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ABSTRACT 

This study was carried out between March 2016 and August 2016 to estimate prevalence of 
mastitis, identify associated risk factors, to identify and isolate causative bacterial pathogens 
and to assess their antibiotic sensitivity patterns in smallholder dairy farms at Basona 
Warana district around Debre Berhan, North Shewa Zone, Ethiopia. Purposive sampling was 
followed to select the study area, Basona Warana district, based on its dairy potential and 
infrastructure facilities. Simple random sampling technique was used to select dairy farms. 
Accordingly, among 1500 smallholder dairy farms in the study area, 187 smallholder dairy 
farms were selected based on the list of the farmers from the dairy cooperatives of the district. 
A total of 187 herds were examined, of which 79.7% [95% CI: 73.9% - 87.4%] herds had 
mastitis, in which 10.7% and69% had clinical and subclinical mastitis, respectively. A total of 
403 lactating cross breed lactating cows were selected and examined by physical examination 
of udder and milk and using California Mastitis Test (CMT). Out of the total examined cows 
73.2% [95%CI: 68.2%-78.3%] had mastitis, of which 26% and 67.2% had clinical and 
subclinical mastitis, respectively. Out of 1612 examined quarters, 47.6% [95%CI: 44-51.2] 
quarters were mastitis positive, in which 21.7%, 47.6% and were clinical and subclinically 
positive, respectively. From the total examined quarters 1.1 % quarters [95%CI: 0.6-1.7] 
were blind teat. Association of bovine mastitis with different risk factors was checked using 
logistic regression model. The multivariable analysis revealed that the odds of being infected 
with mastitis were higher in cow with large parity number (OR=1.8) than cows with low 
parity number. The multivariable analysis also showed the odds of acquiring mastitis was 
higher in cows those washed every day (OR= 4.9) than cows washed with long gap and the 
risk of the disease was higher in cows with >3 lactating cow per herd (OR= 1.8) than cows 
with <3 lactating cow per herd. The predominant bacteria isolated were Staphylococcus spp 
71.1% followed by Streptococcus spp 23% while E. coli 2.9% was the least isolates. The 
antimicrobial sensitivity test result showed that most of the isolated bacteria were found to be 
sensitive to Gentamicine, Kanamayacin, Streptomycin, Erythromycin and Penicillin G. 
Nevertheless, the isolates were resistant to Amoxicillin. The present study shows subclinical 
form of mastitis is highly prevalent in the study area. Stage of lactation, frequency of cow 
washing and number of lactating cow per herd were risk for mastitis. Staphylococcus spp 
were the most dominant isolates followed by streptococcus spp. Hence, attention should be 
given at later lactation by using dry cow therapy, proper washing and drying of cows and 
handling manageable size of herds and appropriate use of antimicrobial drugs could reduce 
the high prevalence mastitis in the study area.   
  
Keywords: Antimicrobial Sensitivity, Bovine mastitis, North Shewa zone, Prevalence, Risk 

factors 
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1. INTRODUCTION 

Ethiopian economy depends on agriculture. Agriculture has two subsectors: livestock and 

crop production. The livestock sector alone contributes about 16.5% of the national Gross 

Domestic Product (GDP) and 35.6% of the agricultural GDP (Metaferia et al., 2011), 15% of 

export earnings and 30% of agricultural employment (Behnke, 2010).The cattle population in 

Ethiopia estimated to be about 56.71 million(CSA, 2015). Out of this total cattle 

population, the female cattle constitute about 55.45 percent. Dairy-cows are estimated 

around 6.5 million (11.46%) and milking-cows are about 11.4 million (20.07%) heads of the 

total female cattle population. The population of cross and exotic breeds accounted about 

1.19% and 0.14% respectively (CSA, 2015). 

 

The increase in human population, accessibility to technological input and high demand for 

animal product purchasing power in urban center had helped the urban and per-urban dairy 

farm in the country to flourish (Yoseph et al., 2000). Even though Ethiopia has huge number 

of livestock, the productivity has always been sub-optimal due to low genetic potential of the 

animals, poor nutrition and prevailing diseases (Belayneh et al., 2013). Among the diseases, 

mastitis is one of the most important problems of dairy cattle causing huge economic losses to 

the dairy industry. Mastitis is an inflammation of the mammary gland and commonly 

associated with intramammary bacterial infection. Mammary infections are divided into two 

categories, clinical and sub-clinical. The most important changes in many clinical cases are 

changes in the milk include discoloration and the presence of clots. There is swelling, heat, 

pain and edema in the mammary gland (Radostits et al., 2007). Sub-clinical mastitis is 

described as the presence of an infection without visually evident sign of local inflammation 

or systemic involvement (Erskine, 2011).  

The prevalence of bovine mastitis is influenced by a number of different risk factors, which 

includes animal, environmental and pathogen risk factors.  The animal risk factors include 

age, parity, stage of lactation, morphology and physical condition of udder and teat and breed. 

The environmental risk factors are quality and management of housing, milking practice and 
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season of the year. Whereas, the pathogen risk factors are viability of pathogens, virulence 

factors, colonizing ability and types of toxins of the pathogens (Radostits et al., 2007). 

A number of pathogens are reported to be the cause of mastitis in dairy cows of which 

bacterial agents are the most common one (Bradley, 2002). The  most commonly incriminated 

and reported pathogens of mastitis in different parts of Ethiopia with different rate include, 

Staphylococcus aureus, Cogulase negative staphylococci, Streptococcus agalactiae, 

Streptococcus dysagalactia, Streptococcus uberis, Escherichia coli, Pseudomonas 

aeroginosa, Actinomyces pyogenes, Corynebacterium bovis, Enterococcus fecalis, Klebsiella 

pneumonia, Bacillus spp. and Micrococcus spp. (Adane et al., 2012; Belayneh et al., 2013; 

Duguma et al., 2014; Degn et al., 2015; Demeke et al., 2016).  

In Ethiopia, the prevalence of the mastitis has been reported in different parts of the country. 

The association of clinical and subclinical forms of the disease with different risk factors was 

described. Age, stage of lactation, breed, udder hygiene, parity, milking practice, teat injury 

and history of previous mastitis were some of the risk factors that contribute for the 

occurrence the disease (Mekibib et al., 2010; Moges et al., 2011; Girma et al., 2012; 

Zeryehun et al., 2013; Tilahun and Aylate, 2015; Mokonen et al., 2016).  

Dairy cattle affected with clinical and subclinical mastitis are routinely treated with 

antimicrobials (Arestrup, 2005). However, inappropriate and over-use of antibiotics to treat 

microbial infections and consequent antibiotic selection pressure are the major factors 

contributing for the reduction of strains susceptibility to antibiotics (WHO, 2012). Thus, 

antibiotic sensitivity test is important to isolate resistant strains of pathogens.  

North Shewa Zone is a high potential cereal-livestock area, where dairy activities play a 

significant role in the livelihood of farmers. It is a potential dairy production area within the 

Addis Ababa milk-shed. The area is also supplying a considerable volume of milk to 

government and private milk processing plants. Considering its potential and the economic 

significance of dairy production to the local community repeated efforts has been performed 

by governmental and non-governmental aid organizations to improve the dairy production and 

productivity (Argaw and Tolosa, 2008). However, in the study area, mastitis is the one 
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causing huge economic loss to the dairy sector as farmers' reports ascertain. The information 

on the prevalence of mastitis and associated risk factors and causative pathogens in the study 

area is limited.  

Therefore, the main aim of this study was: 

 to estimate the prevalence of bovine mastitis, its potential risk factors and causative 

pathogens in small holder dairy farms around Debre Berhan.  

The specific objectives of: 

 To estimate the prevalence of clinical and sub clinical mastitis in lactating cows at 

herd and cow  

 To assess the associated risk factors at cow level  

 To isolate and identify the predominant causative bacterial pathogens 

 To asses antibiotic sensitivity of isolated pathogens  
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2. LITERATURE REVIEW 
2.2. The Disease  

Mastitis is inflammation of the parenchyma of the mammary gland, which can result from 

exposure to a variety of infectious agents. Mammary infections can be divided into two forms, 

clinical and (sub) clinical. The most important changes in many clinical cases are changes in 

the milk include discoloration and the presence of clots. There is swelling, heat, pain and 

edema in the mammary gland (Radostits et al., 2007). While, in cases of sub-clinical mastitis 

are described as the presence of an infection without visually evident sign of local 

inflammation or systemic involvement (Erskine, 2011). According to Radostits et al. (2007) 

bovine mastitis classified based on causative agent into three types. Which are: -  

Contagious mastitis:  that is caused by pathogens mostly live inside udders or on teat skin 

and are spread either by splashes of infected milk or sprays during stripping, on milkers’ 

hands or teat cup liners, and by cross flow of milk between teatcups. 

 

Opportunistic mastitis: that is due to normal teat skin inhabitants and cause mastitis. 

 

Environmental mastitis: is caused by those pathogens usually present in the cow's 

environment and reach the teat from that source.  

Faull and Hughes (1985), classified mastitis based on the degree of inflammation in to: 

Normal quarter: is a quarter with no pathogens and few SCC (neutrophils) in the milk and 

which feels normal. 

 

Subclinical mastitis:  is a quarter with pathogens and many SCC (neutrophils) in the milk, 

but the milk looks normal and the quarter feels normal. 

 

Clinical mastitis:  is further classified in to:  
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Per acute mastitis:  is the most serious form of mastitis, which most often endangers the life 

of the animal. The affected animal shows a very high temperature, remain off feed and show 

respiratory distress. The udder is swollen and extremely painful. There is cassation of milk 

secretion and exudates are often blood stained.  

Acute mastitis:  in this case systemic reactions are slight to moderate. The udder becomes 

swelled and there is change in the milk. 

Sub-acute mastitis:  in which variable changes in the milk but practically no changes in the 

udder tissues. Culture of milk will show presence of pathogenic bacteria. 

Chronic mastitis:  is the terminal stage of the disease. Udder becomes hard due to fibrosis. 

2.2.1. Aetiology 

A large number of microorganisms have been reported to cause bovine mastitis. Most of those 

are bacteria, but fungi and algae may also cause mastitis problems in some herds or regions. 

The most common udder pathogens are Staphylococci (S. aureus and several Coagulase-

negative staphylococcal species (CNS), Streptococci (S. agalactiae, S.  dysgalactiae, S. 

uberis) and Coliforms (E. coli, Klebsiella spp), even though other pathogens, e.g. M. bovis, 

may cause problems in some regions (NMC, 2011). These pathogens have been further 

classified based on their epidemiology and pathophysiology, as contagious, teat skin 

opportunistic or environmental mastitis pathogens (Radostits et al., 2007). 

2.2.1.1. Contagious mastitis pathogens  

There are many contagious mastitis pathogens. The most common are S. aureus and S. 

agalactiae. M. bovis is a less common cause of contagious mastitis; it causes outbreaks of 

clinical mastitis that do not respond to therapy and are difficult to control. Most outbreaks of 

M. bovis are associated with recent introductions of new animals into the herd (Radostits et al. 

(2007).  
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2.2.1.2. Teat skin opportunistic mastitis pathogens 

They are bacterial pathogens that normally reside on the teat skin.  They have the ability to 

create an intramammary infection via ascending infection through the streak canal. 

Accordingly, their epidemiology of infections differs from those of contagious and 

environmental pathogens, and it is useful to consider them in a separate category. Coagulase-

negative staphylococci are the most common teat skin opportunistic mastitis pathogens 

(Radostits et al., 2007). 

2.2.1.3.  Environmental mastitis pathogens 

Environmental mastitis pathogens are associated with three main groups of pathogens, the 

coliforms particularly E. coli and Klebsiella spp., non-agalacctiae Streptococcus spp. and A. 

pyogenes (new name Trueperella pyogenes). Coliform organisms are a common cause of 

clinical mastitis; occasionally in a severe peracute form. The most prevalent species are S. 

uberis and S. dysgalactiae. A. pyogenes is an important seasonal cause of mastitis in dry cows 

and late pregnant heifers in some parts of the world.  Bacterial species associated with bovine 

mastitis are also categorized in to major and minor pathogens (Rainard and Poutrel, 1988; 

Radostits et al., 2007). 

Major pathogens are causes most severe cases of clinical mastitis. Which includes S. 

agalactiae, S. aureus, M. bovis, S. uberis, S. dysgalactiae, Streptococcus equinus, 

Streptococcus bovis, E. coli, Klebsiella spp,  Ellterobacter spp. and A. pyogenes. Minor 

pathogens are causes of subclinical mastitis and less frequently cause clinical mastitis. They 

include the Coagulase negative Staphylococcus spp. such as Staphylococcus hyicus and 

Staphylococcus chromogene (Radostits et al., 2007).  

Uncommon mastitis pathogens that causes sporadic mastitis and usually affects only one cow 

or a few cows in the herd, includes Nocardia asteroides, Nocardia brasiliensis and Nocardia 

jarcinica, Histophilus somni, Pasteurella multocida, Mallnheimia haemolytica, 

Campylobacter jejuni and other Gram-negative bacteria including Citrobacter spp., 

Leptospira spp., Enterococcus jaecalis, Enterococcus jaecium, Proteus spp, and Serratia spp. 

http://www.vetbact.org/vetbact/index.php?artid=1�
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Anaerobic bacteria have been isolated from cases of mastitis, usually in association with other 

facultative bacteria, e.g. Peptostreptococcus indolicus, Prcvotella melaninogenica (formerly 

Bacteroides melaninogenicus), Eubacterium combesii, Clostridium sporogenes and 

Fusobacterium necrophorum. Fungal infections include Trichosporon spp., Aspergillus 

jumigatus, Aspergillus nidulans and Pichia spp.; yeast infections include Candida 

spp.,Cryptococcus neojormans, Saccharomyces spp. and Torulopsis spp. Algal infections 

include Prototheca trispora and Protothcca zopfii (Radostits et al., 2007). 

However, some viral diseases like Pseudocowpox, Herpes Mamillitis, Cowpox, Papilloma, 

Foot-and-Mouth disease and Vesicular Stomatitis affecting the epithelium of the teat orifice 

are mentioned to result in or predispose to mastitis (Hillerton et al., 2001).  

2.1.2. Epidemiology of mastitis  

2.2.1.4. Source of Infection 

The source is the infected glands of other cows in the herd; however, the hands of milkers can 

act as a source in contagious pathogens. The exposure of uninfected quarters to environmental 

pathogens can occur at any time during the life of the cow, including milking time, between 

milking, during the dry period and prior to first calving in heifers. The source of 

environmental pathogens is the environment of the cow. Examples include wet bedding, dirty 

lots, milking wet udders, inadequate pre milking udder and teat preparation, housing systems 

that allow teat injuries, and poor fly control (Faull and Hughes, 1985). 

2.2.1.5. Methods of Transmission 

Infection of each mammary gland occurs via the teat canal, the infection originating from 

either an infected udder or the environment in dairy cattle. The infection originating from 

infected udders is transmitted to the teat skin of other cows by milking machine liners, 

milkers' hands, wash cloths and any other material that can act as an inert carrier (Radostits et 

al., 2000). 
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2.2.2. Risk Factors  

Mastitis is a disease influenced by many factors. Microorganisms are responsible for the 

infection, but for them to enter the mammary glands and establish themselves to the point that 

they cause an infection, a multitude of factors may be involved (e.g. hygiene, housing, 

climate, milking machines, feed and genetics) simultaneously. It is even more difficult to 

generalize about the relative importance of each one, as certain factors affect certain 

microorganisms. 

2.2.1.6. Animal risk factors 

Age and parity 

The prevalence of infected quarters increases with age, peaking at year 7 (Radostitis et al., 

2000; Radostits et al., 2007). This might be due to older cows have largest teats and more 

relaxed sphincter muscles, which increase the accessibility of infectious agent in the cows’ 

udder. However, contradicted result was reported that the prevalence of mastitis was higher in 

adult cows compared with old cows may be due to bad hygienic condition during calving 

(Elbably et al., 2013). Cows with many calves were at greater risk than those of cows having 

moderate and few calves. This is probably due to the increased opportunity of infection with 

time and the prolonged duration of infection, especially in a herd without a mastitis control 

program (Elbably et al., 2013).  

Stage of lactation 

Prevalence of clinical mastitis was lower in cow with later lactation. Most new infections 

occur during the early part of the dry period and in the first 2 months of lactation, especially 

with the environmental pathogens (Radostits et al., 2000).  .  

Breed 

A variety of morphological, physiological and immunological factors contributes to a cow's 

resistance or susceptibility to mastitis, and each of these factors is influenced to some extent 
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by heredity. The incidence of mastitis is greater in Holstein-Friesians than in Jerseys, but this 

may reflect differences in management rather than a true genetic difference. Valid 

comparisons between breeds have not been reported so far (Radostits et al., 2000).  Some 

authors reported no significant difference between different breeds of cow (Rahman et al., 

2009; Islam et al., 2010; Hussain et al., 2012). 

Morphology of udder and teat 

High milking rate and large teat canal diameter have been associated with increased SCC or 

risk of intramammary infection. Decreasing teat-end-to floor distance is also a risk factor for 

clinical mastitis and may be associated with an increased incidence of teat lesions. Per 

parturient udder edema may also be a risk factor for clinical mastitis (Radostits et al., 2000). 

Dimitar and Metodija, (2012) reported that cows with inverted teat end shape have a higher 

incidence of mastitis than cows with small round and pointed teat end shape but there was no 

associated with decreasing teat end to floor distance and increased incidence of clinical 

mastitis. Hussain et al. (2012) also reported that the higher prevalence of mastitis was in cattle 

having round and pendulous udder. It may be due to the reason that long and pendulous udder 

gets injuries and helps the pathogens to grow. 

Physical condition of teat 

The teat end is the first barrier against invading pathogens, and the efficiency of teat defense 

mechanisms depends on the integrity of teat tissue; its impairment leads to an increase in the 

risk of intramammary infection. Teat thickness is an aid to evaluating teat tissue status. 

Milking machine characteristics can induce a decrease or increase in teat thickness after 

milking compared with premilking values. Increases in teat thickness of more than 5% are 

significantly associated with infection and new infection, but the association was not 

significant when teat thickness decreased by more than 5 %. Coagulase-negative 

staphylococcal infections are significantly associated with both increases and decreases in teat 

thickness numerically greater than 5%, but there is no association between teat thickness and 

S. aureus infections (Radostits et al., 2000). 
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Quarters with moderate and very severe hyperkeratosis of the teat-end were at significantly 

increased risk of clinical E. coli mastitis (Breen et al., 2009). Hussain et al. (2012) report that 

different teat and udder lesions udder edema was an important risk factor for mastitis which 

may impairs milk removal. The use of oxytocin may have been linked to the opening of teat 

orifice which remains open for longer time and the teat muscles remain in relaxed position 

thus enabling the easy entry of pathogens to the udder eventually leading to mastitis (Hussain 

et al., 2012). 

 

Udder hygiene 

Dirty udders are associated with increased SCC and an increased prevalence of intramammary 

infection due to contagious pathogens, but surprisingly are not associated with intramammary 

infections due to environmental pathogens (Breen et al., 2009).  

Nutritional status 

Vitamin E, vitamin A and selenium may be involved in resistance to certain types of mastitis. 

Early reports found that supplementation with antioxidants such as selenium and vitamin E 

had a beneficial effect on udder health in dairy cattle by decreasing the incidence and duration 

of clinical mastitis. An increase in selenium concentration in whole blood was associated with 

a decrease in all infections, including S. aureus, A. pyogenes, and S. Bovis (Radostits et al., 

2000). 

Trace minerals and vitamins that can influence udder health include selenium (Se) and 

vitamin E, copper, zinc, and Vitamin A and β-carotene. 

 

Table 1. Antioxidant systems of mammalian cells 

Component (location in cell) Nutrients 
Involved 

Function 

Superoxide dismutase (cytosol) Copper 
and zinc 

An enzyme that converts superoxide to 
hydrogen peroxide 
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Superoxidedismutase 
(mitochondria) 

Manganese 
and zinc 

An enzyme that converts superoxide to 
hydrogen peroxide 

Ceruloplasmin Copper An antioxidant protein, may prevent  copper 
from participating in oxidation reactions 

Glutathione peroxidase (cytosol) Selenium An enzyme that converts hydrogen peroxide 
to water 

Catalase (cytosol) Iron An enzyme (primarily in liver) that converts 
hydrogen peroxide to water 

α-tocopherol (membranes) Vitamin E Breaks fatty acid peroxidation chain reactions 

β-carotene (membranes) 

 

β -carotene Prevents initiation of fatty acid peroxidation 
chain reactions 

 
Source: National Mastitis Council Annual Meeting Proceedings (2002) 

Doherr et al. (2007) reported that nutritional and associated metabolic products are risk 

factors for the occurrence of subclinical mastitis in organic producing farm not in commercial 

producing farm. That is related with increased milk urea concentrations. Use of mineral 

supplements was associated with an enhanced risk for subclinical mastitis but there are no 

obvious explanations why this was only true in organic producing farm but not in commercial 

producing farm. 

Milk yield 

High milk yielding cows are generally considered to be more susceptible to intramammary 

infection because in the high-yielding cows the glandular tissues are more susceptible to 

infection (Radostits et al., 2000; Rahman et al., 2009; Islam et al., 2010; Hussain et al., 

2012). 
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Other concurrent diseases 

Retained placentas, teat injuries, infected uterine discharge and teat sores might be associated 

with a higher incidence of mastitis (Peeler et al., 1994; Radostits et al., 2000). Sole ulceration 

of any severity occurring in more than one digit has been associated with an approximately 

three fold higher risk of S. aureus infections in the first lactation. Cows with a history of 

mastitis in the preceding lactation are twice as susceptible to clinical mastitis in the current 

lactation as those without mastitis in the preceding lactation (Radostits et al., 2000). Cow gets 

infected or diseased during the periparturient period and becomes more susceptible to udder 

infection due to lowered immunity (Nickerson, 1994; Peeler et al., 1994; Rahman et al., 

2009). Milk fever is another concurrent disease occurred with mastitis. In milk fever, low 

level of calcium decreases the rigidity of the teat sphincter that perhaps allows the organism to 

pass into the udder. Calcium ions are necessary for muscle constriction (Paape and Guidry, 

1993).  

2.2.1.7. Environmental and management risk factors 

Radostits et al. (2000) explain quality and management of housing factors such as climate, 

housing system, type of bedding and rainfall interact to influence the degree of exposure of 

teat ends to mastitis pathogens. Because dairy cattle spend 40-65% of their time lying down, 

the quality and management of housing for dairy cattle has a major influence on the types of 

mastitis pathogen that infect the mammary gland, as well as the degree of infection pressure. 

Housing lactating cattle on sawdust leads to intramammary infection. Those cows housing on 

sawdust are infected six times more with Klebsiella bacteria and twice as much coliform on 

the teat ends compared to housing cattle on sand. Any housing factor or management system 

that allows cows to become dirty or damage teats or that causes overcrowding will result in an 

increase in clinical mastitis. This includes the small size of stalls and alleyways, difficult of 

movement of cattle, poor cleaning system, overcrowding, poor ventilation, access to dirty 

ponds of water and muddy areas. Lack of maintenance of strict hygiene and good sanitary 

environment may be a contributory factor in the cause of mastitis (Rahman et al., 2009; 

Elbably et al., 2013). 
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Milking practices 

Wet teats and udders are a risk factor for increased SCC, especially in the presence of teat 

impacts from liner slippage. Increasing person-hours spent milking per cow may be associated 

with a higher rate of clinical mastitis.  Contaminated milking equipment including milk hoses, 

udder wash towels and teat dip products are associated with outbreaks of environmental 

mastitis (Radostits et al., 2000). The infection usually spread from cow to cow at milking if 

the milking hygiene is not good enough (Haltia et al., 2006).Use of udder towels for more 

than one cow was found to be associated with a higher prevalence of contagious pathogens 

(Plozza et al., 2011). 

Season of year 

The relationship between the incidence of mastitis and season of the year is variable, 

depending on geographical and climatic conditions. In subtropical and tropical areas, the 

incidence is higher during winter or spring calving from the increase in infection pressure 

which associated with increased humidity. In temperate climates, the incidence of mastitis is 

higher in autumn and winter, when calving occurs along with an extended period of housing 

(Radostits et al., 2000). Rahaman et al. (2009) also reported that the prevalence of mastitis 

higher in wet than in dry season. Others reported that the frequency of mastitis is higher 

during summer season followed by winter and spring possibly due to exposure of teats to a 

dirty environment, and teat lesions resulting from various causes, probably resulted in the 

increased intramammary infections (Elbably et al., 2013). 

2.2.1.8. Pathogen risk factors 

Different pathogen risk factors contribute for the occurrence of bovine mastitis. This includes 

viability of the pathogen, virulence factors, colonization ability and toxins. Potential virulence 

factors that are produced by mastitis causative pathogens include lipopolysaccharide 

endotoxin (by E. coli), enterotoxins, coagulase, alpha, beta, delta toxins, hemolysin, 

hyaluronidase and leukocidins (by S. aureus) and hyaluronidase and the hyaluronic (by S. 

uberis) (Radostits et al., 2000). 
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2.2.2. Clinical findings of the disease  

The symptoms of bovine mastitis are different based on the type of the disease and the degree 

of inflammation. Mastitis can be with visible symptom or without visible symptom. Mastitis 

with visible symptom is called clinical mastitis. The clinical findings include very high 

temperature, remain off feed, respiratory distress, swollen and extremely painful udder, 

cassation of milk secretion and exudates are often blood stained. Clinical mastitis can be more 

manifested by slight to moderate systemic reactions and swollen udder with milk change. At 

the chronic stage of the disease the adder become hared due to fibrosis (Radostits et al., 

2000).The other forms of mastitis is the invisible type of mastitis called subclinical. In this 

case of mastitis there is no visible symptom on quarter or udder of the cow but an elevation of 

SCC (neutrophils) in the milk and losses in milk yield. Thus, culture of milk will show 

presence of pathogenic bacteria (Faull and Hughes, 1985). 

2.2.3. Diagnosis  

Clinical mastitis is easily recognized by the appearance of abnormal milk, swelling of gland 

and /or illness. Subclinical mastitis seems normal milk and not recognized by visual 

observation. Hence, it requires indirect tests to detect such cases. 

2.2.1.9. Somatic Cell Count (SCC) 

Somatic cell counter is the most commonly used automated device for rapid determination of 

SCC in milk samples. This instrument stains cells with a fluorescent dye and then counts the 

number of fluorescing particles (Schalm et al., 1971). 

SCC is used to detect individual cow and monitor herd problems. Different studies show 

different threshold to quarter and cow (Dohoo and Meek, 1982; Larsen, 2000; Hamann, 

2003). Monitor herd mastitis also has thresholds for milk quality control and these also differ 

between regions (Emanuelson, 1997; Larsen, 2000). Nevertheless, no information is available 

on this particular issue in Ethiopia.   
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2.2.1.10. California Mastitis Test (CMT) 

The California Mastitis Test (CMT) remains the only reliable screening test for subclinical 

mastitis that can be easily used at the cow side (Schalm et al., 1971). The CMT was 

developed to test milk from individual quarters but also been used on composite and bulk 

milk samples. 

The CMT involves mixing and swirling equal parts of bromocresol violet reagent and milk in 

a plastic paddle with a compartment for each quarter (Quinn et al., 1999).The test results are 

interpreted subjectively as either 0 (negative), T (trace), +,++ or +++ based on the viscosity of 

the gel formed by mixing the reagent with the milk (NMC, 1990). 

2.2.1.11. Culture 

Most mastitis control programs include the use of individual cow cultures to determine which 

mastitis pathogens are present on the farm. The microbiological examination of both 

individual cow and bulk tank culture are elements of mastitis control. Culturing can be used in 

a targeted fashion for specific control programs such as segregation plans for contagious 

mastitis or for surveillance to detect the presence of new or emerging pathogen. Culturing is 

also used to evaluate treatment efficacy and to establish susceptibility patterns to aid in the 

development of rational treatment strategies (Larsen, 2000). 

2.2.1.12. Molecular Test of Mastitis  

Polymerase chain reaction (PCR) testing for determination mastitis  

The use of PCR is very basic to many molecular procedures. It is also important to understand 

that the PCR copies the sequences of both living and dead bacteria. Identification of bacterial 

DNA does not ensure that an active bacterial infection is currently present in the mammary 

gland. When molecular methods are used, producers must understand that there are multiple 

sources of bacterial DNA and the utility of the samples will be vastly improved when aseptic 

methods are used to collect the milk samples. Thus, the use of molecular testing for making 

individual cow decisions is not yet well defined. To facilitate decision making, the medical 
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history, microbial culture of the milk and SCC of the cow should be combined with the results 

of the molecular test (Mahmmod et al., 2013). 

Shome et al. (2011) reported that the developed mPCR assay was found to be simple, rapid, 

reliable and specific in species identification of 10 bacteria at a time. This includes S. aureus, 

S. chromogenes, S. epidermidis, S. sciuri, S. haemolyticus, S. simulans, S. agalactiae, S. 

dysgalactiae, S. uberis and E. coli.  

DNA Fingerprinting 

DNA fingerprinting is used to determine individual strains of a bacterial species. There are 

several different methods for comparing the DNA of a bacterial species, but they are all based 

on extraction of bacterial DNA followed by separation of the bacterial DNA into columns 

based on size of specific fragments. Some of the methods include Pulsed Field Gel 

Electrophoresis (PFGE) or Restricted Fragment Length Polymorphism (RFLP). The resulting 

bands of DNA fragments are compared to each other and form the basis for deciding if strains 

are identical, similar or different. Bands that are identical or very similar are considered to be 

the same strain or a slightly different substrain (Zadoks and Schukken, 2006). 

2.2.3. Treatment and control of the disease   

2.2.3.1. Treatment  

Because of the diverse bacterial etiologies of the disease a variety of control methods 

involving hygiene prior to, during and after milking are used to minimize exposure of cows to 

mastitis organisms. Despite these procedures, new cases of mastitis invariably occur and 

antimicrobial therapy plays a role in the control of bovine mastitis (Owens et al., 1997). 

Alekish et al. (2013) reported that S. aureus and E.coli showed higher susceptibility to 

Enrofloxacin, Ciprofloxacin, Gentamycin, and neomycin. S. agalactiae and S. uberis were 

complete susceptibility to different anitbiotics, except S. agalactiae was resistant to 

Lincomycin and Streptomycin and S. uberis to Cloxcillin and Streptomycin (Idriss et al., 

2014).  
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2.2.3.2.  Control  

Mastitis is a complex disease, and there is no simple solution for its control. So understanding 

its occurrence, the related risk factors, and the mastitogenic pathogens involved are 

fundamental elements in developing a control program (FAO, 2014). 

The NMC (national mastitis control council) has developed a 10- points mastitis control 

program for udder health such as, maintain a clean environment, proper milking procedures, 

maintain and use milking equipment properly, manage clinical mastitis during lactation, good 

records keeping, dry cow management program, follow a biosecurity program, monitoring 

udder health status and periodically review mastitis control program 

(http://www.nmconline.org/).  

Efforts have been made to develop a vaccine against mastitis, but neither satisfactory outcome 

have been claimed in the field nor on backyard farms (Poutrel et al., 1988; Leitner et al., 

2000; Leitner et al., 2003; Buzzola et al., 2006; Nour et al., 2006; Chang et al., 2008). It is 

clear that a single vaccine will not prevent mastitis because of the plethora of pathogens and 

their different mechanisms of pathogenesis (Heath, 2011). 

Vaccine against S. aureus developed using varied approaches. These include whole organism 

vaccines (Leitner et al., 2003), DNA vaccine encoding clumping factor A (El-Din et al., 

2006), live attenuated (aroA) S. aureus (Buzzola et al., 2006), capsular polysaccharide (CPS)-

protein conjugate vaccines (Poutrel et al., 1988; Leitner et al., 2000) and recombinant 

S.aureus mutated enterotoxin type C (Chang et al., 2008). 

A new vaccine, Startvac (Hipra), has recently been made available in the market targeting not 

only coliforms but also coagulase-negative staphylococci and S. aureus. J-5Bacterin, also 

known as the E. coli J5 vaccine, is composed of the J5 mutant strain of E. coli. However, no 

vaccines are available in the market against mastitis caused by K. pneumonia (González et al., 

1989; Hogan et al., 1992). 
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2.3. Antimicrobial resistance  
 

Antibiotics are used extensively in the dairy industry to combat disease and to improve animal 

performance. Antibiotics such as Penicillin, Cephalosporin, Streptomycin and Tetracycline 

are used for the treatment and prevention of diseases affecting dairy cows caused by a variety 

of gram-positive and gram-negative bacteria. Antibiotics are often administrated routinely to 

entire herds to prevent mastitis during the dry period. An increase in the incidence of disease 

in a herd generally results in increased use of antimicrobials, which in turn increases the 

potential for antibiotic residues in milk and the potential for increased bacterial resistance to 

antimicrobials (Oliver and Murinda, 2012). In many instances, there are improper uses of 

antimicrobial agents in treatment of mastitis. A single strain may predominate because of the 

antimicrobial resistance, host adaptation or other factors (Leptolainem et al., 2003). 

Antimicrobial resistance has been detected in S. aureus isolates collected from intra mammary 

infection at frequencies which vary widely by compound and region sampled. S. aureus which 

is major pathogen of mastitis are resistance to Penicillin or Ampicillin because of the long 

term use of B-lactam antibiotics in agricultural and health care settings (Kang et al., 2007). 

The S. aureus isolates tested were resistance to penicillin and Ampicillin, but that resistance 

to other compounds such as Tetracycline, Erythromycin and Oxacillin was low, ranging from 

8.5% down to less than 1% (Erskine et al., 2002).  

Antimicrobial susceptibility determined in vitro has been considered as a prerequisite for 

treatment. However, activity in vitro does not guarantee efficacy in vivo when treating bovine 

mastitis. Antimicrobial resistance amongst mastitis pathogens has not yet emerged as a 

clinically relevant issue, but geographical regions may differ in this respect. The biggest 

problem is the widespread resistance of staphylococci, particularly S. aureus, to penicillin G 

(Hendriksen et al., 2008). 
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2.4. Epidemiology of Bovine Mastitis in Ethiopia   

2.4.1. Prevalence of Bovine Mastitis in Ethiopia   

A number of studies have been conducted on bovine mastitis in different dairy farms of 

Ethiopia  earlier (Argaw and Tolosa, 2008; Lakew et al., 2009; Tesfaye et al., 2012; Duguma 

et al., 2014; Biressaw et al., 2015; Belina et al., 2016).  

Table 2. Summery on cross-sectional study with the purpose of estimating the prevalence, 
bacterial pathogens and the associated risk factors of bovine mastitis in different 
dairy farms of  Ethiopia 

Location   No  Over all   
prevalence 
(%) 

Clinical 
(%)  

Sub 
clinical 
(%) 

Authors 

Addis Ababa 2681 40.1 1.2 38.9 Kassa et al.(1999) 
Repi and Debre- Zeit 186 59.7 21.5 38.2 Workineh et al.(2002) 
Sellale  500 24.1 1.8 22.3 Getahun et al. (2008) 
Bahar Dar  302 28.2 3 25.2 Bitew et al. (2010) 
Holeta                                                  107 71 22.4 48.6 Mikibib et al. (2010) 
Batu  278 56.5 5.3 40.6 Duro and Taddele, (2011) 
Gondar 322 32.6 0.93 31.67 Moges et al. (2011) 
Doba  384 23.2 7.3 15.9 Girma et al. (2012) 
Hawassa 183 35.5 4.9 30.6 Moges et al. (2012) 
Addis Ababa  300 65.3 22 42.3 Tadesse and Chanie, (2012) 
Adama  206 48 6.3 41.7 Tesfaye et al. (2012) 
Asella  66 66.6 12.1 54.5 Abera et al. (2013) 
Adama  303 39.5 5.9 33.6 Belayhune et al. (2013) 
Holleta  90 81.1 7.8 73.3 Duguma et al. (2014) 
Areka  384 52.9 9.4 43.5 G/Michael et al.(2013) 
Wolaita Sodo 349 29.5 2.6 26.9 Yohannis and Molla, (2013) 
Addis Ababa 499 74.7 19.6 51.1 Zeryehun et al. (2013) 
Gambella   121 60.33 11.57 48.76 Deng et al. (2015) 
Addis Ababa  444 68 21.2 46.8 Tilahun and Aylate, (2015) 
North Shewa 144 88.9 8.3 80.6 Hailemeskel et al. (2014) 
Arsi  156 42 5.3 36.7 Biressaw and Tesfaye, (2015) 
Dire Dawa 385 53.3 9.1 44.2 Tsegaye et al. (2015) 
Kombolcha  150 56 10 46 Tassew et al. (2016) 
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2.4.2. Bacterial isolates in different dairy farms of Ethiopia   

Variation exists on the type and isolation rate of mastitis pathogens from place to place; the 

most commonly incriminated and reported causes of mastitis in Ethiopia include S. aureus, 

Cogulase negative staphylococci, S. agalactiae, S. dysagalactia, S. uberis, E.coli, P. 

aeroginosa, A. pyogenes, C. bovis, E. fecalis, K. pneumonia, Bacillus spp. and Micrococcus 

spp. (Sori et al., 2005; Lakew et al., 2009; Adane et al., 2012; Girma et al., 2012; Belayneh et 

al., 2013; G/Michael et al., 2013; Yohannis, and Molla, 2013; Zeryehun et al. ,2013; Duguma 

et al., 2014; Zenebe et al., 2014). 

S. aureus were the most frequently isolated pathogens followed by aesculin-positive cocci, S. 

agalactiae, S. dysgalactiae, S. uberis, Klebsiella spp., E.coli and P. aeruginosa (Tolosa et al., 

2015).  

Table 3. Summery on major isolated bacteria in different dairy farms of Ethiopia  

Location   Isolated bacteria 

S. 
aureus 

CNS S. 
agalactia 

S. 
dysgalactia 

S. 
uberis 

E. 
coli 

Authors 

Sebeta  44.9 14.9 3.7  4.5 3 0.8 Sori et al. (2005) 
Selalle  41.5 2 13.7 2.9 9.8 0.5 Getahun et al. (2008) 
Asella  24.1 17.3 12.9 6.8 3.8 7.5 Lakew et al. (2009) 
Bahar Dar  20.3 51.9 8.8 5.1 2.5 2.5 Bitew et al. (2010) 
Ambo  27.6 21.4 12.2 6.1 3 6.1 Araga et al. (2012) 
Doba  35.5 - 19.9 5.8 5.8 5.8 Girma et al. (2012) 
Adama  32.2 23 10.4 3.3 6 3.3 Belayhune et al. (2013) 
Areka  54.4 4.4 1.6 24.8 5.2 0.4 G/Michael et al.(2013) 
Wolaita Sodo 30 13.3 17.8 8.9 - 17.8 Yohannis and Molla, (2013) 
Holleta  43.3 3.9 12.2 7.2 2.8 - Duguma et al. (2014) 

2.4.3. Risk Factors of Bovine Mastitis in Ethiopia dairy farms   

Different researchers reported various risk factors for the occurrence of bovine mastitis in 

different dairy farms of Ethiopia. Age, stage of lactation, breed, udder hygiene, parity, 

milking practice, teat injury and history of previous mastitis are factors that contribute for the 

occurrence of bovine mastitis in Ethiopia dairy farms (Mekibib et al., 2010; Arga et al., 

2012;  Girma et al., 2012; Zeryehun et al., 2013; Tilahun and Aylate, 2015).  
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2.4.3.1. Age and parity  

Girma et al. (2012) reported that the prevalence of mastitis was higher in animals older than 

12 years followed by animals in the age range of 8 to 12 years and lowest in animals younger 

than 8 years. The prevalence of mastitis rose with an increase in parity number (Lakew et al., 

2009; Bitew et al., 2010; Tesfaye et al., 2012; Zerehun et al., 2013). 

2.4.3.2. Lactation stage 

Different studies were also reported that early lactation stage had higher relative prevalence 

than late and mid lactation stage (Bitew et al., 2010; Belayneh et al., 2013; Zeryehun et al., 

2013). However, Girma et al. (2012) reported cows are at higher risk of acquiring mastitis 

when they are in early lactation stage and it was found to decrease as lactation stage 

increased.   

2.4.3.3. Breed  

Bitew et al. (2010) reported that Fogra breeds were genetically controlled physical barriers 

like streak canal sphincter muscle, keratin in the teat canal or shape of teat where pointed teat 

end. In addition to physical barriers could arise from differences in occurrence of mastitis in 

cellular immunity. Lakew et al. (2009) reported that the prevalence of mastitis was higher in 

Holstein-zebu crosses than in indigenous Arsi breeds. Contradicted result reported that blood 

level had no effect on the incidence rates of mastitis in cross bred cows (Arga et al., 2012). 

2.4.3.4. Milking practice  

Cows managed under poor hygienic condition had risk of contracting the disease than those 

managed in good hygienic condition and owners who didn’t use towel before and after 

milking found to have high prevalence of mastitis than owners who used towel (Lakew et al., 

2009; Mekibib et al., 2010; Girma et al., 2012; Zeryehun et al., 2013). Tilahun and Aylate, 

(2015) reported that manual milking methods was the major predisposing factors to increase 

the prevalence of mastitis.  
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2.4.3.5. Previous mastitis history and teat injury  

Different results reported that the occurrence of mastitis was significantly higher in cow with 

in moderately tick infestation, teat injury and previous mastitis history (Lakew et al., 2009; 

Mekibib et al., 2010; Belayneh et al., 2013; Degn et al., 2015).  

2.4.3.6. Type of management  

Reports indicated that the incidence rate of mastitis was higher in cows kept under the 

intensive management system compared to cows under the semi-intensive management 

system (Arga et al., 2012). This could be due to the restricted exercise of animals and the 

transmissions of pathogens from infected cows to other animals were housed together.  

2.5. Antimicrobial sensitivity test in different dairy farms of Ethiopia  

Different antibiotics are using in Ethiopia for the treatment of bovine mastitis. Among those 

antibiotic Gentamycin and Amoxicillin drugs are most widely used in many parts of Ethiopia. 

They are sometimes the only available antibiotics in many veterinary clinics. It might be this 

wide use of these drugs and inappropriate administration which have contributed to the 

development of resistance by the predominant bacterial agents (Girma et al., 2012). 

Various results shows that the antimicrobial sensitivity test of most milk bacterial isolates 

including the major pathogens had multiple but variable resistance pattern (Getahun et al., 

2008; Girma et al., 2012; Abera et al., 2013; Belayneh et al., 2013). Among the isolated 

pathogens, S. aureus and S. epidermidis were more susceptible to Kanamycin and 

Erythromycin and showed strong resistance to Polymixin B (Getahun et al., 2008). 

Girma et al. (2012) reported that among in vitro disc sensitivity tested antibiotics Cloxacillin 

is the most effective drug followed by Gentamycin and Amoxicillin in the study area. While 

other results reported that Gentamaycine, Chloroamphenicol and Kanamaycine were the most 

effective antibiotics (Belayneh et al., 2013; Abera et al., 2013). 
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3. MATERIAL AND METHODS 

3.1. Study Area 

The study was conducted around Debre Berhan at Basona worana districts of North Showa 

Zone of Amhara region. Debre Berhan, the capital town of North Shewa zone, located at 

130km North East of Addis Ababa, the capital of Ethiopia at an elevation of 2,840m.a.s.l. 

Agro-climatically, the zone is divided into Dega (37.4%), Woina Dega (30.1%) and Kola 

(32.5%).Most parts of the district is characterized by cold temperature varies from 6 to 20°C 

(MOA, 1998) and is categorized into Highland (Dega) (>2,300 m.a.s.l) with bimodal rainfall. 

The short rainy seasons are running from March to April whereas the long rainy seasons are 

from June to September. The average annual rainfall ranges from 731 to 1 068 mm. The study 

area is known by its high potential cereal-livestock production system where dairy activities 

play a significant role in the livelihood of farmers. According to CSA (2015) report, the 

annual milk production of North Shewa Zone is about 37,219,833 litters. Zonal agricultural 

office reported there are 14 milk cooperatives in the Zone, of which 6 found in Angolalla 

Tera, 3 found in Debre Berhan and 5 found in Basona Woran.  

 

Figure 1. Map of the study area   
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3.2. Study Population  

The total cattle population of the Zone is estimated to be 1,392,619; of which female accounts 

about 514,097. The Zone has good dairy potential with 16,480 dairy cow and 166,465 milking 

cows.  The study district, Basona worana has total of 186,136 cattle population. Out of which 

6,593 (3.5%) heads of cattle are cross breeds (CSA, 2015). Dairy cows in the study area are 

kept under semi intensive management system. The study population is all smallholder dairy 

farms in the Basona warana district. The study animal was all lactating cross breed cows of 

selected smallholder dairy farms of Basona worana district.    

3.3. Study Design, Sampling Procedure and Sample size 

A cross-sectional study was carried out between March 2016 and August 2016. The study 

area, Basona Warana was selected purposively based on its dairy potential and infrastructure 

facilities. Simple random sampling was carried out to select smallholder dairy farms based on 

the list of the farmers from the dairy cooperatives of the district. Out of 1,500 small holder 

dairy farms 187 smallholder dairy farms were selected. Cluster sampling method was carried 

out to select lactating cows. After selection of the farms all lactating, cows in the selected 

farms were sampled as a study animal. There are two lactating cows on average in each 

smallholder dairy farms. Finally, a total of 403 lactating cross breed cows were sampled. 

The study was conducted through farm inspection, questionnaire survey, animal examination 

and laboratory investigation. Relevant information was included in the questionnaire, which 

were intrinsic factors and extrinsic factors. Of intrinsic factors, parity and stage of lactation 

were included in the questionnaire. Whereas, the management factors were type of housing 

system, flooring type, bedding type, frequency of cleaning the herd, frequency of washing the 

whole body of cow, concentrate feeding, milking mastitis positive cow last, premilking udder 

preparation, use of udder drying towel, use of separate drying towel, washing hand before 

milking, post milking teat dipping, frequency of milking, awareness about sub clinical 

mastitis, type of milking, feeding after milking, number of lactating cow per herd, cow 

hygiene and tick lesion included in the questioner. The selected smallholder dairy farms were 

visited once (when the questionnaire survey, clinical examination and milk sampling were 

done in one visit). 
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3.4. Detection of Mastitis 

Gross abnormalities of the udder like the presence of swelling, pain,  hotness,  disproportional  

symmetry,  fibrosis,  visible injury,  tick  infestation,  atrophy  and  teat  blindness was 

detected by physical examination and were indicative of clinical mastitis. It was also 

recognized based on abnormalities in milk including flakes, clots and watery secretion (Quinn 

et al., 2004 and Radostitis et al., 2007). Cows were considered positive for clinical mastitis, 

when at least one quarter turned out to be positive for clinical mastitis. A herd was considered 

positive for clinical mastitis, when at least one cow in a herd was clinical positive (NMC, 

1990). 

California mastitis test (CMT)  was  carried  out  to  screen  sub-clinical  mastitis  and  for 

selection  of  samples  for  bacterial  culture.  A small amount of milk from each quarter was 

squired into shallow cups in the CMT paddle, an equal amount of 3% CMT reagent was 

added to each cup and mixed well. A gentle circular motion was applied to a mixture in a 

horizontal plane for 15 seconds. The test result was interpreted based on the thickness of the 

gel formed by CMT reagent and milk mixture and scored as negative (0), Trace (T), + (weak 

positive), ++ (distinctive positive), and +++ (strong positive). Quarters with CMT score of 

trace (T) or above were judged as positive. Cows were considered positive for CMT, when at 

least one quarter turned out to be positive for CMT. A herd was considered positive for CMT, 

when at least one cow in a herd was tested positive with CMT (NMC, 1990). 

3.5. Milk Sample Collection and Transportation 

In order to prevent contamination with the many microorganisms present on the skin of cow’s 

flanks, udder and teats, on the hands of the sampler, and in the barn environment, a strict 

aseptic procedures was followed during milk samples collection (Quinn et al., 1994). After 

sample collection, sample containing bottles were labeled and transported in an icebox to 

Debre Berhan University microbiology laboratory. Upon arrival, the samples were stored in a 

refrigerator at 4°C until analyzed.  
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3.6. Bacteriological examination of milk sample 

California mastitis test (CMT) and clinically positive samples were analyzed microbiologically 

using procedures described by Quinn et al. (1999). A loop full of milk sample was inoculated 

into blood agar and MacConkey agar plates and inoculated aerobically at 37°C for 24 to 48 

hours. Identification of the bacteria on blood agar plate was done based on colony 

morphology, haemolysis (type of haemolysis, presence or absence of haemolysis) and staining 

technique. The colonies were sub-cultured on selective media such as, manitol salt agar base 

for differentiation of Staphylococcus. Conventional biochemical tests, catalase and coagulase 

test, were used to differentiate pathogenic bacteria. Catalase test was used to differentiate 

between catalase-positive staphylococci and catalase-negative streptococci. Coagulase test 

was used to distinguish S. aureus from coagulase negative staphylococci. S. agalactiae was 

differentiated from other mastisis causing streptococci by using CAMP test. Gram-negative 

isolates grown on MacConkey agar were identified based on colony characteristics and indole 

test (Quinn et al., 1994; Quinn et al., 1999). 

 

3.7. Antimicrobial Susceptibility Testing 

Isolated pathogens were tested for 6 commercially available antimicrobials using the Kirby-

Bauer disk diffusion method (NCCLS, 2002; Quinn et al., 2004). The following antimicrobial 

discs with their corresponding concentration were used for testing (Himedia Laboratories 

Put.Limited Mumbai, India): Amoxicillin (30μg/disc), Erythromycin (15μg/disc), Gentamicin 

(10μg/disc), Kanamicin (30μg/disc), Streptomycin (10μg/disc) and Penicillin G (10μg/disc). 

Colonies isolated from pure culture were transferred into sterile test tube of 5ml saline and 

suspension was made. The turbidity of the suspension was adjusted by using sterile saline or 

adding more isolated colonies to obtain turbidity visually comparable with that of 0.5 

McFarland standards. Muller-Hilton Agar plate was prepared, and a sterile cotton swab was 

dipped in to the suspensions and swabbed on the whole surface of Muller-Hilton Agar plate. 

The antimicrobial discs were applied on to the surface of the inoculated agar plates using 

sterile forceps aseptically and pressed gently to ensure the complete contact with the agar 

surface. The discs were deposited with centers at least 24 millimeter apart. The plates were 

read 24 hrs after incubation at 37oc under aerobic condition (Quinn et al., 2004). The isolates 
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were classified in accordance with the guideline of the National Committee for Clinical 

Laboratory Standards (NCCLS, 2002) as susceptible, intermediate or resistant for each 

antimicrobial tested according to the manufacturer’s instructions by measuring the diameter of 

the zone of inhibition around the antibiotic disc by using ruler.  

3.8. Data Analysis  

The data collected during the study periods were entered into MS-Excel spread sheet and 

analyzed using SPSS version 20 software. Over all prevalence of bovine mastitis related to 

specific risk factors was determined as the proportion of affected cows out of the total 

examined. Whereas, the prevalence of quarter-level bovine mastitis was determined as the 

proportion of affected quarter(s) out of the total examined quarters (Thrusfield, 2005). The 

overall prevalence of bovine mastitis at cow level was considered as dependent variables. The 

intrinsic and extrinsic factors were considered as independent variables. Of intrinsic factors, 

parity and stage of lactation were included in the questionnaire. Stage of lactation was 

classified into three (the beginning of lactation-  the first three months of lactation period, 

middle of lactation - the next five to seven months period and end of lactation -the last month 

of lactation > 7 month). Whereas, the extrinsic  factors were type of housing system(indoor 

and outdoor), flooring type (soil, concert, stone and wood), bedding type (straw, sawdust, 

shavings wood, sand and no bedding), frequency of cleaning the herd (once a day, twice a 

day, three times a day and other), frequency of washing the whole body of cow (every day,  

every week, 15-30 days,  >30 days and not washed), concentrate feeding (yes or no), milking 

mastitis positive cow last (yes or no), premilking udder preparation (yes or no), use of udder 

drying towel (yes or no), use of separate drying towel (yes or no), washing hand before 

milking (yes or no), post milking teat dipping (yes or no), frequency of milking (once a day, 

twice a day and three times a day), awareness about sub clinical mastitis (yes or no), type of 

milking (Striping or Squeezing), feeding after milking (yes or no), number of lactating cow 

per herd (1-3 and >3), presence of tick lesion (yes or no) and  cow hygiene (poor  or good) 

included in the questionnaire. Based on dairy cow hygiene score card chart a cow was 

considered to have good hygiene, if the cow was score 1and 2 and poor hygiene if the cow 

scored 3 and 4.  The proportion of antibiotic sensitivity test was determined as the proportion 

of sensitive, intermediate or resistant isolates out of the total tested individual bacteria species 
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isolated. While, the cow and management factors were considered as independent variables. 

The associations between dependent and independent variables were tested by logistic 

regression model. And also multicollinearity among independent variables was checked by 

tolerance or VIF. Those risk factors with p< 0.25 during univariate analyses were fitted in a 

multivariable model.  For all the analysis performed, p<0.05 was taken as statistically 

significant (Snedecor and Cochran, 1989).  
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4. RESULT 

4.1. The Overall Prevalence of Mastitis  

Table 4. Prevalence of clinical and sub-clinical mastitis at herd, cow and quarter levels 

 Observation level Clinical mastitis   Sub clinical mastitis  Total  CI  

 No No +ve 

(%) tested   

No CMT 

tested  

CMT +ve 

(%) 

No +ve 

(%) 

 

Herd  187 20(10.7) 187 129(69) 149(79.7) 74% - 87.5% 

Cow  403 24(6) 403 271(67.2) 295(73.2) 68.9  -77.5% 

Quarter  1612 28(1.7) 1566 719(45.9) 747(47.6) 44% - 51.2% 

Note: +ve=positive, CI= confidence interval, CMT=California Mastitis Test and No =number; 

 

From the total examined quarters 1.1% quarters [95% CI: 0.6-1.6], belonging to 16 cows had 

blind teat. From all examined front quarters 44.3% [95% CI: 38.6% - 49%] quarters were 

mastitis positive and 51% [95% CI: 46.1% - 56%] hind quarters were mastitis positive (Table 

5).  

Table 5. Occurrence of clinical mastitis and sub clinical mastitis at front and hind quarters 

Quarters  Clinical 
mastitis  

No quarters 
examined with 
CMT 

Sub clinical 
mastitis  

Total   CI 

Front  11(1.4%) 789 339(42.9%) 350(44.3%) 38.6% - 49% 

Hind  17(2.1%) 777 380(48.9%) 397(51%) 46.1% - 56% 

Total  28(1.7%) 1566 719(45.9%) 747(47.6%) 44% - 51.2% 
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4.2. Risk Factors for Prevalence of Mastitis  

Table 6. Risk factors associated with the occurrence of bovine mastitis  

Factor and category    Mastitis 
No. No. 

+ve(%)  
Univariate analyses  Multivariable analyses 
P-value OR P-value OR(95% CI) 

Intrinsic  factors Category        
Parity       >3 237 162(68.4) 0.009 1.866 0.013 1.817(1.133-2.915) 
                1-3 166 133(80.1)     
Lactation stage >240days/ late 111 72(64.9) 0.049 1.711 0.060 1.675(0.978-2.869) 
 121-240days/mid 134 103(76.9) 0.926 0.974   
  120days/early 158 120(75.9)     

Extrinsic factors  
Housing system In door 65 48(73.8) 0.898 0.961   

 Out door 338 247(73.1)     
Flooring system Soil 120 95(79.2) 0.169 0.822 0.597 0.745(0.252-2.200) 
 Stone 250 175(70) 0.496 1.339 0.882 1.083(0.380-3.085) 
 Concert 33 25(75.8)     
Bedding type No bedding 309 219(70.9) 0.058 1.735 0.831 1.089(0.499-2.374) 
 Straw 94 76(80.9)     
Frequency of cleaning house  
per day 

Once  229 115(67.7) 0.131 1.711 0.324 0.628-4.083 

 Twice  119 97(81.5) 0.607 0.813 0.887 0.389-2.264 
 Three times 55 43(78.2)     
Frequency of washing cow Every day 110 88(80) 0.047 1.787 0.003 4.960(1.723-14.038) 
 15-30 days 68 47(69.1) 0.378 0.500 0.425 1.260(0.084-2.147) 
 Every week 18 16(88.9) 0.101 1.750 0.442 1.260(0.608-2.268) 
 >30 days 207 144(69.6)     
Feeding concentrate  No 105 80(76.2) 0.422 0.809   
 Yes 298 215(72.1)     
Milking order  No   351 255(72.6) 0.517 1.255   
 Yes 52 40(76.9)     
Pre milking udder preparation No   255 182(71.4) 0.277 1.295   

 Yes  148 113(76.4)     
Use of udder drying towel   No   284 199(70.1) 0.030 1.783 0.408 1.671(0.496-5.636) 
 Yes  119 96(80.7)     
Use of separate udder drying 
towel 

No   328 239(72.9) 0.752 1.098   

 Yes  75 56(74.7)     
Washing hand before milking No   227 164(72.2) 0.648 1.110   

 Yes  176 130(74.3)     
Frequency of milking per day Twice 394 288(73.1) 0.754 1.288   

 Once 9 7(77.8)     
Feeding after milking  No   270 189(70) 0.040 1.683 0.264 1.552(0.717-3.360) 
 Yes  133 160(79.7)     
Cow hygiene  Poor 255 162(63.5) 0.025 1.733 0.428 1.797(0.576-3.670) 
 Good 148 133(89.9)     
Udder/teat tick lesion  Yes 97 75(77.3) 0.294 0.750   
 No  306 220(71.9)     
Number of lactating cow per 
herd 

>3 278 194(69.8) 0.022 1.822 0.043 1.797(1.020-3.366) 
<3 125 101(80.8)     

Note: +ve= Positive, OR= Odd Ratio, No = number 
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Cows > 3 parity number had more udder infection (OR=1.8; 95% CI = 1.1-2.9; P = 0.013) 

than cows with < 3 parity number. Frequency of cow washing and number of lactating cow 

per herd are found to be a risk for mastitis. The risk of the disease was more likely occur in 

cows those washed every day (OR= 4.9; 95% CI= 1.7-14; P= 0.003) than cows washed with 

long gap. Herds with > 3 lactating cows were more likely to be affected with mastitis 

(OR=1.8; 95% CI= 1 - 3.2; P= 0.043) than herds with < 3 lactating cows (Table 6).   

4.3. Prevalence of Bacterial Pathogens 

In the present study, a total of 104 quarters milk samples were taken for bacteriological 

examination. Out of the total samples, 18 samples were from clinical positive quarters and 86 

samples were from CMT positive quarters and different bacterial species were isolated. 

Among isolated bacterial species, S. aureus 49% [95%CI: 39.4-58.6] and CNS 22.1% 

[95%CI: 14.1-30.1] and followed by Streptococcus spp (Table 7). 

Table 7. Isolated bacterial and their relative prevalence 

Type of bacteria isolates Clinical  Subclinical  Total  % CI 

S. aureus 11 40 51 49 [39.39-58.61] 

CNS 8 15 23 22.1 [14.13-30.07] 

S. agalactia 4 8 12 11.5 [5.37-17.63] 

S. dysgalactia 2 5 7 6.7 [1.86-11.51] 

S. uberis - 5 5 4.8 [1.39-8.61] 

E. coli 3 - 3 2.9 [0.33-6.13] 

Mixed growth pathogen 3 - 3 2.9 [0.33-6.13] 

Total  28 86 104 100  

Note: CI= Confidence interval, CNS= Coagulase negative staphylococcus  
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4.1. In Vitro Antimicrobial Susceptibility Test Result  

In vitro antimicrobial sensitivity test was done for all isolates and the results of antimicrobial 

sensitivity tests are presented in Table 8. S. aureus were sensitive to Kanamayacin (84%), 

Erythromycin (82%), Gentamicine (75%) and Streptomycin (69%). However, they were 

resistant to Amoxicillin (63%) and Penicillin G (53%). CNS isolate were highly sensitive to 

Erythromycin (91%), Kanamayacin (88%), Gentamycine (87%), Streptomycin (87%) and 

Penicillin G (65%) and highly resistant to Amoxicillin (70%). The present study also 

indicated that S. agalactiae were completely susceptible to Erythromycin and Kanamayacin 

(100% to each) and highly sensitive to Gentamycine (83%), Streptomycin (83%) and 

Penicillin G (67%). But the isolates were resistant to Amoxicillin (75%). S. dysgalactiae have 

been found to show a complete sensitivity to Erythromycin, Gentamycine, Kanamayacin, 

Penicillin G and Streptomycin the (100 % to each) but resistant to Amoxicillin (84%). S. 

uberis were completely sensitive to Erythromycin, Gentamycine, Kanamayacin and 

Streptomycin (100%to each) and highly sensitive to Penicillin G (80%).  However, they were 

resistant to Amoxicillin (60%). E. coli was completely sensitive to Gentamycine and 

Streptomycin (100% each) and also highly sensitive to Erythromyci and Kanamayacin (67% 

each), but resistant to Amoxicillin (100%) and Penicillin G (67%). 

In this study, most isolated pathogens are sensitive to Gentamicine (91%), Streptomycin 

(89%), Kanamayacin (88%), Penicillin G (74%) and Erythromycin (66%) but most of isolated 

pathogens are resistant to Amoxicillin (76%). 
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Table 8. Kirby Bauer disk diffusion method in vitro antimicrobial susceptibility test result  

  AMC30μg E15μg GEN10μg K30μg PG10μg S10μg 
Bacteria 
isolated 

No 
isolated  

R  
% 

I
% 

S  
% 

R
% 

I
% 

S 
% 

R
% 

I 
% 

S 
% 

R
% 

I
% 

S 
% 

R
% 

I 
% 

S
% 

R
% 

I
% 

S 
% 

S. aureus 51 63 18 19 2 16 82 - 25 75 - 16 84 53 8 39 22 9 69 
CNS 23 70 - 30 - 9 91 - 13 87 - 22 88 26 9 65 - 13 87 
S. agalactia 12 75 25 - - - 100 - 17 83 - - 100 - 33 67 - 17 83 
S. dysgalactia 7 86 - 14 - - 100 - - 100 - - 100 - - 100 - - 100 
S. uberis 5 60 - 40 - - 100 - - 100 - - 100 - 20 80 - - 100 
E. coli 3 100 - - 33 - 67 - - 100  33 67 67 - 33 - - 100 
Total  104 76 7 17 0.3 4.2 65.7 0 9 91 0 12 88 14  74 4 7 89 
Note: S: Susceptible, I: intermediate, R: resistance, AMC: Amoxicillin, E: Erythromicin, GEN: Gentamycine, K: Kanamayacin, PG: 
Pencilline G, S: Streptomycin.  
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5. DISCUSSION 

5.1. The Overall Prevalence of Mastitis  

The overall prevalence of mastitis at herd level was comparable with the previous reports 

(Getahun et al., 2008; Belayneh et al., 2013) but higher than the report of Tesfaye et al. 

(2012) in Adama. The cow level prevalence of mastitis in this study is concurring with the 

reports of Mekbib et al. (2010) and Zerihune et al. (2013). However, it is higher than the 

finding of Biressaw and Tesfaye, (2015) and Belina et al. (2016) in Arsi and in North Showa, 

respectively. The discrepancy in the prevalence of mastitis between various reports could 

probably be due to differences in farm management practices, breed, geographic location and 

label of production (Radostitis et al., 2007).  

The study revealed that the prevalence of clinical mastitis at cow level is similar with the 

finding of Belayneh et al. (2013), Biressaw and Tesfaye (2015) and Demeke et al. (2016), 

who reported 5.9% in Adama town, 5.3 in Arsi and 7% in and around Zeway, respectively. 

The present result is higher than the report of Getahun et al. (2008) in Selalle and Moges et al. 

(2011) around Gonder.  However, it is lower than the findings of Zerihune et al. (2013) and 

Tilahun and Aylate (2015) in and around Addis Ababa.  The difference between reports may 

be due to concurrent disease involvement, interaction of several risk factors relating with 

animal and virulence of causative organism (Radostits et al., 2007).  

The prevalence of sub clinical mastitis at cow level is in line with the report of Duguma et al. 

(2014) in Hollata. While, it is higher than the report of Dang et al. (2015) and  Belina et al. 

(2016), who reported 48.8% in Gambella and 40.7% in North Showa respectively. Argaw and 

Tolosa (2008); Hailemeskel et al. (2014) reported higher prevalence of sub clinical mastitis at 

cow level than the present study. 

In this study sub clinical mastitis has been found to be higher than clinical mastitis. A similar 

observation of the dominance of subclinical mastitis was observed by several studies Duguma 

et al., 2014; Hailemeskel et al., 2014; Degn et al., 2015; Demeke et al., 2016; Belina et al., 

2016). This could be due to little attention of the farmers about subclinical mastitis, as the 

infected animal shows no obvious clinical symptoms and secrets apparently normal milk. 
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Therefore farmers are not well informed about invisible loss from subclinical mastitis 

(Belayneh et al., 2013; Tassew et al., 2016). Therefore, none of the farms screened their cows 

for subclinical mastitis except seeking professional assistance at the time of clinical case.  

The present study shows the hind quarters (51%) are more affected with mastitis than the 

front quarters (44.3%). This might be due to the high production capacity of the hind quarters 

and as a result the hindquarter is more prone surface and the pressure on the teat canal forces 

the canals to be opened widely and highly predisposed for contamination with dirt which 

allows entrance of microbes (Radostitis et al., 2000; Tassew et al., 2016).   

5.2. Risk Factors Associated With the Prevalence of Mastitis  

The present result revealed that the increase the prevalence of mastitis with increase parity 

number, this was in agreement with previous reports (Moges et al., 2011; Girma et al., 2012; 

Belayneh et al., 2013; Biressaw and Tesfaye, 2015; Degn et al., 2015; Mekonnin et al., 2016; 

Tassew et al., 2016). It could be due to repeated parturition also exposes cows to 

environmental and contagious bacteria. Repeated parturition may induce stress and ultimately 

down regulates the cow’s immunity. In general, the immunity of animals decreases through 

age making older animals more prone to mastitis (Girma et al., 2012). It could be due to older 

cows have largest teats and more relaxed sphincter muscles, which increase the accessibility 

of infectious agent in the cows’ udder (Radostitis et al., 2007). In addition, it increases 

opportunity of infection with time and the prolonged duration of infection, especially in a herd 

without a mastitis control program (Elbably et al., 2013).  

In the present study, every day washed cows had high prevalence of mastitis than those cows 

washed after a week and above.  If the skin of the udder is contaminated and then washed and 

not dried, the water running toward the teat end, it will transport bacteria. Then the bacteria 

may enter the teat canal. Washing the udder without drying-out later may actually increase the 

number of bacteria reaching the teat end instead of decreasing it. Inadequately dry the body 

and udder will increase the chance of entrance of pathogens in to the teat canal (NMC, 2013). 

The use of a common wash rag or sponge could also be a risk factor for contagious mastitis 

(Radostitis et al., 2007). 
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The present study revealed that the prevalence of mastitis increase with increases the number 

of lactating cow in the herd. Since, as the number of animal in the herd increases, manure 

disposal and sanitation problems increase, humidity and temperature also increased.  High 

humidity and high ambient temperatures favor growth of pathogens. As a result, exposure to 

environmental pathogens increased (Radostitis et al., 2007). In addition, the exposure of 

lactating cows to poor environmental condition can induce stress, which reduces the cow’s 

resistance to environmental pathogen infections.  

5.3. Prevalence of Bacterial Pathogens 

In the present study, Staphylococcus is dominant bacterial isolates. S. aureus is dominant spp. 

This result is in line with Mekbib et al. (2010) and Garedew et al. (2015). However, it is 

higher than Lakew et al. (2009); Bitew et al. (2010); Zerihune et al. (2013). But, lower than 

the report of Tassew et al. (2016) in Kombolcha.  

The high prevalence of S. aureus may be due to the presence organism on the skin of the teats 

and external orifices, bedding materials, feedstuffs, housing materials, non bovine animals in 

the farm and equipment. Thus, the organism can easily transmit between cows and invade the 

udder or teat during unhygienic milking practice. The organism has the ability to colonize the 

epithelium of the teat and the teat canal, and can adhere and bind to epithelial cells of the 

mammary gland. In addition its ability to exit intracellulary and localize with in micro 

abscesses in the udder and hence resistance to antibiotic treatments. Furthermore, the 

organism produces enzymes like coagulase and Leukocidin. These two enzymes provide 

adequate mechanisms for tissue invention and inactivate inflammatory cells (neutrophils) 

respectively (Radostits et al., 2007).  In areas, where hand milking and improper use of drug 

is practiced to treat mastitis case, its dominance has been expected (Duguma et al., 2014). 

The other most prevalent isolate species of Staphylococcus are CNS with the rate of 22.1%. 

This finding is comparable with the report of Araga et al. (2012); Belayneh et al. (2013) but, 

higher than Duguma et al. (2014) and lower than the finding of Bitew et al. (2010) and 

Hailemeskel et al. (2014). Coagulase-negative staphylococci are opportunistic pathogens on 

teat skin that cause mastitis by ascending infection via the streak canal (Radostits et al., 2007) 
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In the present study, Streptococcus was the second prevalent bacterial genus isolated and S. 

agalactiae was dominant isolates of all Streptococcus spp. This finding is comparable with 

the findings of Araga et al. (2012) and Duguma et al. (2014). However, it is higher than the 

report of G/Michael et al. (2013) and lower than the findings of Biressaw and Tesfaye, (2015) 

and Zerihune et al. (2013). S. dysgalactia was the second Streptococcus spp isolated which is 

in line with the finding of Lakew et al. (2009); Araga et al. (2012); and Duguma et al. (2014). 

S. uberis is the other streptococcus spp isolated which is in agreement with the findings of 

Lakew et al. (2009) and Girma et al. (2012). The differences in isolation rate of Streptococcus 

may result from management system and ecological difference in agents (Abera et al., 2013). 

The other reason might be due to study methods, instruments and laboratory techniques 

employed by investigators. Radostits et al. (1994) stated that Streptococcus spp. is the most 

prevalent along with Staphylococcus spp. However, the lower prevalence as compared to 

Staphylococcus spp. is because Streptococcus agalactiae survives poorly outside the udder, 

and established infections are eliminated by frequent use of penicillin and other antibiotics. 

The E. coli reported in this study is comparable with the previous finding (Bitew et al., 2010),  

but higher than report of Getahun et al. (2008) in Sellale and G/Michael et al. (2013) in and 

around Areka town. Yohannis and Molla, (2013); Biressaw and Tesfaye, (2015); Mekonnin et 

al, (2016) reported higher isolation rate than the present finding. Environmental pathogens, E. 

coli and S. uberis, are normally found in cow feces, and once the bedding (sawdust or other) 

becomes heavily soiled with cow manure; coliform numbers in the bedding will increase 

(Radostits et al., 2007). The chance of udder infection with coliform organisms will increase 

with increase contact with soil, manure and contaminated bedding. 

5.1. In Vitro Antimicrobial Susceptibility Test Result  

In this study, S. aureus were found to be sensitive to Kanamayacin (84%), Erythromycin 

(82%), Gentamicine (75%) and Streptomycin (69%). However, they were resistant to 

Amoxicillin (63%) and Penicillin G (53%). This finding is in close agreement with the 

findings of Belayneh et al. (2013) who reported S. aureus was completely susceptible to 

Gentamicine (100%) and highly susceptible to Kanamayacin (90%) and Streptomycin (54%), 

but resistant to Amoxicillin (62%) and Penicillin G (53%). Similar study in East Showa Zone 
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indicated that S. aureus was found 75% resistant to Amoxicillin and 89% to Penicillin G 

(Belayneh et al., 2014). Chandrasekaran et al. (2015) in India reported S. aureus was highly 

resistant to Amoxicillin (62%) and Penicillin G (64%), which is in agreement with the present 

finding. The present finding disagrees with the report in Nitra, Slovakia by Indriss et al. 

(2014) who reported S. aureus was highly susceptible to Amoxicillin (79%) and Penicillin G 

(87%). The other contradictory finding was reported by Sylejmani et al. (2015), who reported 

S. aureus susceptible to Amoxicillin (91%) and resistant to Streptomycin (75%).  The 

difference between the reports might be due to the variation in reputational use of the same 

antibiotic treatment and differences among specific techniques used. The other reason 

for the resistance of S. aureus to Amoxicillin and Penicillin G is probably due to S. aureus are 

often beta-lactamase producers, the enzyme conferring resistance to beta -lactam 

antimicrobial agents such as Penicillin G and Amoxicillin (Radostitis et al., 2007). 

The present study revealed that CNS was highly sensitive to Erythromycin (91%), 

Kanamayacin (88%), Gentamycine (87%), Streptomycin (87%) and Penicillin G (65%), but 

highly resistant to Amoxicillin (70%). This report is in agreement with the finding in Slovakia 

in which CNS was 87% susceptible to Streptomycin and 86% Penicillin G (Indriss et al., 

2014). However, it is disagrees with the report of Indriss et al. (2014) and Sylejmani et al. 

(2015) who reported CNS was highly susceptible to Amoxicillin 87% and 83%, respectively. 

Belayneh et al. (2013) in Adama dairy farms reported CNS was resistant to Kanamayacin 

(72%) and Penicillin G (50%), this finding disagrees with the present finding in which CNS 

was susceptible to Kanamayacin (88%) and Penicillin G (65%).   

S. agalactiea in this study showed 100, 100, 83, 83 and 67% susceptibility to Erythromycin, 

Kanamayacin, Gentamycine, Streptomycin and Penicillin G, respectively. However, the 

isolates were resistance to Amoxicillin (75%). This finding is comparable with the finding of 

Getahun et al. (2008), who reported S. agalactiea were susceptible to Erythromycin (93%), 

Streptomycin (85%) and Penicillin G (85%). Belayneh et al. (2013) indicated that S. 

agalactiae were completely resistant to Amoxicillin (100%) and susceptible to Gentamycine 

(100%), Penicillin (80%) and Streptomycin (52%) this is in agreement with the present 

finding.  The other findings reported by Indriss et al. (2014) and Sylejmani et al. (2015) S. 
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agalactiae were susceptible to Amoxicillin (100 and 94%), respectively; this reports disagree 

with the present finding in which S. agalactiae were resistant to Amoxicillin (75%). In the 

present study S. agalactiea was highly sensitive to all antibiotics except Amoxicillin.  

S. dysgalactiae have been found be completly sensitivity to Erythromycin, Gentamycine, 

Kanamayacin, Penicillin G and Streptomycin (100 % to each) but resistant to Amoxicillin 

(84%). This finding is in agreement with the finding of Getahun et al. (2008) and Belayneh et 

al. (2013) who reported S. dysgalactiae were completely susceptible to Gentamycine, 

Penicillin G and Streptomycin (100 % to each). However, the present finding disagrees with 

the report of Sylejmani et al. (2015) in Kosovo who reported S. dysgalactiae is highly 

resistant Penicillin G (75%) and Streptomycin (75%) and completely susceptible to 

Amoxicillin (100%). The difference in the sensitivity of S. dysgalactiae to Amoxicillin and 

Penicillin G could be due to the two antibiotics the most commonly available and affordable 

antibiotics to farmers under Ethiopia condition. They are sometimes the only available 

antibiotics in many veterinary clinics (Girma et al, 2012). 

The present finding shows S. uberis were completely sensitive to Erythromycin, 

Gentamycine, Kanamayacin and Streptomycin (100% to each) and highly sensitive to 

Penicillin G (80%), but resistant to Amoxicillin (60%). This finding is in agreement with 

Getahun et al. (2008) and Indriss et al. (2014) who reported S. uberis were completely 

sensitive to Erythromycin (100%). According to Belayneh et al. (2013) S. uberis were highly 

susceptible to Gentamycine(89%), Kanamayacin (68%), Streptomycin (93%) and Penicillin G 

(65%) and resistant to Amoxicillin (65%), which is comparable with the present finding.  

However, the present finding disagrees with the finding of Indriss et al. (2014) and Sylejmani 

et al. (2015) who reported S. uberis were highly susceptible to Amoxicillin 100 and 86%, 

respectively.  

The study also revealed that E. coli was completely sensitive to Gentamycine and 

Streptomycin (100% each) and also highly sensitive to Erythromyci and Kanamayacin (67% 

each), but resistant to Amoxicillin (100%) and Penicillin G (67%). This finding is comparable 

with the finding of Belayneh et al. (2013) who reported E. coli was highly susceptible to 

Gentamycine(92%), Kanamayacin (75%) and Streptomycin (65%) and highly resistant to 
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Amoxicillin (75%) and  Penicillin G (79%). The present finding also in agreement with 

Indriss et al. (2014) who reported E. coli was highly resistant to Amoxicillin (82%) and 

Penicillin G (96%). However, Sylejmani et al. (2015) reported E. coli was found 80% 

susceptible to Amoxicillin and 73 % resistant to Streptomycin. 

In the present study most of isolated pathogens were susceptible to Gentamicine, 

Kanamayacin, Streptomycin, and Erythromycin, this could be due to these drugs were the 

least frequently used in the study area in Veterinary services. However, the all isolates were 

resistance Amoxicillin to and some of them are resistant to Penicillin G, this is due to the two 

antibiotics the most commonly available and affordable antibiotics to farmers under Ethiopia 

condition. They are sometimes the only available antibiotics in many veterinary clinics. It 

might be this wide use of these drugs and inappropriate administration which have contributed 

to the development of resistance by the predominant bacterial agents in the area (Girma et al, 

2012). 
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6. CONCLUSIONS AND RECOMMENDATIONS 

The present study revealed that mastitis is prevalent disease in smallholder dairy farms in the 

study area. Moreover, subclinical mastitis is the most prevalent form of the disease at herd- 

and cow-level. The hindquarters are the more affected with mammary gland infection than 

front quarters. Parity, frequent washing of cow and increasing number of lactating cow per 

herd are important risk factors for the prevalence of the disease in the study area. The study 

shows that S. aureus and Coagulase negative Staphylococcus are the most important causes of 

bovine mastitis followed by Streptococcus spp in the study area. This indicates contagious 

mastitis is highly prevalent in the study area. In the present finding, most isolated bacteria are 

sensitive to Gentamicine, Kanamayacin, Streptomycin, Erythromycin and Penicillin G. 

However, they were resistant to Amoxicillin.  

Based on the above concluding remarks the following recommendations are forwarded: 

 Properly washing and drying of cows should be practice 

 Handling manageable size of herds 

 Attention should be given at later lactation by using dry cow therapy 

 Apply regular antimicrobial sensitivity testing to select effective antibiotics for 

treatments of mastitis cases.  

 Appropriate use of antimicrobial drugs could reduce the high prevalence mastitis in 

the study area.   
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ANNEXES 

Annex 1: Questionnaire format  
Date ----------------------------------- 

Code ----------------------- 

Questioner format 

1. Name of the owner -------------------------------------Sex-----Age---------Kebele----------  

2. Education level of the owner of the farm-------------------------------- 

3. Marital status  ------------------------------------- 

4. Environmental  factor  

4.1. Type of farming  

A. Open(outdoor) B. Close(indoor) 

4.2. Number of lactating cow per herd -------------------------- 

4.3. What the flooring system of the farm? 

A. Soil 

B. Concert       

C. Stone 

D. Wood 

E. Other  

4.4. What type of bedding is used for your milking cows? 

A. Straw 

B. Sawdust 

C. Shavings wood 

D. Sand 

E. No bedding 

4.5. Frequency of cleaning of cows environment per day  

A. Once a day 

B. Twice a day 

C. Three times a day 

D. Other 

4.6. Frequency of body washing cow? 

A. Every week 

B. 15-30 days 

C. Not washed 

D. >30 days 

E. Every day    

4.7. Dose the farm use concentrates for cows feeding?     A. Yes          B. No 

4.8. Do you follow milking order? A. Yes       B. No 

4.9. Dose the farm use pre milking udder preparation? A.  Yes         B. No 
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4.10. Dose the milker use drying towel?   A. Yes              B. No 

4.11. Dose the milker use separate drying towel?   A. Yes              B. No 

4.12. Dose the milker wash and disinfect his or her hand before and between milking of                 

adjacent lactating cows?        A. Yes              B. No 

4.13. Dose the milker use post milking teat disinfection or teat dipping? 

A. Yes  B. No 

4.14. Frequency of milking cow? 

A. Once a day 

B. Twice a day  

C. Three times a day 

4.15. Do you have idea about subclinical mastitis?       A. Yes       B. No 

4.16. Type of milking          A. Striping          B. Squeezing  

4.17. Do you give feed after milking?   A. Yes                B. No 
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Annex 2: Procedure for cow side CMT test  

1. A small amount of milk from each quarter was squired into shallow cups in the 

CMT paddle  

2. Add equal amount of 3% CMT reagent to each cup and mixed well 

3. Apply a gentle circular motion to a mixture in a horizontal plane for 15 s.  

4. Interpreted the test result based on the thickness of the gel formed by CMT 

reagent and milk mixture and scored as negative (0), Trace (T), + (weak 

positive), ++ (distinctive positive), and +++ (strong positive). 

Interpretation: The test results are interpreted subjectively as either 0 (negative), 

T (trace), +1, +2 or+3 based on the viscosity of the gel formed by mixing the 

reagent with the milk. 

Score  Interpretation  Visible reaction 

0  Negative  Milk fluid normal 

T  Trace  Slight precipitation 

+ Weak positive Distinct precipitation but no gel formation 

++   Distinct positive  Mixture of thickness with gel formation 

+++ Strong positive Viscosity greatly increased, strong gel i.e. cohesive 
with a convex surface 

Annex 3: Procedure for milk sample collection  
 

1. Prepare sterile universal bottle with tight fitting screw caps  

2. Cleaned and dry udder and teats before sample collection  

3. Wash the teats with soap and water and disinfect with 70% ethanol 

4. Removed first few streams of milk and discard to reduce the number of 

contaminating bacteria in the teat canal.  

5. To reduce contamination of the teat ends during sample collection, sample the 

near teats first, then the far ones  

6. Remove the cap from the sample vial without touching its inner surface 
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7. Hold the vial horizontally and by turning the teat to a near horizontal position 

then the streams of milk direct in to the vial 

8. Take precaution not to touch the teat end with the cap or the vial.  

9. After sample collection; sample containing bottles, should be labeled and 

transported in an icebox to DBU microbiology laboratory.  

10. Upon arrival, the samples should be stored in a refrigerator at 4°C until 

analyzed. 

   

Annex 4: Procedure for Gram staining  

1. Using a sterile inoculating loop, add 1 drop of sterile water to the slide and prepare a 

mixed smear  

2. “Heat-fix” the slide with the specimen by passing it over a heat source 

3. Place slide on the staining tray 

4. Flood the fixed smear with crystal violet solution and allow for 1minute 

5. Rinse off the crystal violet with distilled or tap water 

6. Flood the slide with iodine solution and allow for one minute 

7. Rinse off the iodine solution with distilled or tap water 

8. Flood the slide with decolorizer (alcohol) for one to five seconds 

9. Rinse off the decolorizer with distilled or tap water 

10. Flood the slide with safranin (counter staining) and allow for 30 seconds 

11. Rinse off the safranin with distilled or tap water 

12. Dry the slide 

13. Examine under microscope using a 100X objective lens.   
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Interpretation: Gram-positive bacteria stain deep violet to blue and gram-negative 

bacteria stain pink to red. 

Annex 5: Procedures for Catalase test (slide test) 
 

1. Place a small amount of growth from your culture onto a clean microscope slide.  

2. Add a few drops of H2O2 onto the smear. If needed, mix with a toothpick.  

3. DO NOT use a metal loop or needle with H2O2; it will give a false positive and 

degrade the metal. 

Interpretation of the result: A positive result is the rapid evolution of O2 as evidenced by 

bubbling. While a negative result is no bubbles or only a few scattered bubbles. 

Annex 6: Procedures for Coagulase test (slide test)  

1. Make a 1 inch diameter circles on a clean glass slide using a wax pencil  

2. Place a drop of physiological saline in the circles on each end of a slide, or on two 

separate slides 

3. With the loop, straight wire or wooden stick, emulsify a portion of the isolated 

colony in each drops to make two thick suspensions. 

4. Add a drop of rabbit plasma to one of the suspensions, and mix gently 

5. Look for clumping of the organisms within 10 seconds 

Interpretation of the result: A positive result is the rapid clumping of organisms. 

While the negative result do not show any agglutination. 

Annex 7: Procedures for CAMP TEST  

1. Using an inoculating loop, streak a beta-lysin-producing Staphylococcus aureus in a 

straight line across the center of a sheep blood agar plate. 

2. Streak test organism in a straight line perpendicular to the S. aureus with leaving 

1cm space between the two streaks 

3. Incubate the plate at 37 oC for 18-24 hours 
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Interpretation of the result: Positive: Enhanced hemolysis is indicated by an arrow 

head-shaped zone of beta-hemolysis at the junction of the two organisms. Negative: No 

enhancement of hemolysis.  

Annex 8: Procedures for Indole test  

1. Inoculate the bacteria in Tryptone broth and incubate for 24 hours at 37 oC 

2. Add 15drops of Kovac’s reagent in the incubated tube 

Interpretation of the result: - Development of bright red color at the interface of the 

reagent after few seconds of adding the reagent is indole positive.    

Annex 9: Procedures for antimicrobial sensitivity test   

1. Transfer pure culture colonies in to sterile test tube of 5ml saline and make a 

suspension comparable with that of 0.5 % MacFarland standard. 

2. Dip a sterile cotton swab in to the suspension and swap the whole surface of 

Mullar Hinton agar plate  

3. Allow the surface the inoculated agar to dry for 5 minutes  

4. Apply antimicrobial disc on the surface of inoculated agar plate using sterile 

forceps and press gently to ensure the complete contact with agar plate.  

5. Incubate for 24 hours at 37 0C   

6. Measure the inhibition zone using ruler in mm and interpret the result qualitatively 

as resistant, intermediate or susceptible based on standard protocol. 
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Annex 10: Zone of inhibitions interpretation chart  
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Annex 11: Hygiene score card chart  
Score  Legs  Udder Flank and upper leg 

Score 

1 

Good 

   
 

Score 

2 

Good  

   
Score 

3 

Poor  

   
Score 

4 

Poor  

   

Source: http://www.vetmed.wisc.edu/dms/fapm/fapmtools/4hygiene/hygiene.pdf hygiene 

scoring card score sheet  
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Annex 12: Figures of isolated bacteria colonies and hemolysis on blood agar 

                     

Annex 13: Figures of isolated Staphylococcus colonies on Mannitol salt agar  

                        

Annex 14: Figure of bacteria colonies on nutrient agar  
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Annex 15: Figure of E.coli colonies on MacConkey agar 

            

Annex 16: Figures of Kirby Bauer disk diffusion antimicrobial sensitivity test 

    

     

Annex 17: Figure of Catalase test  

                   

  Annex 18: Figure of Coagulase test                     
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