consisting of three drugs is exhibited for 

gentamicin, ceftazidime and streptomycin with a resistance of 7 (9.46%) of the isolates. It was 

found that almost above 86.46% of the isolates were fond resistant to different combinations 

of two and above tested antibiotics. This result almost comparable the finding of Wubishet et 

al. (2012) who found that (55.5% of the isolates) were resistant to different combinations of 

two of the tested antibiotics and almost 100% of isolates were resistant to two or more than 

two combinations. This multi drug resistance occurred might be due to administration of 
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multiple antibiotics for prophylaxis or infection, discriminate use of antibiotics in the farms 

and another possibility is that cattle are being treated with antibiotics for other conditions,

thereby selecting for resistant populations of S. aureus. Such multi drug resistance may 

apparently be occurred which may ultimately replace the drug sensitive microorganisms from 

antibiotic saturated environment
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6. CONCLUSIONS AND RECOMMENDATIONS

Still the prevalence of mastitis was high both at cow and quarter level in the study area like 

previous reports from different areas in Ethiopia. The isolation of 40.69% S. aureus from the 

infected milk sample shows that S. aureus remains the major role player on the high 

prevalence of mastitis especially for subclinical mastitis. Phonotypical isolation MRSA 

isolates also shows that high prevalence of MRSA in mastitic milk at the study area which 

may present a potential public health risk and MRSA may spread among animals and between 

animals and humans as previously reported by other authors.  Resistance of MRSA to multiple 

antibiotics is a more realistic risk to animal and public health if found to cause invasive 

diseases other than MRSA.

The observations made in the present study unequivocally proved that S. aurous showed 

resistance to all antimicrobials tested except for chloroamphenicol (C30). This shows that the 

existence of alarming level of resistance of S. aurous to almost all commonly used 

antimicrobials in dairy farms and human medicine.

A large proportion of the S. aureus isolates obtained were resistant to two or more antibiotic 

combinations.  This indicates that the presence of higher prevalence of multidrug S. aureus in 

dairy cows may result on great risk for consumers and individuals who have contact with 

animals. 

Based on above conclusions the following recommendations are forwarded:

 Extensions packages that increase farmers’ awareness on subclinical mastitis would be 

helpful in mastitis control and improve farmers’ income.

 Therefore, careful monitoring of the resistance status of S. aureus in dairy 

environments is needed, as Staphylococcus aureus transmission is dynamic and 

involves humans, animals, and likely the farm production environment.
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 The high level of MAR S. aureus result in this study and the implications there for 

warrant for further investigation.

 The occurrence of multidrug resistance S. aureus should be under consideration during 

selection of antimicrobials for treatment of mastitis. 
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8. APPENDIXES 

Appendix 1: Record sheet for Questionnaire

Serial
number

Anima
l I. d

Farm 
type 

Bree
d 
type

Age 
group

Stage of 
lactatio
n

Pregnancy 
status

Previous 
mastitis 
history

Disinfect
ion used

Mastitis 
type

Appendix 2: Interpretation of CMT findings

Score Interpretation Visible reaction

O Negative Milk fluid normal

T Trace Slight precipitation

1 Weak Distinct precipitation but no gel formation

2 Distinct positive Mixture of thickness with gel formation

3 Strong positive Viscosity greatly increased, strong gel i.e. cohesive 

with a convex surface 

Source: Quinn et al. (2002)
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Appendix 3: Record sheet for laboratory isolation and identification of Staphylococcus 
aurous
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Appendix 4: Differential tests used for identification of Staphylococcus species

Serial

number

Staphylococcus 

species
Haemolysis

Pigment

production
Coagulase 

test

Fermentation of sugar

(MSA) and (PAB)

1 S. aureus + + + + +

2 S. intermidius + _ +
±

±

3 S. hicus _ _ + _ _

4 CNS _ _ _ _ _

+ = 90% or more strains are positive, + = 90% or more strains are weakly positive, - =90% or 

more strains are negative.

Source: Quinn et al. (2002)
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Appendix 5: Culture characteristics of the Staphylococcus organisms on mannitol salt agar 

(MSA) and purple agar base (PAB).

The photos below show culture characteristics of Staphylococcal organisms on mannitol agar
(left) and PAB (right).

Photo 1=un-inoculated (control).                           Photo 4=maltose fermentation (yellow color)

Photo 2= there is growth and fermentation (pink-yellow)         and non-fermented purple color

Photo 3= growth only, no fermentation

Photo 6= drug sensitivity pattern on Muller hinton agar

 Central disc (cefoxitine) resistant (zero inhibition)

 The right and upper parts show susceptibility patter
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Appendix 6: Composition and preparation of media used for the study

Nutrient agar (HiMedia, India)

Nutrient Agar is used for the cultivation of less fastidious microorganisms, can be enriched 

with blood or other biological fluids

Typical formula (composition)                                                                                      

Ingredients    Gms / Litre
Peptic digest of animal tissue 5.00

Sodium chloride                                                                                              5.000

Beef extract 1.500
Yeast extract                                                                                                   1.500

Agar                                                                                                            

15.00

Final pH (at 25°C)                                                                                     

7.4±0.2

Instruction for use:-

Suspend 28 grams in 1000 ml distilled water. Heat to boiling to dissolve the medium 

completely. Dispense as desired and sterilize by autoclaving at 15 lbs pressure (121°C) for 15 

minutes. Mix well before pouring.
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Blood agar (HiMedia, India)

Sheep Blood Agar Base with added sheep blood gives improved haemolytic reactions of 

organisms.

Typical formula (composition)                 

                                                                     

Ingredients    Gms / Litre

Casein enzymic hydrolysate 14.000

Peptic digest of animal tissue 4.500

Yeast extract                                                                                                   4.500

Sodium chloride 5.000

Agar 12.500

Final pH (at 25°C) 7.3±0.2

Instruction for use:-

Suspend 40.5 grams in 1000 ml distilled water. Heat to boiling to dissolve the medium 

completely. Sterilize by autoclaving at 15 lbs pressure (121°C) for 15 minutes. Cool to 45-

50°C and aseptically add 7% sterile sheep blood. Mix well and pour into sterile Petri plates.
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Mannitol salt agar (Oxoid, England)

Typical formula (composition)

Ingredients    Gms / Litre

Lab-Lemco’powder 1.0

Peptone 10.0

Mannitol 10.0

Sodium chloride 75.0

Phenol Red 0.025

Agar 15.0

Final PH 7.5 + 0.2 at 250C

Instructions for use:-

Suspend111g in 1 litre distilled water and bring to the boil to dissolve completely. Sterilize by

autoclaving at 1210C for15 minutes. Mix well before pouring. Into sterile petri -dishes.

Purple agar base (Difco, France)

Typical formula (composition)

Ingredients                                                                                Gms / Litre

Proteose pepton  10.0

Beef extract 1.0

Sodium chlorid 5.0

Bromcresol Purple 0.02

Agar 15.0

Final PH  6.8 + 0.2 at 250C
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Instructions for use:

Suspend 31g of the powder in 1 litre of purified water. Mix thoroughly. Heat with frequent

agitation and boil for 1 minute to completely dissolve the powder. Autoclave at 1210C for 15

minutes. When preparing 0.5-1% carbohydrate fermentation, agar dissolves 5-10g of the

desired carbohydrate in the basal medium prior to sterilization by autoclaving

Brain heart infusion broth (Oxoid, England)

A highly nutritious infusion medium recommended for the cultivation of streptococci, 

Neisseria and other fastidious organisms.

Typical formula (composition)

Instructions for use:-

Dissolve 37g in 1 litre of distilled water. Mix well and distribute into final containers. Sterilize 
by autoclaving at 121°C for 15 minutes.

Ingredients gm/litre

Brain infusion solids

12.5

Beef heart infusion solids 5.0

Proteose peptone 10.0

Glucose 2.0

Sodium chloride 5.0

Disodium phosphate 2.5

pH 7.4 ± 0.2 @ 25°C
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Mueller-hinton agar (Oxoid, England)

An antimicrobial susceptibility testing medium which may be used in internationally 

recognized standard procedures.

Typical formula (composition)

Ingredients gm/litre 

Beef, dehydrated infusion from 300.0 

Casein hydrolysate 17.5 

Starch 1.5 

Agar 17.0 

pH 7.3 ± 0.1 @ 25°C

Instructions for use:-

Add 38g to 1 litre of distilled water. Bring to the boil to dissolve the medium completely. 

Sterilise by autoclaving at 121°C for 15 minutes.
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Appendix 7: Flow chart followed for Staphylococcus aurous isolation (protocol) 

Milk samples collection (CMT and Clinical positive (25ml))

▼

0.01ml of milk (loopful of milk) streaked on blood agar plate with 7% sheep blood

▼

Haemolysis, colony characterization observation

▼

Gram’s staining (banch of grapes with cocci)

▼

Biochemical tests for confirmation

▼

Catalase test-3% H2O2 (positive)

▼

Oxidase(negative)

▼

Inoculate colonies on MSA and incubate at 370C for 24-48 hours, growth and change in the

PH of the medium is confirmative for Staphylococcus classified as highly fermentative (S.

aureus), weakly fermentative (S. intermidius) and non fermentative (S. hicus and CNS)

▼

Coagulase test to identify the most pathogenic CPS (S. aureus, S. intermidius and S. hicus)

from CNS

▼

Inoculate CPS isolates on PAB media plate with 1% of maltose and incubate at 370C for 24-

48 hours to differentiate the pathogenic staphylococci, particularly the coagulase-positive

isolate. The identification was based on the fact that S. aureus rapidly ferment maltose to

change the medium and colonies to yellow. S. intermedius gives a weak or delayed reaction

and S. hicus did not ferment maltose.
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Appendix 8: Antimicrobial sensitivity interpretation chart

Antimicrobial agent 

(symbol)

Disc 

content 

Zone diameter ,Nearest 

whole mm

Equivalent MIC break 

points(µg/ml)

S I R S I R

Cefoxitin (Fax) 30 µg ≥22 _ ≤21 ≤4 _ ≥8

Amoxicillin-

clavulinic acid 

(AMC)

20/10 µg ≥20 _ ≤19 ≤4/2 _ ≥8/4

Ceftazidime (CAZ) 30 µg ≥18 15-17 ≤14 ≤8 16 ≥32

Clindamycin (DA) 10µg ≥21 15-20 ≤14 ≤0.5 1-2 ≥4

Vancomicin (VA) 30 µg ≥12 10_11 ≤9 ≤2 4-8 ≥16

Gentamycin (CN) 10 µg ≥15 13-14 ≤12 ≤4 8 ≥16

Streptomycin (S) 10 µg ≥15 12-14 ≤11 - - -

Ciprofloxacin (CIP) 5 µg ≥21 16-20 ≤15 ≤1 2 ≥4

Sulphamethoxazole-

trimethoprim (SXT)

23.75/1.2 ≥16 11-15 ≤10 ≤38/2 - ≥76/4

Bacitracin (B) 10 µg ≥13 9-12 8 - - -

Nitrofuration (F) 300 µg ≥17 15-16 ≤14 ≤32 16 ≥128

Chloroamphenicol 

(C)

30 µg ≥18 13-17 ≤12 ≤8 16 ≥32

Source: - Quinn et al. (2002) and CLSI, (2012)
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Appendix 9: Map of the study area

                                     Study area (Selale)
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