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ABSTRACT 

The study w as conducted with the objectives of detemlining the prevalence o f clinical 

and subclinical mastitis, identifying the major pathogens of bovine mastitis and testing 

antimicrobial resistance of the major pathogens isolated from quarter mi lk samples in 

smallholder dairy farms in the central highlands of Ethiopia. For this study, 109 

smallholder fanners and 500 dairy cows were selected by a one-stage cluster sampling. 

Questionnaire survey w as administered to the f ann owners to c alleet data on cow and 

faml attributes. Clinical examination, CMT and bacteriological culturing were perfonned 

to diagnose the occurrence of clinical and subclinical mastitis. Data collected was 

analyzed using descript ive statistics and univariate and multivariate logistic regression. 

The results revealed that the prevalence of clinical mastitis at herd, cow and quaner level 

after culturing was 11 %, 2.6% and 0.5 1 %. The prevalence of subclinical mastitis at herd, 

cow and quarter level was 54.7%, 22.3% and 10.06%, respectively. The most important 

pathogens isolated from subclinical mastitis cases were S. aw'eus (46.6%), s. epidermidis 

(22.8%), Sr. aga/aeriae (11.1 %) and Sr. liberis (10.1 %), whereas those of clinical mastitis 

were Sr. aga/aeriae (30%), Sr. dysgalacriae (30%) and S. aureus (20%). The univariate 

logistic regression showed that , among the risk factors considered, presence of teat lesion 

(p<O.OI), stage or lactation (p<O.05) and parity number (p<O.05) had significant errect on 

the prevalence of subclinical mastitis, whereas only presence of teat lesion (p<O.OI) and 

stage lactation (p<0.05) had significant effect with multivariate logistic regression. None 

of the farm attributes considered as pOll:I1tiai risk factors (bam floor status. milking 

hygiene and milking masti tic cows at last) had signi fi cant effect (p>O.05). In addition, the. 

prevalence of subclinical mastitis at herd level was not significantly affected by all the 

factors considered {farm attributes}. Regarding the antimicrobial susceptibility test. Sr. 

inrermidills and S1. dysgalactiae were the species. which showed high level of 

susceptibility for most of the antimicrobials, while the rest had different levels of 

resistance for almost all the antimicrobials. From the antimicrobials applied 

sulphonamides was the most effective drugs, whi le ampicilin was the least effective drug. 

From this study it can be concluded that the prevalence of subclinical and clinical mastitis 
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were low and moderate, respectively, in the study area. S. allrellS, was found to be the 

major isolate and many of the pathogens showed resistance to commonly used drugs. 

Key words: smallholder, dairy, clinical, subclinical, mastitis, prevalence, isolates, 

antimicrobials 
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I. INTRODUCTION 

The world's human population is expected to increase from 5.4 billion in 1990 to 

approximately 7.2 billion in 2010. Mosl of the increase will be in tropical developing 

countries, where there will be a marked shift from rural areas to urban centers, with major 

shifts in patterns of food production, marketing and consumption (Sen; el al., 1996). 

Dairy production is a biologically efficient system that converts large quantities of 

roughage, the most abundant feed in the tropics, to milk, the most nutritious food known 

to man. Where there is access to a market, dairying is preferred to meat production since 

it makes more efficient use of feed resources and provides a regular income to the 

produccr. It is also more lahor intensive and supports substantial employment in 

production, processing and marketing (Walshe et al., 1991). The challenge represented by 

the expanding demand for milk and dairy products in tropical countries is great, and the 

resultant opportunities for smallholders are large. However, low animal productivity, 

inappropriate technologies, inadequate research and extension support, poor infrastructure 

and unfavorable external conditions have contributed to the poor perfomlance of the 

livestock sector in general, and of the dairy sub-sector in particular (Williams er al., 

1995). 

The economic losses of dairy industry due to mastitis remain the major cause all over the 

world. According to the study carried out in England and Wales from 1979 to 1982, the 

average cost of a case of mastitis due to a ntibiotics used, milk discarded, reduction in 

quality and quantity of milk produced by a cow was estimated 60 pound for each case 

(Blowey, \990). Based on the research works, most estimates show that on the average 

the affected quarter suffers a 30% reduction in productivity and affected co\\, estimated to 

loss 15% its production (Blood and Radostits, 1989). 

Milk from mastitic animals is also of a great public health importance by serving as a 

vehicle in the spread of such diseases a s tuberculosis, streptococcal sore-throat, scarlet 

fever. staphylococcal food poisoning and brucellosis (Blood and Radostits. 1989). Public 

health hazards associated with the conswnption of antibiotic contaminated milk and milk 



products cause allergic responses, changes in intestinal flora and development of 

antibiotic-resistant pathogenic bacteria (Thirapatsakun, 1999). 

Ethiopia holds large potential for dairy development due to its large livestock population, 

the favorable climate for improved high-yielding animal breeds, and the relatively 

disease-free environment for livestock. Given the considerable potential for smallholder 

income and employment generation from high-value dai ry products, development of the 

dairy sector in Ethiopia can contribute significantly to poverty alleviation and nutrition in 

the country. The first effort, initiated by the governments of Ethiopia and Sweden, was 

the establishment of the Chilalo Development Agricultural Unit (CADU), later named 

Arsi Rural Development Unit (ARDU), between 1970 and 1980. The unit produced and 

distributed crossbred hei fers, provided artificial insemination (AI) services and animal 

health service, in addition to forage production and marketing (Staal, 1995). Later on 

SOOPP (1981 -1 994) and SODP (1995- 1998) contributed for the development of the 

dairy sector in the central highlands of Ethiopia. The two projects distributed crossbred 

dairy cattle with a package of improved management technologies to smallholder dairy 

fanners and also promoted the establishment of small scale milk collection and 

processing centers which are connected well to market infrastructure. The dairy sector in 

Ethiopia is expected to continue growing over the next one to two decades given the large 

potential for dairy development in the country, the expected growth in income, increased 

urbanization, and improved policy environment. The shift towards market economy is 

creating large opportunity for private investment in urban and peri-urban dai rying 

(Fcllekc and Geda 2001; Gebre Wold el al. 2000). 

According to the reports of FAO (2003). the t01al annual national milk production in 

Ethiopia ranges from 797,900 to 1,197,500 metric tones raw milk equivalents. Out of 

total national milk production, between 85 and 89% is contributed from cattle. However, 

this amount is by far below the national demand for milk and milk products in the 

country. Many reasons could be ascribed for the low annual national milk yield among 

which mastitis is one of the most important fact ors. A number of reports indicated that 

mastitis is a serious problem in the dairy industry of Ethiopia. Nesru (1999) reported a 

mastitis prevalence rate of 85 .6% and 81.2% using CMT and SCC, respectively. 
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According to the same report, out of the e MT positive animals, 37.2% did harbor a causal 

agent for mastitis. Biru (1989) reported a combined mastiti s prevalence of 67.4% at cow 

level while Bishi (1998) reported a subclinical mastiti s prevalence of 35.5% and 34.3% 

for small and large-scale farms, respectively. As for cl inical masti tis prevalence, it was 

Bishi (1998) who reported 4.4% and 5.7% prevalence rates at cow level for small and 

large-scale fanns, respectively. The productivity a nd fi nanc ial losses due to mastit is in 

Addis Ababa milk-shed was est imated by Mungube (2001). The loss due to subcl inical 

mastitis was 1.5 1 kg of milk per cow per milking and 3.01 birr per cow per day. In 

clinical mastitis, these lose was 4.4 kg milk per day and 176 birr in 20 days. 

Although there are a number of reports on the prevalence, major pathogens and 

antimicrobial resistance pattern of mastitis in the different parts of the country (Werkineh 

el 01., 2002; Abayineh, 2001; Mungube, 2001; Nesru, 1999; Bishi, 1998; Biru, 1989), 

little has been done in the current study area which is located within the Addis Ababa 

Milk shed, currently supplying a considerable volume of milk to government and private 

milk processing plants located in or around Addis Ababa and having still higher potential 

for dairy production. 

The objectives of this study were the refore: 

• To estimate prevalence of subclinical and clinical mastitis at herd, cow, and 

quarter level in smallholder dairy fanns; 

• To assess the major risk factors associated with the occurrence of subclinical 

mastitis in smallholder dairy fanns; 

• To identify and isolate the major bacterial causes of clinical and subclinical 

mastitis and 

• To conduct in-vitro antimicrobial susceptibility lest on most frequently isolated 

bacteria 
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2. LITERATURE REVI EW 

2.1. DefinilioD of bovine mastit is 

The term 'mastitis' is an inflammation of the mammary gland primari ly resulting from 

invasion of pathogenic microorganisms through the teat canal (Erskine, 200 I). There are 

two famls of mastitis: 

Subclillical mastitis: characterized by the presence of pathogenic microorganisms in the 

milk and the inflammatory response detected only by screening test with out visible signs 

of the disease. 

Clinical mastitis: characterized by visible signs of mastitis. In chronic clinical mastitis, 

the signs include flakes or clots in the milk and slight swelling of infected quarter. 

Swelling of the mammary gland with less systemic signs is seen in acute clinical mastitis. 

The per·acute form is characterized by abnomlal milk secretion, hot and swollen quarter 

of udder, fever, rapid pulse, loss of appetite, dehydration and depression, death may 

occur. 

2.2. Aetio logy 

Jubb el al. (1993) has shown that modem techniques of microbial classification have 

identified more than hundred species, sub species, and serovars isolated from the 

mammary gland. SrreplOcoccUS agalactiae and some types of S. aureus are obligate 

parasites of the gland and inevitable pathogens, but the great majority of infections are 

opportunistic. In addition, some viral diseases like Pseudo Cowpox, Herpes mami/iris. 

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 

el al., 2001). From the etiological point of view, the pathogenic microorganisms have 

been classified into two groups, namely, contagious and environmental pathogens based 
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on their distinct characteristics of distribution and interaction with teat and duct (Calvinho 

el al ., 1998). Within the two groups, there are two other sub-divisions as major and minor 

pathogens. Major pathogens are responsible for most severe cases of mastitis while the 

minor pathogens are rarely associated wi th marked leukocytosis and clinical 

manifestations (Rainard and Peutrel, 1988; Radostits ef al., 1994) 

2.2.1. Major pathogens 

S. aureus. S. agalacliae. and A~)'coplasma bovis have been reponed to be major 

pathogens causing contagious mastitis. These pathogenic microorganisms live and 

multiply on and in the cow's mammary gland and are spread from cow to cow primarily 

through milkiers' hands and udder wash clothes during milking. Major pathogens causing 

environmental mastitis are Colifonns (£. coli, Klebseila spp, Ellferobacler aerogensj. and 

SI. IIberis (Wans. 1988; Calvinho el al .. 1998). 

The predominant infectious agent of mammary gland in most countries is S. allrellS, 

followed by SI. agalacliae (Radostits el al., 1994). In a study eanied out in Zimbabwe by 

Perry et al. (1987) s. allreliS was the most frequently isolated bacteria from both clinical 

and subclinical mastitis . Sargeant et al. (1998) reponed isolation rates of 6.8°'0, 0.7%. 

I·t l%, 17.2%. 1.7% and 28.7% for S. allreus, St. agaiacliae, other Streptococci species. 

Colifonns, Corynebacterium bO\'is and other Staphylococcus species, respectively, from 

834 mastitic milk samples collected from clinical cases. 

2.2.2. ~1inor pathogens 

In the minor pathogens are included; coagulase negative Staphylococcal species, 

Actinomyces bovis, Bacillus cereus, and Serratia marcescells (Brooks e( al., 1983) 

Coagulase negative Staphylococci (eNS) consisting of a variety of Staphylococclls sPP 

(5. hyiclls. 5. similialice. alld S. epidermidis). and C. bOl'is are contagious minor 

pathogens. The agents simply colonize the teal streak canal but do not cause a clinical 
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disease (Harmon et aI., 1986; Radostits et al., 2000). Nocardia asteriodes. Serratia 

marcesceflS, Prototheca zopfii, Leptospira in terrogen (serovar pomona) and 

Pseudomonas aemgenosa are environmental minor pathogens of bovine mastiti s (Quinn 

er aI., 1999). 

2.3. Risk facto rs associated with bovine mastitis 

Mastitis is a multifactorial disease and results when management and environment factors 

interact to increase exposure, to reduce udder resistance and to aid deposition of 

organisms into the teat canal (Phillpot, 1984). However, many researchers on the disease 

complex have 0 nly restricted the disease causation tom icrobial infection, i gooring t he 

other important epidemiological players like environmental and management factors 

(Radostits er al., 1994). 

2.3.1. Hosl faclors 

Grommers (1988) has suggested that host characteristics are important risk detemlinant in 

the pathogenesis of mastitis. These factors are associated with the development of 

specific immunity and with none specific host defense mechanisms (teat sphincter and 

keratin). The resistance by the host relates to genetic predisposition, anatomical 

characteristics, nutritional status, stage of lactation and parity. Host defense mechanisms 

are critical affecting the susceptibility of the dairy cow to udder infection (Nickerson, 

1987; RadoslilS, 1994; Erskine, 2001). 

2.3.2. Agent factors 

The microbial factors which affect mastitis occurrence are the a bility to survive in the 

immediate environment of the animal, the ability to colonize the teat duct, the ability to 

adhere to mammary epithelium and not be flushed out with milk flow, the degree of 

invasiveness (Streptococci cause little pathological change to secretory cell while 
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Staphylococci ini tiate d egenerative changes), t he ability t o r esist phagocytosis a nd anti 

bacterial substance in the udder, including resistance to antibiotics (Quinn et al., 1999). 

2.3.3. Environmental factors 

Radostits el aJ. (2000), has stated that the quality and management of housing for dairy 

cattle has a major influence on the types of mastitis pathogens, which can infect the 

mammary gland and the degree of infection pressure. Bedding type such as organic 

bedding and other housing conditions that provide nutrients to bacteri a, I ike damp and 

wet conditions will promote greater exposure of cows' teat to pathogens and result in 

higher incidences of mastitis (Nickerson, J 987). Increased herd size makes manure 

disposal and sanitation tasks difficult and hence increases exposure to environmental 

pathogens (Banlett el a/. , 1992). 

Dorgent-Melina el at. (1988) has suggested that udder preparation both before and after 

milking influences the rate of mastitis in a given herd. It has been established that farmers 

who use a common close (sponge) for drying teats after cleaning the udder have a greater 

odds of having a high prevalence on infection than herds using individual paper towels. 

Feeding a cow after it is milked is necessary since the cow remains standing for a while. 

Lying down immediately after milking can be a risk factor as the teats are still open. This 

gives the teats time to switch back to their normal anatomical shape other wise the risk of 

acquiring environmental pathogens is very high (peeler el al., 2000; Radoslils el al. , 

2000). In comrast to other species, particularly, the mammary glands of dairy cows are 

commonly predisposed to invasion by pathogenic organism due to high incidence of 

trauma to the orifice, sphincter, or streak canal of the teat (Jones el al .. 1997). 

2.4. Pathogenes is 

Infection of intramammary gland always occurs via the teat canal. However. the 

development 0 f mastitis ism ore complex. T he most well c lari fled stages are invasion, 
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infection, and inflammation. Following invasion, a bacterial population may be 

established in the teat canal, which multiplies and extended into mammary gland tissue 

where infection occurred frequently or occasionally (Radostits et al .. 1994). The invasion 

by microorganisms results in involvement 0 f m acrophages against bacterial pathogens, 

which upon stimulation produce interleuk in-l, which leads to release of prostaglandin and 

leukotrines. Leukotrine B4 is a powerful attractant of neutrophi ls. The biological function 

of soluble CDI4 was shown to modulate hwnoral and cellular immune responses by 

interacting with both T and B lymphocytes (Filipp el al., 2001). Lee el al. (2003) reported 

that CD14 is involved in a spectrum of biological and immunological responses. It has 

been well documented that mi lk CDl4 expressed on leukocytes is the key molecule in 

recognizing invading pathogens and eliciting a cascade of inflammatory r esponses. On 

the other hand, CDl4 has been shown to prevent death induced by 'septic shock,' inhibit 

dissemination of pathogens, stimulate lymphocyte proliferation, and facilitate 

phagocytosis of bacteria. It has also been indicated that bacterial infection in the udder 

increases permeability and alters the plasma contents in milk, which in tum alters ion 

balances. The alveolar epithelium is damaged by inflammation or by pressure from 

adjacent inflammatory process resulting in secretion of less milk (Jubb er al.. 1970). 

Jones et af. (1997) has suggested that trauma to the teats may cause breakdown of natural 

barrier and render the cow more susceptible to infection. Other resistance factors in 

addition to physical barrier that imposed by smegma in the teat canal, include humeral 

and cellular components in milk that inhibit microbial growth 0 r t: nhancc c lcarance 0 f 

invading organisms by phagocytosis, such substance are lactoferin, immunoglobulines, 

lysozyme, lactoperoxidase. perturbations any or all of these defense mechanisms may 

increase susceptibility to mastiti s. 
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2.5. Diagnosis of bovine mastitis 

2.5.1. Screening tests 

Clinical examination and use of st rip-cup 

Clinical mastitis may bed etected by examining the udder for w ann, swollen quarters, 

which are indicative of acute mastiti s, or misshapen, hard, atrophied and fibrotic quarters, 

indicating the pennanent damage caused by chronic mastitis (IDF, 1987). Proper 

examination 0 f t he m ilk requires the u se 0 f strip cup, preferably 0 ne that h as a s hiny, 

black plate pemlitting the detection of discoloration as well as clots, flakes, and pus. In 

this method, Milk is drawn on to the plate in pools and comparisons made between the 

milk of the different quarters (Blood and Radostits, 1989). 

Direct microscopic count (Modified Breed's Smear) 

The direct microscopic count has been used to count leukocytes in the milk directly. A 

volume of 0.0 I ml of milk is spread over a mic roscope slide, defatted and then sta ined by 

methylene blue based stain. The microscope is calibrated, and then, leukocytes are 

counted on about 50 fields to calculate the number of leukocytes per ml of milk as 

described previously (Quinn el aI, 1999). 

Individual indirect cell counts (CMT) 

The California Mastitis Test is based on an anionic detergent, Na- lauryl sulphate (SDS), 

which dissolves cell membranes and nuclei. Consequently DNA is released and it fonns a 

transient gel with the detergent. T he more DNA there i s in t he sample, the higher the 

viscosity of the gel. Equal volumes of milk and 3% Na - Iauryl sulphate (2-3 ml of both) 

are mixed on the test plate having wells reserved for each of the fou r quarter. As most of 
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the D A in milk originates from somatic cell, CMT reflects the somatic cell content of 

milk (Sandholm, 1995). 

Electronic somatic cell counters 

Electric somatic cell counting of suspicious mi lk is another screening test for the 

diagnosis of mastitis based on cell counts. The two most commonly used are the Coulter 

Milk Cell Counter, which counts particles as they flow through an electric field, and the 

Fosomatic Milk Cell Counter, which stains cells with a fl uorescent dye and then counts 

the number of fluorescing panicles (Dohoo and Meek, 1982). 

Indirect chemical tests to detect mastitis 

Some tests are based on the increase in sodium and chloride ions in mastitic milk that 

have higher content of sodium and chloride than nomlal milk. The bacterial infection in 

the udder alters the cell wall pemleability and permits an increased flow of sodium and 

chloride into the milk (Kitchen et al., 1994). 

2.5.2. Microbiological test 

Microbiological diagnosis is sought in case of elevated somatic cell counts as given by 

CMT, direct or electronic somatic cell counts to differentiate the microorganisms 

involved and also to act as a confirmatory test (Erskine, 2001). 

Direct Microscopy 

The milk collected as sample can be centrifuged and a stained smear made from the 

deposit. A Gram stain is used routinely to detect gram·positives such as Staphylococci, 

Streptococci, Bacillus spp., and also yeasts such as Candida albicans that stain deeply by 

crystal v iolet. A modified Z iehl-Nielsen·stained smear can b e made i f N. a steroids is 

suspected and a Ziehl- Nelson·stained smear is prepared when rare cases such as 

Mycobacreriumforruilllm or M.bovis are suspected (Quinn el at., 1999). 
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Culture 

The incriminated milk samples are cultured on ox or sheep blood agar, which supports 

growth of mastit is pathogens. Candida albicans and Aspergillus fu miganls are able to 

grow on blood agar at 37°C in 2-3 days, if there is no competition from the faster growing 

bacteria. MacConkey agar plate is streaked in parallel to detect E. faecolis and any gram­

negative bacteria that is able to grow on the medium. Edward 's medium can be used as 

selective media for streptococci suspected milk (Quinn el 01 .• 1999). 

2.6. Control of bovine mas titis 

Successful treatment of clinical mastitis requi res a history of the herd, identification and 

susceptibility pattern of the bacteria involved, as well as relevant information on the 

milking management. lntramamrnary drug forn1Ulation is a sui table route for 

administration of long - acting antimicrobial preparation at " dry off" as part of mastitis 

control programme (Quinn el al., 1999). 

Erskine (2001) has suggested that the prevalence of St. agalactiae imrarnammary 

infection can be reduced rapid ly by "blitz" treatmem. With this method an emire herd, or 

more economically, all the culture positive cows in a herd, are treated with antimicrobial. 

The most efficacious and cost effective regimen is to use intrarnammary p - lactam 

therapy. Cure rates can often be from 75% to 90% and are economically beneficial 

(Eriskine el al., 1996). Studies of treatment efficacy of s.atlreus mastitis have found cure 

rates of 25% to 55% of infected quarters in experimental infections that were evaluated 

for 21 to 60 days after infection (Owens el aI., 1998). However, natural infection is 

usually of longer duration before therapeutic imervention is used and thus more refractile 

to therapy. Intramammary cefoperzon for the treatmem of clinical S. aUfeus mastitis led 

to bacteriologic cures for only 39% of the cases, as measured 14 days after treatment 

(Wilson el al., 1986). 
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In Ethiopia, Nesru et a l. ( 1997) reported that out of fi ve isolates of S.aureus four were 

sensitive to penicillin and streptornycin. all to erythrorn yc in, three to chloramphenicol and 

ampicilin but rnost isolates (four) were less sensi ti ve to tetracycline. Therefore, 

intrarnarnrnary therapy may have the best probability of success by including parenteral 

adrninistration. Preferentially the therapy should be adrni nistered for periods long enough 

to insure.:; drug levels above minimal inhibitory concentration (MIC) to allow effective 

killing of the pathogens (Erskine, 200 I). 

2.7. Bovine mast itis in Ethiopia 

2.7.1. Prevalence of bovine mastitis 

A number of epidemiological stud ies of bovine mastitis were carried out in Ethiopia. 

Nesru et 01. (1997) reported the prevalence of clinical and subclinical mastitis to be 5.3% 

and 19% on cow basis, respectively and 1.9% and 7.4% on quarter basis, respectively, in 

central Ethiopia. Bishi ( 1998) reported an the over all prevalence of to be ~% and 

5.5% for subclinical and clinical mastitis, respectively, in a study conducted in urban and 

peril-urban dairy production systerns in and around Addis Ababa. According to Kassa el 

01. (1999) a survey carried out on mastitis in dairy herds of the Ethiopian central 

highland, the prevalence of clinical rnastit is and subclinical rnastitis on cow basis to be 

1.2%, and 38.9%, re.:;specti vely. Mungube (200 1) reported an over all prevalence of40.6% 

for subclinical mastitis at cow level and 27.8% at quarter level , in peri urban and urban 

areas of Addis Ababa. In another study in the same area, Mckonen el 01. (2001) reported 

that clinical mastitis was the second most frequent disease next to reproductive diseases. 

Variation of the prevalence of mastitis due to differences in environment and 

management were repon ed by Odessa (1997). 

There are also some limited reports on the incidence of mastiti s. A survey on bovine 

mastitis in milking cows at Alemaya University Dairy Farm by Tefera (2001) for 6 years 

(from 1993-1998) revealed an over all clinical mastitis incidence of 34 cases/ I 00 cows 
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per year. Nesru, (1999) reported incidence rates of 1.33% and 11.2% per cow per month 

for clinical and subclinical mastitis, respectively in urban and peri-urban dairy fanns in 

Addis Ababa. 

2.7.2. Economic losses 

The economic loss due to mastitis in general in Ethiopia is not known, however, some 

research works indicate that the loss is significant. Bishi, (1998) reported that the 

economic losses from clinical and subclinical mastitis in Addis Ababa milk-shed to be 

approximately 270 birr per lactation. In another study conducted by Mungube (2001) in 

the same study area, losses due to mastitis (milk production losses, treatment cost , 

withdrawal losses and culJing losses) were estimated to be 210.8 birr per cow per 

lactation from which milk production losses contributed 38.4%. The contribut ion of 

subclinical mastitis (94%) to the losses was by far higher than that of clinical mastitis 

(6%). 
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3. MATERIALS AND METHODS 

3.1. Study area 

The study was conducted in Sellale area, North Shoa Zone of Oromiya Regional State, 

which is located northwest of Addis Ababa within about 190 km radius. This area is part 

of the central highlands of the country. Geographically, the Zone is situated between 9° -

10' 24' North-latitude and 37"57'- 39' 33' East latitude (NS DAD, 200 I). The total area 

coverage of the Zone is 11 ,607 krn2 while the altitude of the Zone is ranging from 1000-

3500 masl (CSA, 2003). The high land, mid land, and low land cover 54%, 28% and 18% 

of the total land mass, respectively (EASE, 2003). The mean annual rainfall of the Zone is 

l026mm and the daily mean maximum and minimum temperature are 20.6Soc and 

11.230c, respectively. The human population of the zone is estimated to be 1,420,571 

with crude population density of 124 persons per km2
• The average family size is 4.7 

. 
persons per household. The specific study area from the Zone is Mullo-Sullulta woreda. 

3.2. Study population 

According to the census result of CSA (2003), the total canle population of Oromiya 

Regional State and North Shoa Zone is estimated to be 18,035,686 and 1,173,543, 

respectively. The majority of callie population is indigenous breed (99.26%) with the 

exception of 106,225 (0.5 8%) hybrid and 27,220 (0.15%) exotic breeds. The total cattle 

population in Mullo-Sullulta woreda is 186,136 out of which 6,593 heads of cattle are 

crosses of Holstein and indigenous breeds. The study population comprises therefore all 

crossbred cows in the Mullo-Sullulta woreda. 

A total of 109 smallholder dairy fanns including 500 lactating cows with the average herd 

size of 4.44 and originating from 11 peasant associations were randomly selected from 

the sampling frame, in order to determine the status of the prevalence of bovine mastitis 

and to identify the major intramammary infection in the study area. 
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3.3. Study design 

3.3. \. Study type 

A cross sectional type of study was carried out from September 2005 to March 2006 in 

Mullo-Sullulta woreda of the North shoa Zone ofOromiya Regional State. 

3.3.2. Sampling procedure 

All fanners' associations in the Mullo-Sullulta woreda. where smallholder dairying is 

practiced using crossbred cows were considered as the 5 ampling frame . The list 0 fall 

smallholder dairy cattle [anns found in the selected farmers' associations was prepared 

and simple random sampling was camed out to select ranns. All dairy cows in the 

selected [anns were sampled as a cluster. The total number of animals sampled from the 

study area is calculated using the fonnula for one stage cluster sampling (Thrust field , 

1995). The considerations during the sample size detennination included: 95% 

confidence interval, 5% precision and 60% of prevalence from previous studies in similar 

study area (Workineh el al., 2002). Therefore, the sample size needed was detennined as 

g = 1.962*/ nYc + Pexp ( I-Pexp) nd'. 

Where g = number of clusters to be sampled, 

Pexp = expected prevalence, 

d = desired absolute precision 

n = number of animals per cluster, 

Vc = between cluster variance, 

Accordingly the number of herds to be sampled was calculated to be 109. Thus 109 dairy 

cattle herds were sampled as a cluster. All dairy animals in the selected herds (500 in 

number) that were likely to have mastitis were included in the sample. 
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3.4. Data collection 

3.4.1. Screening tests 

Clinical examination 

Clinical cases were recorded at the time of milk sampling. Clinical mastitis was 

diagnosed on the basis of manifestation of visible signs of inflammation. A quarter, which 

was warm and swollen and had pain upon palpat ion was considered to have acute clinical 

mastitis and misshaped, atrophied, hard and fibrotic quarters were considered to have 

chronic mastitis (I OF, 1987). 

Calirornia lVtastitis Tes t 

The California Mastitis Test (CMT) was carried out as screening test for subclinical 

mastitis and for selection of samples for culture from the cows under study. A squirt of 

milk, about 2ml from each quarter was placed in each of four shallow cups in the CMT 

paddle. An equal amount of the commercial reagent was added to each cup. A gentle 

circular motion was applied to the mixtures, in a horizontal plane for 5 seconds. The 

reaction was interpreted based on the thickness of the gel fanned by CMT reagent and 

milk mixture, and the test results were scored as negative (0), trace (T), + (weak positive), 

++ (distinctive positive), and +++ (strong positive) according to the Quinn ef af. (1994) 

(Annex 2). Quarters with CMT score of + 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. 

3.4.2. Milk sample collection procedure 

Procedures for collecting milk sample were conducted according to Quinn el af. (1994). 

Strict aseptic procedures were used when collecting mi lk samples in order to prevent 

contamination with microorganisms present on the skin of cow's flanks, udder and teats, 
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on the hands 0 f t he s ampler and in the b am environment. Udders and especially t eats 

were cleaned and dried before sample collection. Each teat end was scrubbed vigorously 

with a pledged of conon moistened (but not completely wet) with 70% ethyl alcohol; 

scrubbing the teats on the far side of the udder fi rst , then those on the near side to avoid 

recontamination of teats during sc rubbing. A separate pledged cotton was used for each 

teat. The lime chosen fo r milk sample collection was before milking. This is because the 

cell count is elevated immediately after mi lking and for at least six hours thereafter. Teats 

towards the sampler were sampled first and then the far ones. The first 3-4 streams of 

milk were discarded. The collecting universal vial was hold as near and horizontal as 

possible and by turning the teat to a near horizontal position Sml of milk was collected 

into the vial. After collection, the sample was placed and held in an icebox for 

transponation to the National .A.nimal Health Research Center at Sebeta and samples were 

stored at 4°C until processing for bacteriological examination. 

3.4.3. Bacterial isolation 

Bacteriological examination of the milk was carried out following standard procedures 

(Quinn er 01. , 1994). One standard loop (O.Olml) of milk sample was streaked on 5% 

blood agar. The inoculated plate then was incubated aerobically at 3 °c for aboUl 24 to 

~8 hours. The plates were examined for gro\\1h and morphologic features: that is colony 

size. shape. color and hemol}1ic characteristics. Gram staining was used to classify 

bacteria as gram positive or negative and as cocci, rods and pleomorphic rods . Based on 

the abo\'e results. suspecte-d colOnies were isolated on to blood agar plates for funher 

investigation. This was followed by examination of biochemical or metabolic properties 

ofrhe organism in question as presented in Annex 3. Interpretation was made as pro\'ided 

by ]\ational ~1astitis Council C\ ivtC) (1990). The bacteriological culture was considered 

as negative if no growth occurs after 72 hours of incubation. I solation of two or more 

colonies from a quaner sample was considered as contaminated and the result was 

disregarded. 
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3.4.4. Antimicrobial sensitivity test 

In-vitro antibiotic sensitivity test (Kirby-Bauer disk diffusion method) (Carter el al. 1991) 

was carried out on the isolates using the following antimicrobial drugs: ampic ilin 10, 

(AMP 10), penicillin GIO (PEN 10), kanamycin (100), erythromycin (ERYI5), 

polymixin B (PB300) streptomycin (S I 0), Oxytetracyclin (OXTE 30), and sulfonamide 

300 (SULPHA 300) sensitivity discs (NCClS 1997). Mueller-Hinton agar for less 

fastidious bacterial isolates, and 5 % sheep blood a gar for Streptococci species isolates 

were used as plating medium. An'tibiotic impregnated paper discs and plates were 

incubated at 37°c for 8 - 12 hours. The diameter of zones of growth inhibition was 

measured in millimeters and reported as susceptible, intermediate or resistant (Annex 14 

and 15). 

3.4.5. Questionnaire survey 

A structured questionnaire with the primary objective of elucidating the multifactorial 

background of bovine mastitis was conducted. Information about cow and fam attributes 

was collected. Among the information collected the cow attributes include parity status 

and stage of lactation while the farm attributes include herd size, bam floor status, 

washing of milker's hand, washing udde.r before milking, use of separate towel for 

individual cow and sequencing milking of mastitic cows (Annex 1). 

3.5. Statistical ana lysis 

In this study, the occurrence or non-occurrence of clinical and subclinical mastitis at herd, 

cow, and quarter level as defined by the CMT score and bacteriological result was the 

dependent variables. Independent variables at the cow levels included parity, stage of 

lactation herd size and presence of teat lesion. The independent variables at herd level 

included blrim floor status, milking hygiene and milking mastitic cows at last. Stage of 

lactation was classified into three in such a way that beginning of lactation referred to the 

first two months of lactat ion period, middle of lactation referred to the next five months 
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period and end of lactation referred to the last weeks of lactation. A farm was considered 

to have good barn floor status, if the floor is made of concrete a nd bad if the floor is 

muddy. A fann was regarded as having good milking hygiene, ifit practi ced either two of 

the practices including washing of hand before milking, use of separate towel for each 

lactating cow and drying of udder after washing. 

Collected data was entered and stored in Microsoft Excel (2000). Descriptive statistics 

were estimated using SPSS fo r Windows (release 11 .5.0, 2002). Analyses of associations 

between the prevalence of subclinical mastitis at cow and herd level with risk factors 

were estimated by univariate and multivariate logistic regression of lntercooled Stata 7.0 

(2000). 
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4. RESULTS 

4.1. Preva lence study 

Among the total of 2000 quarters of the 500 lactating cows, 45 Quarters (2.25%) 

belonging to 37 cows \vereb lind and 17q u3rters(O.87%)belongingto 16cowswere 

affected by clinical mastitis. From cows having blind quarters, 30 (8 1.1 %) cows had only 

one blind quarter, 6 (16.2%) cows had two blind quarters and I (2.7%) cow had three 

blind quarters. With regard to the location of the blind quarters, 15 (33.3%), 11(24.6%), 

10 (22.2%), and 9 (20.0%) were at the right rear, right front , left rear and left front 

positions, respectively. 

4.1.1. Prevalence of clinical mastitis 

As can be seen in Table I , a total of 14 herds (12.8%), 16 cows (3.2%) and 17 quarters 

(0.87%) had clinical mastitis based on CMT. Out of the 17 quarters, 4 (23.52%) and 13 

(76.42%) were acute and chronic form of mastitis, respectively. Mastitis causing bacteria 

were isolated only in 12 herds (11%), 13 cows (2.6%) and 10 quarters (0.51%) (Table I). 

Regarding the locations of quarters, which had culture isolates, 1 (10%) was right rear, 4 

(40%) were right fronl , 3 (30%) were left rear and 2 (20%) were left front. 

Table I. Prevalence of clinical mastitis at herd, cow and quarter levels based on 

CMT and culture 

Observation level 

Herd level 

Cow level 

Quarter level 

N 

109 

500 

1955 

N- number of observation, n-==number of positives 

CMT (n) 

12.80 (14) 

3.20 (16) 

0.87 (17) 

20 

Prevalence 

Culturing (n) 

11.00(12) 

2.60 (13) 

0.51 (10) 



4.1.2. Prevalence of subclinical mastitis 

The prevalence rates of subclinical mastitis at herd. cow and quaner level based on eMT 

and bacteriological culturing are presented in Table 2. From a total of 77 (70.6%) herds. 

147 (30.4%) cows and 264 quaners. which were eMT positive. mastitis causing bacteria. 

were isolated from 59 (54.7%) herds, 108 (22.3%) cows and 195 (10.06%) quarters. 

Table 2. Prevalence of sub-clinical mastitis at herd, cow and quaner level after 

CMT and culturing 

Observation level 

Herd level 

Cow level 

Quarter level 

N 

109 

484 

1938 

CMT (n) 

70.60 (77) 

3.0.40 (147) 

13 .63 (264) 

N- number of observation. n=number of positives 

Prevalence 

Culturing (n) 

54.70 (59) 

22.30 (108) 

1006 (195) 

From the eMT negative quarters. 1604 (95.8%) were without any reaction while 70 

(4.2%) were with trace reaction. From the 13 .63% prevalence of subcli nical mastitis with 

CMT. 4.12%, 4.03%. and 5.41% of the eMT positive quarters were week (+), moderate 

(++), and strong (+++) reactors. As to the locations of quarters with culture isolates. 71 

(26.9%) were right rear. 67 (25.4%) were right front, 67 (25.4%) were left. rear and 59 

(22.3%) were lell front. 

4.2. Bacterial isolates 

The li st, number and proportion of the bacterial isolates from a total of 109 cows and 28 1 

quarters are presented in Table 3. A total of 199 isolates were found of which 10 (5%) 

were found from milk samples collected from clinically mastitic quarters. The most 

important isolates from the clinically mastitic quarters were SI. dysgalcliae (30%) and Sl. 

agalacliae (30%) . 
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About 95% (n=189) of the isolates were found from milk samples originat ing from cows 

without any apparent clinical signs of mastitis . The most commonly found isolates in a 

decreas ing order of freq uency are S. aureus (46.6%), S. epidermidis (22.8%), SI. 

agalactiae ( Il.l %) and St. uberis (10. 1 %). Others isolates include S. imermidius, St. 

dysgalctiae, Micrococcus species, B.cems, A. pyogelles, E. coli, and C. bovis. Of the total 

isolates from subclinical cases, 185 (97.9%) showed single growths while 4 (2.1%) had 

mixed growths. 

Table 3. Type of mastitis pathogens isolated from CMT pos it ive milk samples 

!Type of isolates Clinical Subclinical 

N Proportion from N Proport ion from 

Total (%) Total (%) 

S. aureus 2 20 88 46.6 

S. epidermidis I 10 43 22.8 

S. illlermidifls I 10 2 l.1 

Micrococclls spp - - 5 2.6 

St. agalaeriae 3 30 21 Il.l 

St. dysgalctiae 3 30 I 0.5 

St. uberis - - 19 10.1 

B. cerll$ - - 4 2.1 

A.pyogenes - - 4 2.1 

E. coli - - I l.1 

C. bovis - - I l.1 

Total isolates 10 189 

Based on their importance, 80% (n=8) of the isolates from the clinical cases were major 

pathogens while the rest were minor pathogens. In the case of subcl inical mastitis, 134 

(70.9%) isolates were major pathogens while 55 (29.1%) were minor pathogens . . Aunong 

the major pathogens the predominant isolate was S. aureus (65.3%) (Figure I) and that of 

minor pathogens was S. epidermis (77%) (Figure 2). 
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Figure 2 

1 

11 3%1% O S. aureus 
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as major pathogens 
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Proponion of different bacterial isolates from subclinical cases classified 

as minor pathogens 

When the isolates are classified based on their origin, 80% (n=8) of the isolates from the 

clinical cases were contagious pathogens while the rest were environmemaJ pathogens In 

the case of subclin ical mastit is, 115 (608%) isolates were contagious pathogens while 7-l 

(392%) were environmental pathogens Among the contagious pathogens the 

predominant isolate was S aUf"f!ClS (77%) (Figure J) and that of environmental pathogens 

\\as S. epldernJls (58%) (Figure 4) 

23 



Figure 3. 

1%3%1% 
o S.Bureus 88 

. Sr agalactlae 21 

o Sf dysaga/actlae 1 

o A pyogenes 4 

a C boy's 1 

Proportion of different bacterial isolates from subclinical cases classified 

as contagious pathogens 

5% 1% El S. epidermidfs 

o S.intermidius 

o Micrococcus spp 

o St.uberis 

0B.cerus 

o E.coli 

Figure 4. Proportion of different bacterial isolates from subclinical ClL'IeS classified 

as environmental pathogen.~ 
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4.3. Risk factors associated witb subclinical mast itis 

The results of a univariate logistic regression revealed that stage of lactation (p<O.05), 

parity (p<0.05) and presence of teal lesion (p<0.0 1) had significant effect on the 

prevalence of subclinical mastiti s at cow level. The prevalence rate was higher in cows 

with mort;; than 3 pari ties number (OR= 1.58), in cows that were at the end of their 

lactation period (OR=1.48) and in cows with teat lesions (OR=6.44) (Table 4). All the 

fann attributes (bam floor status, milking hygiene and milking of mastitic cows at last 

had no significant effect of the prevalence of subclinical mastit is at cow level. 

Table 4. Association of ri sk factors wi th the prevalence of sub-clinical mastit is at 

individual animal level (univariate logistic regression) 

Risk factors Groups N Prevalence P-value OR CI 

(%) 

Stage oflactation Beginning 86 16.3 0.016 1.481 1.076·2.039 

Middle 242 20.2 
End 156 28.8 . 

Parity number 1·3 334 19.8 0.045 1.579 1.010·2.468 

;.l 150 28.0 

Herd size 1·3 115 26.1 0.267 0.759 0.467·1.234 

>3 369 21.0 

Presence of teat lesion Yes II 63.6 0.003 6.446 1.850·22.452 

No 473 21.4 

Bam floor starus Good 332 22.3 0.984 0.995 0.627· 1.578 

Bad 152 22.4 

MIlkmg hygiene Good 240 22.1 0.904 0.974 0.635-1.49-l 

Bad 244 22.5 

Milking mastitic cows at last Yes 193 22.8 0.835 1.047 0.677-1.619 

0 291 22.0 

N- Number of observations 

Risk factors that had signi ficant effect on the prevalence of subclinical mastitis at cow 

level with univariate logistic regression were fitted in a multivariate model. The results 

showed that the effects of stage of lactation (p<O.05), and presence of teat lesion (p<O.O 1) 

were significant (Table 5). According to the results, there was a positive association 

between prevalence of mastiti s and stages of lactation and presence of teal lesion. In 
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addition, the prevalence was also higher in cows with teat les ion than those without teat 

lesion. 

Table 5. Association of risk factors with the prevalence of sub-clinical mastitis at 

individual animal level (multivariate logistic regression) 

Ri sk factors Groups N Prevalence P-value OR CI 

(%) 

Stage oflactation Beginning 86 16.3 0.020 1.473 1.064-2.041 

Middle 242/ 20.2 

End 156 28.8 

Parity number 1-3 334 19.8 0.079 1.503 0.953-2.371 

>3 150 28.0 

Presence of teat lesion Yes II 63.6 0.004 6.218 1.765-21.902 

No 473 2 1.4 

Moreover, the effects of the potential risk factors at herd level were analyzed usmg. 

univariate logistic regression and the results revealed that non of the factors considered 

had significant effect the prevalence of subcl inical mastitis at herd level (p>O.OS) (Table 

6). 

Table 6. Association of risk factors with the prevalence of sub-clinical mastitis at 

herd level (univariate logistic regression) 

Risk ractors Groups N Prevalence P-value OR CI 
(%) 

Herd size 1-3 45 48 .9 0.301 1.505 0.693-3 .710 

>3 61 59.0 

Bam floor starus Good 65 58.5 0.409 1.468 0.627-1.578 

Bad 41 48 .8 

Milking hygiene Good 46 60.9 0.706 1.180 0.634·1.494 

Bad 60 50.0 

~hlking mastitic cows at last Yes 38 60.5 0.369 1.500 0.619-3.631 

No 68 51.5 

N- Number of observations 
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4.4. In-vitro antimicrobial susceptibility results 

The results of antimicrobial sensitivity test for the different isolates are presented in Table 

6. Isolates of S. allrells showed moderate to very high resistance for ampicilin (53.4%), 

penicillin 45.3%, streptomycin (63.35%) and polymixin B (97.7%). S. epidermidis 

isolates were highly resistant to polymixin (95.2%), oxytetracyclin (83.3%) and ampicilin 

(70.8%). Except to sulfonamides, isolates of S. intermidius were susceptible to all the 

antimicrobials applied. St. agalactiae isolates showed the highest resistance for 

kanamycin (53.8%). St. dysgalctiae isolates were strongly susceptible for all 

antimicrobials except kanamycin and erythromycin. Substantial isolates of SI. uberis were 

susceptible for most of the tested antimicrobials except kanamycin. All the isolates of B. 

cems were resistant to most of the isolates except for ampicilin, penicillin and polymixin. 

Except for penicillin, polymixin and sulfonamide, isolates of A. pyogelles showed high 

degree of resistance for the other drugs. 
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Tobie 7. In-vitro antimicrobial susceptibility test rcsulls 

Isolates N Responses to application of antimicrobial disks (%) 

AMP 10 PEN 10 KAN30 ERY 15 POLY J] 300 STRIO QXY 30 SULPH 300 

R S R S " S " S R S R S R S R S 

S. aureus 85 53 .4 45 .3 45.3 53.4 3.4 96.5 4.7 95.3 97.7 2.3 63.35 36.04 22.9 76.74 37.2 61.32 

S. cpidenuidis 24 70.8 29. 1 45.8 5'1.1 4.2 95.8 8.3 91.7 95.2 4.8 45.8 54.1 83.3 16.7 17.8 82.2 

S. incnmdius 3 100 100 100 100 100 100 100 25.0 75 

$1. agalacllac 13 15.5 84.5 15.'1 84 .6 53.8 46.2 7.4 92 .5 7.6 92.4 15.4 84.6 28.5 70.5 7.6 92 .3 

St. dysgalactiac 3 100 100 33.3 66.6 33 66.6 100 100 100 100 

SI. uberis 19 36.8 63.2 34.5 65 .5 64.5 31.5 100 100 7.4 92 .3 7.5 92.5 30.2 69.8 
~ 

B. ccrus 4 100 100 25.0 50.0 25.0 50 50.0 25 .0 25.0 75.0 25.0 75 .0 25 .0 75.0 

A. pyogcncs 3 66.6 33.3 100 100 100 33.3 66.6 100 100 33.3 33.3 66.6 

N""'Numbcr of ObS(:I'\';l1101I5, S susceptible. R I'C ~ l stancc 
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S. DISCUSSION 

5.1 . Prevalence of clinical and subclinical mastitis 

The overall prevalence of clinical mastit is based on both eMT and culturing at cow level 

in t his study (2.6%) is very close to t he reports 0 f Bishi ( 1998) (4.4%) and M ungube 

(200 1) (3.6) both of which worked in Addis Ababa and the surroundings. In the case of 

subclinical mastitis, the overall prevalence after culturing (22.3%) is in agreement wi th 

the reports of Nesru el al., (1997) (19%) for central parts of Ethiopia, but lower than those 

of Abayineh (2001) (34.6%) and Workineh el al. (2002) (45.4%) for Addis Ababa and the 

surrounding and higher than the reports of Klaustrup and Hall iwell (1997) (17-19%) for 

smallholder dairy farms i n Malawi. The simi lari ty 0 f the results of this study with the 

works of Bishi (1998), Mungube (200 I), Nesru el al. (1997) is due to the similar nature of 

agroeco!ogy. herd size and management systems. The lower prevalence rate found in this 

study as compared to the works of Werkineh el al. (2002) and Abayineh (2001) is due to 

the fact that the two previous reports were from ranns with larger herd size than those of 

the present study. 

5.2. Bacterial isolates 

The isolation of substantial number of staphylococcal (70.5%) and streptococcal (21.7%) 

species as causes of subclinical mastitis in this study is in agreement with the findings of 

Werkineh el al. (2002) for the same area and Mdegela el af. (2005) in smallholder dairy 

herds in urban and per urban area of the Dodema, Tanzania. The most important isolate 

found in this study was S. ourelis (46.6%). Nesru et al. (1997) and Vaarst and Em'olden 

(1997) also emphasized the leading role of S. aureus in subclinical mastitis. In addition, 

Pyorala (1995) reported that S. aureus was responsible for 30-40% of subclinical mastitis 

cases. The high prevalence S.aureus may be attributed to wide distribution of the 

organisms in side the mammary gland and the skin of teats and udder and its frequent 
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colonization teats (McDona ld. 1997). The ro le of S. aureus as a cause of clinical mastitis 

(20%) in the present study is within the range reponed by Pyorala ( 1995) (20-30%). The 

findings of this study have given highlight on the oven propon ional isolation of major 

pathogenic microorganisms (70.8.%) in the occurrence of subclin ical mast iti s including S. 

Qureus. Sf. ag%ctiae. Sr. uberis. A p)'ogenes. ami E.coli. 

5.3. Effects of different ri sk fact ors 

In this stud~ faml attributes including barn status. milking hygiene and milking mastitic 

CO\\S at last did not have significant effect on the pre\'alence of subcli nica l mastitis. This 

result is nOi in agreement with previolls reports. which indicated that intramammary 

infection is transferred from CO\\ to CO\\ by cleaning towel and milkers' hands (Esa. 

1995). In addition. Al\\ill ('1 (II. (1995) assened that the probability of the occurrence of 

'1ubclinical mastitis in an indi\'idual CO\\ depends on not only the cow risk indicato rs. but 

also on the herd. in which the Co\\ li\(~s. The small herd size of the selected farms in thi~ 

slud~ could be one reason \\11) the etTl!cts of farm attributes \\ere insignificant. 

The significant effect of stage of lactation on prnalence of subclinical mastitis in thi~ 

stud~ is in line \\ith the reports of ),lesru (1999) and ~Iungube CWO]). The later author 

reponed higher prevalence of subcl inical mastitis for cows in I'!i.e stage of lactation and 

\'esru (1999) reported higher prevalence in cows at 4-6 months of lactation. The same 

trend of association was also indicated by Radostits et a/. (2000) who pointed out that the 

prevalence of subclinical mastitis caused by contagious pathogens such as S. aurells. 

II1c reases as stage of lactation progresses. This is caused by lack of mastitis control efforts 

to limit cow-to-cow transmission of organisms rather than by physiological effect. In thi s 

study, prevalence of mastitis increased sig.nifican tly with parity number. The same pattern 

ofefrect of parity was reponed by Duniel eIll/ .. (\988) and Schukken el ,,/. (1989). The 

authors indicated that younger animals have a decreased susceptibili ty through a more 

effecti\'e host defense mechanism while older cows. espec ially afte r four calving are more 

susceptible to mastitis. The finding in this study regarding the effect of teat lesion was 
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also supported by Pyorala (1 995) who reported by that damage on cows udder and teat 

skin is the most important risk factor of infections. 

5.4. Antimicrobial susceptibility 

According to the results of antimicrobial drug susceptibi lity test, isolates of S.allrells were 

more susceptible to penic ill in, kanamycin, erythromycin, oxytetracyclin and 

sulphonamides but all isolates of s'al/reus showed strong resistance to po/ymb::in B. The 

same kinds of susceptibi li ty pattern results were reported by Nesru (1997) and Mdegela et 

al., (2005). It has been indicated by previous reports that the repeated use of 

antimicrobials against pathogens causing subclinical mast itis increases selection pressure 

for development of drug resistant bacterial strains (Pyorala and Vessa 1995). 
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8. ANNEXES 

Annex 1. Questionnaire Format 

Ovroers' Name _ _ _ __ .Address, ______ ,Date of sampiing, _____ _ 

1. Cow History: 

Breed, ____ Age, ___ Last date of ca lving, ____ _ 

Parity Mastitis history __ (Y IN) 

Teal lesion: present absent Tick infestation, ____ _ 

Gross milk quality: watery bloodtinged Oakes nonnal __ _ 

Sample collected from: RR_ RF_ LF_ LR_ 

CMT score: RR RF LF LR 

2. Milking hygiene practice: 

Do you wash your hand before milking? Yes __ No, __ _ 

Do you wash teat udder before milking? Yes __ No __ _ 

Do you dry the wet udder with separate towel? Yes __ No, __ _ 

Do you practice milking mastitic cows last? Yes __ No __ _ 

3. House floor status: 

Floor type: cOllcrete __ s!oppyllevel , Hardcorc __ sloppy/level, SoilfMuddy 

Roof: metal sheet __ grass, __ _ 

Wall: concretc ___ ,mud, ___ othrs, ___ _ 

Manure disposal : dailly __ weekly __ monthly ___ others __ _ 
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Annex 2. 

Score 

o 
T 

2 

3 

Interpretation of eMT findings 

Interpretation 

Negative 

Trace 

Weak positive 

Distinct positive 

Strong positive 

Source: Quinn el a / ( 1994) 
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Visible reaction 

Milk fluid and nonnal 

Slight precipitation 

Distinct precipitation but no gel formation 

Mixture thickens with gel formation 

Viscosity greatly increased, strong gel i.e. 

cohesive with a convex surface 



Annex 3. Flow chart for isolation and identification of bacteria from milk 

Collection of milk sample 

CMT 
1 
1 

Culture respective ofCMT result 

Inoculation onLood agar 

1 
Incubation at 37°C for 24-48 hours 

Observation of cJony characteristics 

Subculturing on blood agar and MacConkey agar 

1 
Incubation at 37°C for 24 hours 

1 
Primary identification 

~ Growth on MacConkey agar 

);> Catalase test 

}- Oxidase test 

);> 0 - F test 

,.. Motility test 

1 
Secondary biochemical tests 
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, Carbohydrate fennentation 

};- Citrate utilization 



Annex 4. Primary identification of gram-positive bacteria 

Oxidative 

COCCI Cat. + l Ox. + A1icrncnccus spp. -
Fennentative 

Cat.+ I Ox.- SlapiJylococclis spp. 

Fennentative 
Cat. - 10x.- Streptococcus spp. 

Unreactive 
Cat. +I Ox. - Rhodococclls equi 

GRAM-POSITIVE 
BACTERIA 

Oxidative Nocardia asteroids 
Cat. + 10x.- Bacillus spp. * (some) 

RODS 
Actinomyces viscoslls 

Fermentative Bacillus spp. * (some) 
Cat.+ I Ox.- Corynebacterium spp. 

Listeria spp. * 

Actinomyces spp.* (most) 
fermentative Actinomyces pyngenes 

Cat. - I Ox.- --. Erysipelothrix spp. 
Clostridium spp. **/* 
Eubacterium spp. *. 
Lactobacillus spp. 

Unreaclive 
Cat. +I Ox.- Rhodococclis eqlli 

(Cat. "" Catalase: Ox. = oxidase; - = positive reaction; - = negative reaction; ! = variable: 

": motile; •• = anaerobic) 
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Annex 5. Primary identification of gram-negative bacteria 

No growth on Oxidative 

COCCI :-. MacConkey f--o Cat. +1 Ox. + 1-+ Neisseria spp. 

(Cocco 
Branhamelfa spp. 

baci ll i) f-+ Growth on I-> 
Oxidative or unreactive 

MacConkey Cat. +1 Ox. - 1-+ AcinetobaCler spp. 

Oxidative 
Cat. +I Ox. + 1-+ Flal'Obacterium spp. 

Fennentative 
Cat.+ l Ox. + f-+ Pasteurella spp.(most) 

GRAM- EGATIVE 

BACTERIA Unreactive Brucella spp. 
Cat. +/ Ox. + 1-+ Haemophifus spp. 

Pasteurella analipest/je,. 

Taylorella equigenitalis 

Unreactive 

No growth Cat.-± l Ox. + 1-+ Moratella spp. 

on I-> Campy/obacte,. spp. 

/ MacConkey Unreactive 
Cat.+ l Ox. - 1-+ Francisella tufarensis 

RODS 
Oxidative 

Cat.+ I Ox.+ --+ Pseudomonas spp. *(most) 

~ Fenncntative Aeromonas spp. * 

Cat. + I Ox. + --+ Pasteurella IwemofYlica 
Plesiomonas spp. * 

Fennentative 

Growth on Cat.+ I Ox.± --+ Actinobacillus spp. 

MacConkcy 1-+ Fcmlcntative Enterobacteriaceae· 

Cat. + 10x.- --+ Pasteurella caballi 

Unreact ive Bordetella spp. * 

Cat. + I Ox. + --+ AlcaliRenes spp. * 

(Cal. =Calalase; Ox. =oxidase,' += pos;t;\'f~ reaction; . '" negalil'e reaction; !: = l'ariable, *= motile) 

Source: (Quinn et ai., 1999) 
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Annex 6. Primary identification tests 

Gram 's stain (Carter, 1984) 

Procedure: 

• Make a thin smear or film 

• Allow the film to dry in air 

• Fix the film by passing through the Bunsen flame several times 

• Flood the slide with crystal vio let fo r 30 to 60 seconds 

• Pour of the stain and wash the remaining stain with iodine solution 

• Wash off the iodine and shake the excess water from the slide 

• Decolorize with acetone alcohol 

• Counter stain with safranin for 30 to 60 seconds and wash with water 

Catalase test (Quinn e( ai, 1999) 

Principle: The break down of hydrogen peroxide into oxygen and water is mediated by 

the enzyme catalase. 

Procedure: A loopful of the bacterial growth is taken from the top of the colonies 

avoiding the blood agar medium. The bacterial c ells are placed on a clean microscope 

!ilide a m..l a d rap 0 f 3 % H 202 is a dded. An effervescence 0 f 0 xygcn gas, within a few 

seconds, indicates a positive reaction. 

Oxydase test (Quinn e( al., 1999) 

Principle: The cytochrome oxidase enzyme is able to oxidize the substrate tetramethyl-p­

phenylenediamine dihydrochloride, fonning a coloured end product, indophenol. 

Procedure: Prepare a solution 0 f 1 % t etramethyl-p-phenylenediamine d ihydrochloride, 

then a piece of filter paper is moistened in a Petri dish with fresh reagent and the test 
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bacterium is streaked fiffilly across the filter paper with a glass rod. A dark purple colour 

along the streak line with in 10 seconds indicates a positive reaction. Pseudomonas 

aerugenosa can be used as a posi tive control organism 

O-F test (Quinn et aI., 1999) 

Procedure: Prepare O-F base mediwn and when the O-F base has cooled to 50 °C add 20 

ml of sterile glucose solut ion into 200 ml of O-F base, for a final concentration of 1 % 

glucose and dispense in to tubes. Two tubes of the O-F medium are heated in a beaker of 

boiling water immediately before use to drive off any dissolved oxygen and the tubes are 

then cooled rapidly under cold running water. Both tubes are stab-inoculated with the 

bacterium and a layer of sterile paraffin oil is layered on top of one of the tubes (sealed 

tube) to a depth of about lcm and the tubes are incubated at 37°C and examined in 24 

hours and then daily for up to 14 days. 

Motility test (Quinn el al., 1999) 

Procedure: SlM medium (BBL) was used to detect motility and the medium was stab 

inoculated using a straight wire. Then the tube is examined for motility after 24 and 48 

hours . If there is a diffuse growth throughout the medium, the bacterium is motile. The 

growth of a non-motile bacterium is confined to stab line. To interpret the results, hold 

the tube against a good light and compare the inoculated tubes with un inoculated one. 

CAM P test (Quinn el al., 1999) 

Procedure: A culture of the Staphylococcus aureus, with a wide zone of partial 

haemolysis (beta-haemolysin) is streaked across the center of a sheep or ox blood agar 

plate. A streak of the suspect Group B streptococcus is made at right angles to, and taken 

to with in 1 to 1.5 nun of staphylococcal streak. The plate is incubated at 37°C for 18 - 24 

hours. An arrow- head of complete haemolysis, indicates a positive CAMP test. The 

group B streptococci produce diffusible metabolites that complete the lysis of the red 

cells, only partially haemolysed by the beta - haemolysin of the staphylococcus. 
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Annex 7. Secondary identification tests 

Indole test (Quinn el al., 1999) 

Principle: Indole positive bacteria possess an enzyme tryptophanase which convens 

tryptophan to indole. 

Procedure: Stab inoculate SlM medium with test bacterium and incubate at 37°C for 18 

to 24 hours. Then add Kovac's reagent (0.2 ml) to tube and stand for 10 minutes. 

Interpretation: The fonnation of dark red ring indicates positive reaction whi le in negative 

reaction a yellow ring is fomled. 

Methyl red (M R) test (Quinn et al .. 1999) 

Principle: It is a quantitative test for acid production, requiring positive organisms to 

produce strong acids (lactic, acetic, and fonnic) 

Procedure: Inoculate MR·yP broth with pure culture of test organism and incubate at 

37°C for two days. then add 5 drops of MR solution in to the media. 

Interpretation: Production of red colour indicates a positive result and yellow colour 

negative in methyl red test. 

Voges-Proska uer (V P) test (Quinn et al., 1999) 

Principle: Some organisms produce acetoin as the chief end product of glucose 

metabolism and fonn less quantity of mixed acids. 

Procedure: Inoculate MR· VP broth with pure culture of the test organism and incubate at 

37°C for 2 days. Then aliquot I ml of broth to a clean test tube and add 0.6 ml of 5 % a-
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naphthol followed by 0.2 ml of 40 % KOH . Shake the tube gently to expose the medium 

to atmospheric oxygen and allow the tube to remain undisturbed for 10 to 15 minutes. 

Interpretation: A pink colour indicates a positive reaction. 

Urease test (Quinn et al., 1999) 

Principle: Urease is an enzyme possessed by many species of microorganism that can 

hydrolyze urea with the formation of ammonia (alkaline). 

Procedure: The surface of the agar slant is streaked with the test organism and incubated 

at 3 f c for 18 to 24 hours. 

Interpretation: Organisms that hydrolyze urea rapidly may produce positive reaction with 

in 1 or 2 hours. Red (pink) colour through out medium indicates positive reaction 
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Annex 8. 

Test 

Catalase 

Coagulase 

Haemolysis 

Manitol (Al 

Maltose (Al 

Glucose (A 

DifTerentiation of mastiti s causing Staphylococcus spp and Micrococcus 

spp 

S. a!lrellS CNS Micrococcus 

+ + + 

+ 

+ 

+ 

+ V 

+ + 

+ Positive reaction, .- Negative reaction, v =variable reaction, A acid production 
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Annex 9. Differentiation of mastitis causing streptococcus species 

Species CAMP Test 

Str. agolactiae + 

Str. uberis 

SIr. dysga/actiae 

SIr. jaecalis 

Sfr. pyogells 

Sfr. plluemolliae 

± 

Growth on 
MacConkey 

+ 

Easculin 
hydrolysis 

+ 

+ 

+ 

+ Positive reaction, - Negative reaction, ± Positive or Negative 
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Other Confirmatory Tests 

Manitol +(A) 

Salicin +(A) 

salicin +,Manitol + 

Salicin (-) 

Manitol (-) 

... 



Annex 10. Differential test used for Bacillus spp. 

Species Citrate Arabinose Manitol Voges Proskauer 

B.steariothermophilus v 

B.cems + + 

B.pumilus ... ~ + + 

B.brevis d d 

B.coagulolls d d d d 

V=",ariable reaction. d 11 -89% strains are posili\'e 

Source: Carter (1990) 
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Annex II. Differential tests used for Corynebacterium and Actinomyces spp 

Species Catalase Haemolysis Glucose Lactose Mahose Trehalose 
test 

C. u/ceralls + V + + + 

Chavis + 

C.pseudolubercu!osis + + + + + + 

A.pyogenes + + + + V 

V-Variable reael/on, 

Source: Caner (1984 ). Quinn ef al. (1999) 
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Annex 12. Differential test used for Gram - negative rods 

G-ve bacteria 2 3 4 5 6 7 8 9 

E.col i + + (+) Y/Y, Gas+, H,s ' + 

K. p nellmoniae + + + + YfY, Gas+, H,S . + 

C. freulldi + + + YN , Gas+, H2S+ + 

P. aellrogillosa + RIR, Gas+, HIS' + + 

P. mirablis + ± + Y N, Gas+, H2S+ + 

P. \'li lgaris + + D + Y!Y, Gas·, H2S' + 

E. aerogenes ± D + Y!Y. Gas', H2S . + 

E. agg/omeralls + + + D D Y/Y, Gas', H2S' + 

P. mulrocida + H2S' ± 

l=indole test, 2=Methyl red test, 3-VogesProskauer test, 4=Citrale Ulilizalion, 5:::1ysine decarboxylase 

test, 6=urase test, 7=TSI test, 8=oxidase test, 9=GrO\lo1h on MacConkey agar D = 26-75% of strainS 

positive, (+)=76-89% Of strains are posillve 
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Annex 13. Media used for isolation and identification of bacteria 

1. Blood Agar Base (BBL "', Becton Dickinson, USA) 

Composition (gil): Heart muscle, infusion from (solids) 2.0; pancreatic digest of 

casein 13.0; Yeast extract 5.0; sodium chloride 5.0; agar 15.0 

Preparation: Suspend 40.0g of the powder in 1 liter of distilled water. Mix 

thoroughly. Heat with frequent agitation and boil for I minute to completely 

dissolve the powder, Autoclave at 121 °C for 15 minutes. Cool the base to 45 to 

SO°C and add 5% sterile defibrinated blood. 

2. MacConkey Agar (Oxoid, Hampshire, England) 

Composition (gil): Peptone 20.0; lactose 10.0; bile salts No.3 1.5; sodium 

chloride 5.0; neutral red 0.03; crystal violet 0.00 1; agar 15 .0 

Preparation: Suspend 51.5g in I liter of distilled water. Bring to boil completely 

Sterilize by autoclaving at 121 °C for 15 minutes. 

3. SlM Medium (BBL "', Becton Dickinson, USA) 

Composition (gil): Pancreatic digest of casein 20.0; peptic digest of animal tissue 

6.1; ferrous ammonium sulfate 0.2; agar 3.5 

Preparation: Suspend 30g of the powder in 1 liter of distilled water. Mix 

thoroughly. Heat with frequent agitation and boil for Iminute, Autoclave at 12 1°C 

for 15 minutes. 

4. O-F basal medium (Merck, Darmstadt, Germany) 
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Composition (gil): Peptone from casein 2.0; yeast extract 1.0; sodium chloride 

5.0; Di-potassium hydrogen phosphate 0.2; bromothymol blue 0.08; agar-agar 2.5. 

Preparation: Suspend Ilg in I liter of distilled water by heat ing in a boiling water 

bath or in a current steam, autoclave (15 minutes at 121 °C); at approximately 50°C 

mix in 100mV liter of filter sterilized 10% solution of 0 (+) glucose, lactose, 

sucrose, or other carbohydrates; dispense in to tubes to give a depth of 

approximately 5cm. 

5. Phenol-red broth base (Merck, Darmstadt, Gemlany) 

Composition (gil): Peptone from casem 5.0; peptone from meat 5.0; sodium 

chloride 5.0; phenol red 0.0\8. 

Preparation: Suspend J 5g in 1 li ter of distilled water; dispense into tubes and insert 

fcmlentation tubes; if necessary; autoclave (15 minutes at 121 °C). At less than 

60°C add the reactants (final concentration 5 to 109 / liter) as sterile solutions. 

6. Mannitol Salt Agar (Dirco, Detroit , USA) 

Composition (gil): Proteose peptone No.3 10.0; BaclO·beef ex tract 1.0; D· 

mannitol I 0.0; sodium chloride 75 .0; Bl'lcto·agar 15 .0; phenol red 0.025 

Preparation: Suspend II Jg in I liter distilled water and heal to boiling to dissolve 

completely. Sterilize in the autoclave for 15 minutes at 15 pounds pressure 

(121 ' c). Cool to 45 to 50' C and dispense in to Petri dishes . 

7. Nutrient agar (Oxoid, Hanlpshire, England) 

Composition (gil): "Lab-Lemco" powder 1.0; yeast extract 2.0; peptone 5.0; 

sodium chloride 5.0; agar 15 .0. 
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Preparation: Suspend 2 8g in I 1 iter 0 f distilled water. Bring to boil to dissolve 

completely. Sterilize by autoclaving at 121 °C for 15 minutes. 

8. Triple sugar iron agar (Merck, Germany) 

Composition (gil): Peptone from casein 15 .0; peptone from meat 5.0; meat extract 

3.0; sodium chloride 5.0;lactose 10.0; sucrose 10.0; D (+) glucose 1.0; ammonium 

iron (Ill) citrate 0.5; sodium thiosulfateO.5; phenol redO, 0024; agar - agar 12.0. 

Preparation: Suspend 65g in 1 liter of distilled water by heating in a boiling water 

bath or in a current steam; dispense in to tubes; autoclave (15 minutes at 121 °C). 

Allow to solidify to give agar slants. 

9. Simmons Citrate Agar (BBL ®, Becton Dickinson, USA) 

Composit ion (gil): Ammonium dihydrogen phosphate 1.0; dipotassium phosphate 

1.0; sodium chloride 5.0; sodium citrate 2.0; magnesium sulfate 0.2; a gar 15.0; 

bromo thymol blue 0.08. 

Preparation: Suspend 24.2g of the powder in 1 liter of distilled water. Mix 

thoroughly, heat with frequent agitation and boil for I minute to completely 

dissolve the powder. Autoclave at 121 °C for 15 minutes. Cool tubed medium in a 

slanted position for slants. 

10. Edwards medium, modified (Oxoid, Hampshire, England) 

Composition (gil): "Lab-Lemco" powder 10.0; peptone 10.0; aesculin 1.0; sodium 

chloride 5.0; crystal violet 0.00 13; thallus sulphate 0.33; agar 15.0. 
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Preparation: Suspend 41g in 1 liter of distilled water. Bring to the boil to dissolve 

completely. Steri li ze by autoclaving at 115°C for 20 minutes. Cool to 50°C; add 5 

to 7% of sterile bovine or sheep blood. Mix well and pour plates 

II. Eosin Methylene Blue Agar (modified) Levine (Oxoid, Hampshire, 

England) 

Composition (gil): PeptoneIO.O; lactose 10.0; Dipotassium hydrogen phosphate 

2.0; eosin Y 0.4; methylene blue 0.065; agar I 5.0. 

Preparation: Suspend 37.5g in 1 li ter of distilled water. Bring to the boil to 

dissolve completely. Sterilize by autoclaving at 121 °C fo r 15 minutes. Cool to 

60°C and shake the medium in order to oxidize the methylene blue (Le. restore its 

blue colour and to suspend the precipitate which is an essential parts of the 

medium. 

12. MR-VP medium (Oxoid, Hanlpshire, England) 

Composition (gil): Peptone 7.0; Glucose 5.0; Phosphate buffer 5.0 

Preparation: Suspend 17g in 1 liter of distilled water. Mix well, distribute in to 

final containers and sterilize by autoclaving at 121 °C for 15 minutes. 

13. Urea Agar Base (BBL "', Becton Dickinson, USA) 

Composition (gil): Pancreatic Digest of Gelatin 1.0; Dextrose 1.0; Sodium 

Chloride 5.0; Potassium Phosphate 2.0; Urea 20; Phenol red 0.012. 

Preparation: Suspend 29g of the powder in 100 ml of distilled water. Mix 

thoroughly and Sterilize by filtration. Suspend 15g of Agar in 900 011 distilled 

water, autoclave at 121 °C for 15 minutes. Cool to 50°C and add 100 ml of urea 

agar base. Mix thoroughly and dispense aseptically in sterile tubes. Cool tube 

medium in a slanted position so that deep butts are formed. 
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14. Muller Hinton Agar (BBL ®, Becton Dickinson, and USA Composition (per 

litter-purified water): Beef extract 2gm, Acid Hydrolysate of casein 17.5gm, 

Starch I. Sgm, Agar 17gm. 

Preparation: Suspend 38gm of the powder in I litter of purified water. Mix 

thoroughly. Heat with frequent agitation and boil for I min. to completely dissolve 

the powder. Autoclave at 121°C for 15 minutes. Do not over heat. 
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mex 14. Procedures to conduct antibiotic susceptibi lity test 

Preparation of the inoculum 

lnoculation of a distinct colony in to 5011 of nutrient broth, and incubat at 35·3 ic 

for about 5 hours. Then the turbidity is compared with 0.5MacFamand standard. 

This standard is prepared by adding 0.5 ml of 1 %( 11.75g1litre) BacJ, 2H,Oto 

99.5ml of 1 % (0.36N) H,SQ, 

• lnoculation to Mueller·Hinton Agar 

Mueller·Hinton Agar cooled to 500e and poured in to a steri le Petri dish on a level 

surface to a depth of 4 mm. this is equivalent to 60ml in a 15cm plate and about 25 

011 in a 10 cm plate. For slow growing bacteria 5% defibrinated whole blood could 

be added. Then a sterile cotton swab on a wooden applicator stick is used to transfer 

the diluted bacterial suspension to a plate; excess fluid must be squeezed out by 

rotating the swab against the sides of the tube. T he plate is seeded unifomlly by 

rubbing the swab against the entire agar surface in three differen t planes roughly 60 

degrees to each other. 

• Disc Application 

Within 15 minutes (time used to dry the inoculum) after the plates are inoculated. 

antibiotic impregnated discs are applied to the surface of the inoculated plates by 

hand using a sterile fo rceps. All discs gently pressed down on to the agar with 

forceps to ensure complete contact with the agar surface. The discs should no closer 

than 1.5 cm to the edge of the plate and they should rest 3 em apart from each other. 

The large P etri dishes easily accommodate 9 discs ina uter ring and three i n I he 

center, where as no more than 8 should be placed in small plates (10 em plates). 

• Incubation 

Incubate the plates invented aerobically for 16 to 18 hours at 35°C but not 37°C 
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• lnterpretation 

Inhibition zone is measured in millimeters using a transparent Tuleran the under 

surface of the Petri dish. For measuring purpose the end point is taken as complete 

inhibition of growth as detcffilined by naked eye. The result is interpreted according 

to the table presented below. 

Zone Size Interpret ive Chart for Antimicrobials 

Inhibition Zone Diameter (mm) 

Antimicrobial agent Disc 

potency Resistance Intemlcdiate Susceptible 

Streptomycin S I 0 1 0~g $ II 12-14 2:15 

Oxytetracyclin OXTE 30~g $ 14 15-18 ~19 

30 

Erythromycin EI 5 15~g $13 14-17 ~ 1 8 

Penicillin GIO for 10lU $ 20 21-28 ~ 29 

staphylococci 

PenicilJinG I 0 for other 10 IV $ 11 12-21 ;:: 22 
. . 

microorganisms 

Sulphanomide S 300 300~g 

Streptomycin S 10 10 fU 

Polymixin B PB30 300flg $ 8 9-11 ~ 12 

Kanamycin K30 30~g $ 13 14-17 ~ 18 
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