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ABSTRACT 

A cross sectiona l stud y of bovine mastitis was carri ~d out from September 2009 to May 2010 in urban 

and peri-urban dairy fa rms of Harar town to detennillc the prevalence of mastitis on cow and quaner 

level , to isolate and identify eti ologica l agents fo r Illastitis and to assess the effect of associated risk 

factors. From 36 dairy farm s 34 1 lactat ing cows were investigated. Of these 143 cows (4 1.9%) were 

pos itive by Cal ifornia Mastiti s Test (CMT) and 138 cows (40.5%) were culture positive for mast itis. 

Among culture positive cows 23 (6.8%) and 11 5 (3 3.7%) were infected clinically and sub clinically, 

respective ly. Out of 1364 quarters 51 were blind, 22X ( 17.4%) were positive by CMT and 214 ( 16.3%) 

by culture. Frequency of cl inica l and sub cli nical mast iti s on quarters were 41 (3 .1%) and 173 ( 13.2%), 

respecti ve ly. Logistic regression analys is showed tha t preva lence of mas titi s was significantl y hi gh~r in 

third parity than the lirot (p<0.05) in early lacta ti on suge than in late (p<0.05). Hygiene, venti lation and 

drainage were also found to be sign ificantly associated with the occurrence of masti ti s (p<0.05). 

However, herd (farm) size and quarters position were not significantly associated with mastitis (p>0.05). 

From the iso lated mastitis caus ing pathogens Staphylucoccus species were the most preva lent (42 .9%) 

followed by Streptococcus species (28 .3%), Enlerob{fcler species "Coli form s" (20.0%) and other gram 

pos iti ve bacteria (8.8%). Through the questionna ire survey it was confirmed that poor Iarm 

management , unh yg ienic mi lking practices, lack of knowledge about the role of risk factors on mastitis 
, 

occurrence and hidden (subclinical) mastitis are reasons for the increased prevalence of mastitis (40 .5%) 

in the st LLdy area . Antimicrobial susceptibility test situ wed that most of the iso lates in this stud y were 

fou nd to be highl y sens itive to cloxaci llin, gentamyc in and amoxicillin, and moderately sensitive to 

ampicil lin and oxytetracycl ine. However, Staphylococclls and Streptococcus species were highly 

res istant to streptomycin and penicill in. 

Key words: milking cow, mastitis, prevalence, questi onnaire, risk factor, udder, quarter, 

CMT, cu lture, sensitivity test, dairy farm s. Harare 

x 



I. INTRODUCTION 

Mastitis. inflammation of the mammary gland. is a highly prevalent problem in dairy cattle and is 

one of the most important threats affecting till' dairy industry. Mastitis is a management related 

disease whose prevention and control depends aillong other factors on the type of management 

employed (Mungube el aI., 2004). Mastitis is il re sult of a combined interplay of exposure to 

microbes. cow defense mechanisms and c'Il\'ironmental and managemental ri sk factors 

(Suriyasathaporn el a/. , 2000). The causes 01111"5titis are almost entirely infectious and mostly 

bac teri al. bu t may a lso be caused by non-bacteria l pathogens and chemical or physical agents 

(Wallenberg el ul., 2002) . Mastiti s causing or:'::l lli sms can be excreted through the udder directly 

in to the milk or may originate from the sk in and IllUCO US membranes of the animal or milker and 

envi ronrnent (Bradley, 2002). Mastitis can he class ified as contagious and environmelllai. 

Co ntagious mastitis is caused by bacteria , \\ hieh res ide primari ly in the mammary gland and 

spread liOin cow to cow during milking (Ersk ine, 2001). Environmental mastitis is associated 

with microorganism, present in the environment (Quinn el aI., 2002). Mastitis can be clinical or 

sub clinical type. The clinical type is manifested by signs, which vary with the severity of the 

disease and generally include pain, heat and s\\cl ling of the affected quarter or half of the gland 

and abnormality of milk either as clots or flak e,; and wateriness of the liquid phase. Sub clinical 

type is usually not observable and it can bc' ,k tccteci by direct or indirect Somatic Cell Count 

(Sec) methods. ,·"hich arc e,;scntially measurements of the concentra ti on of Icucocytcs in the 

milk (Mifilin, 2004). 

Mastitis is recognized world wide as a major ca use of economic loss due to reduced milk 

productio n, discarding of mastiti c milk and foll owing antibiotic therapy, increased labor, 

ve terinary and drug cost, early culling of CO \\ s. replacement cost and death of per acute cases 

(Mifllin.2004). 

Ethi opi a holds a large potentia l for dai ry development. The country curren tl y manages the largest 

li vestock population estimated at about 48 million cattle (CSA, 2008). The total annual milk 

production is estimated at 797.900 to I, I 97.5 (1(j metric tones of raw mill<. out of which between 



R5% and 89% is derived fi'om cattle . Per capit " ;I"aila bility was estimated at 17 to 18 kg per ycar 

comparcd to the global average of 100 kg/ ,ea r (FAO, 2003) . Di ffe rent constraints can be 

mcntioned as cause of the low level of milk pl'l,d ll ction in Ethiopia, mastiti s being one of these. 

Mastiti s has received very atten tion in Ethiopi " un which many reports are made by (Bishi 1998: 

Nesrll 1999; Lema el af. 200 I; Workineh el 01 1002: Kerro Dego and Tareke 2003; Mungube el 

of. 2004. 2005; Getahun 2006 and N ibret 2007). and others. However, most of the studies were 

ca rried out in Addi s Ababa, the surrounding. cent ral highlands of Ethiopia and in other limited 

southern and north wes t areas of the country. 

To the researcher' s knowledge in Harari People:; Na tional Regional State, mastitis is not a disease 

that is we ll considered, despite its economi c and pub lic health importance. In line with thi s 

assess ing new area and obta ining information un disease prevalence und associa ted ri sk f11cto rs 

may contribute for design ing and impl emel1ti n ~ clTec tive prevention and control strategies. 

Therefore, the o bject ives of the present study include: 

.:. To determine the prevalence of bovine mas titi s 

.:. To iso late and identify etiological agems of bovine mastitis in the study area 

.:. To identify ri sk fac tors associated with mas titi s 



2. L1TEI~ATURE REVIEW 

2. J. Genera l delinition of bovine mastitis 

In!lammation of the mammary gland caused bv infectious and non-infectious agents and mostly 

bacteria that invade the udder, multiply and produce tox in that are harmful to the mammary gland 

(Mimin.2004). 

C linica l mastitis: is expressed by the prod uction of abnormal milk !lakes, clots or watery 

secret ions from the infected quarter showing c linical signs such as, swelling, heat and pain on 

palpation . In case of acute clinical mastitis, these s igns may be combined with general signs such 

as hyperthermia, anorexia, depressed general condition (Gruent, 2001). 

Sub-clinical mastitis: causes decreased milk pJ'lJduction and lower milk quality and contagious 

bacteria may spread to other quarters. Nevertheless, as often go untreated during the lactati on sub 

cl inical mastitis does not pose threat to the cow 's life or its ability to produce the main sign is an 

increased somatic cell count (SCC) wh ich leads 10 financial losses to the farmer (Gruent. 200 1). 

2.2. E tiology 

More than 130 microbial species have been isolated from bovine mastitis milk samples (Quinn el 

01,2002). The microbial cause of mastitis include a wide variety of bacteria (aerobic, facultativly 

anaerobic, microaerobic and anaerob ic), yeasts. fungi, moulds, algae and virus (Deluyker, 2005). 

Amo ng microorgani sms that cause infection in mammary gland, the most common causes are 

designated in to two categories. Contagious I,a thogcns - that colonize the mammary gland of 

cows. The so urce of infecti on for contagious pathogens is usuall y an infected mammary gland 

and can be spread by milking machines milker's hands and towels. It includes Slapi1y/ococclis 

allrells. SlreplOcoccUS aga/actiae, Mycop/aslIlII bUl'is. CUlynebacteriu/11 bovis and CNS which 

are commensally pers ist in the mammary gland (Quinn el aI., 2002). 



EIlI'irolllllelllal pathogens- that do not nonn"l l.' !llkct th e mammary gland , but can do so when 

the cows ' environment the tea ts and uddn. milkers hands or the milking machine are 

contaminated with these organJsms and the' ~ai n access to the teat cistern. Envi ronmental 

Pathogen includes Escherichia coli, Klebsiella pnellmonia, Enterobacter aerogens, Yersinea, 

Serrat ia .1jJ, Proteus oj), Bacillus sp, EnterococclIsjclecalis Pseudomonas sp. CNS, environment al 

streptococci, COIynobacterium, Yeast or Fungi and many other (Quinn et aI. , 2002). 

Streptococcus disgalactiae appea red to occup ' an intermediate position between the contagiolls 

and environmental gro ups of pathogens . It can he !cllll1d in the env ironment and has been iso lated 

Ii-om th e tonsil , mouth and vagina of cows (Qu inn et al. . (2005) . 

Et io logical agents of mastiti s can be grouped in to major and minor pathogens based on the 

freq uency of iso lation and their invo lvemelll on the occurrence of mastiti s (Q uinn et aI. , 2002) . 

2.2.1. 1"1 ajar Pathogens of Bovine Mastiti s 

Major pathogens are those microbial o rgani sllls invo lved more freq uently on the occurrence of 

bov ine mastitis . More com monl y, they arc Still,ilylococcl/S ourem', Streptococci agalactiae, 

MycoplaslI1C1 bo vis, Escherchia coli, Klebsiellil. Streptococclls disgalactiae, Streptococci IIberis 

und CorvnebClcteriul/1 pyogens (Marion, 2007 ). 

2.2.2 . rvlinor Pathogens of Bovine Mastiti s 

Minor pat hogens are those organi sms infrequc'llt ly associate with bovine mast iti s and are eNS. 

Actynoillyces bovis, Bacilus cems, CiynebllClerillll1 uicerans, environmental Streplococci, 

Protells, Pasleurella sp., Yersinia, Nocardia and o ther (Qu inn et ai, 2005). 



2.3. Epidemiology 

2.3.1 . Ri sk Factors 

Agent 1 ~lcto rs 

The microbial factors which affect mastiti s occ urrence have the ability to survive in the 

immediate environment of the an imal. The ability to co lon ize the teat cluct, the ability to adhere 

to mammary epithelium and not be flushed ou t \\ith the milk flow, the degree of invasiveness. the 

abi li ty to resist phagocytosis and antibacteria l substances in the udder, including resistance to 

antibioti cs (Qui nn el ai , 1994). 

I-lost facto rs 

Stage of" lactation is a potential determinant of both sub clinical and clinical mast iti s. Masti ti s due 

to environmental organisms is most common in the firs t few days after calving and regresses as 

lactation progresses. This is due to the reduction in the immune function soon after calving 

(Radosti ts el al. , 1996). Parity has been showlI tu a risk factor for both sub clinical and clinical 

mastiti s. Young animals have a decreased susceptibili ty through more effective host defense 

mechanisms (Dulin el aI. , 1998). Nutrition and per parturient diseases such as dystocia, 

parturient paresis, retai ned placenta has been identified as ri sk factors for subseq uent 

deve lopment of mastiti s (Radostits, 2001). Genetic va riation in conformation of the udder teats, 

sphincter tone and anatomy of the teat canal, dClc'l"mined in part by hered ity, can be considered as 

componen t of geneti c resistance vari ation among cows (Radostits, 200 I). 

Env ironmenta l factors 

Dairy and milking managemeJ1l have been sho\\'n to be essentially important ri sk factors. Milking 

machine ma lfunction or inadequate design, mil king shade environment including poor hygiene 

predispose cows to mastiti s. Coliform mastiti s is more common in housed cattle than those at 

pasture are. Herd size is another facto r associated with the incidence of clinical mastiti s. As herd 
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size. increases manure disposal and sanitation problems increases exposu re to potential pathogens 

in the immediate environment of the an imal (I\adostits, 200 I). 

2.3.2. Mastitis in Ethi opia 

In ord er to indicate the prevalence, incidence and distribution of mastitis and mastiti s causing 

agents. a num ber of epidemiological studi,' s we re carri ed out in different areas of Ethiopia . 

Among the studies Bishi (1998) reported an over all prevalence of sub clinica l and clinical 

mastiti s of 30.2% and 5.5%. respecti ve ly in urban and peri-urban dai ry production system in and 

around Addis Ababa. In another studies a preva lence of 39% and 37.2% on cows leve l was 

reported by Abdella (1996) and Nesru ( 1999) respectively. In a study conducted at Repi and 

Debre-zeit dairy fa rms, out of 186 lactating cows, 21.5% and 38% were clinical and sub 

clinically infected, respective ly (Workineh et o/. , 2002). 

A study carried out on bovine mastitis in selected areas of southern Ethiopia revealed an ove rall 

prevale nce of 58 .3%, clinical 37% and subclin ica l 62.9% in Holstein fi'esian cows (Kerro and 

Tareh·. 2003). Mungube et o/. (2004) indicated overall prevalence of subclinical mastiti s 46.6% 

al cow levelin central highlands of Ethiopia . Recently Demelash et a/. (2005) confirmed 36.9% 

prevalcnce with 16.11 % clinical and 3 4.6\~ " sub clinical mastiti s in lactating dairy cows in 

southern Ethiopia. Getah un (2006) in small holder dai ry farms of central highlands of Ethiopia 

identified a prevalence of clinical and sub cl inica l mastitis of 2.6% and 22.3% respect ive ly. 

Similarly, Tamrat (2006) reported a prevalence of 23.4% and 54.3% clinical and sub clinical 

mastitis, respecti vely, in Sodo area and Ni bret (2007) reported a prevalence of 34,7% at cow 

level. 

The most common mastiti s causiI1g agents isolated during the studies were Sraphylococcus 

aurellS, SraphylococclIs epidermidis, Sfllphvlococcus hycus, Streptococcus agalactiae, 

Streptococclls uberis, S'treptocoecus disgal(/Cliae , StreplOcocclIS /aecalis, Escherchia coli, 

Klebsiella, Actinol?1yses bovis, Corynebacterillill pyogenes, Proteus, Micrococcus species and 

iJacilllls cereu s. 
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Ta bl e I: Summary of stud ies on the prevalence' ,, !'m<lstitis in Eth iopia 

Area Prevalence Source 
----

Clinical sub cliniGII Doth 

(%) (%) (%) 

Wondogcnt 39 Abdella el al. ( 1996) 

Urban peri urban 

Addis Ababa 5.5 30.2 Bishi (1998) 

Urban reri urban 37 .2 Nesru (1999 

Addis /\baba 

Debere-Zeit 21.5 38 Workeneh. el at. (2002) 

dairy farms 

Southern Ethiopia 37 62.9 58.3 Kerro and Tareke (2003) 

("ental highlands 46.6 Mungube el at. (2004) 

of Ethi opia 

Southern Ethiopia 16.11 34.6 36.9 Demelash el at. (2005) 

Ccntal highlands 2.6 22.3 

of Ethiopia 
Gctachun (2006) 

Wolayta Sodo 23.4 54.3 Tamerat (2006) 

ArounJ Gonder 34 .7 Nibret (2007) 
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2.3.3. loonot ic significance 

In mos t places in Ethiopia milk is consumed raw, this poses a ri sk to the public as pathogenic 

bacteria are acq uired by consuming raw m ilk. Milk allows the growth and multi pli cation of a 

number of potentiall y harmful microorganisills. It is a vehicle fo r the transm iss ion of man y 

zoo not ic diseases . The majo r in fec ti ous d i s""s~s transmitted through milk are tu bercul os is. 

brucellos is, typho id . paratyphoid , dysentcJ\·. staphylococcal intox ication. and diphtheri a 

(I-Ieeschen, 1994). Enterotoxigenic siaphyioco('c/is aureus is a cause of food po isoning in humans 

characteri zed by vom iting, headache, abdomin;t1 pain and d iarrhea that occur I -6 hours fo llowing 

consumption of contaminated mi lk (Marthengo and Olllbu i, 2007). Human li s teriosis can be 

resulted from consumption of contaminated mi lk (Q uinn el aI., 2005) . 

2.3.4. leconom ic impa rlance 

Economic losses due to mast iti s are recogni zed wo rld wide as a major problem on dairy far ms. 

Financial loss involved as a result of permanen t loss of production in individ ual cows, di sca rded 

milk (, ll owing a ntibiotic therapy, carly culli llg of cows, ve terinary costs, drug cost, increased 

labor, death of per acute cases, rep lacement cos ts and high leukocyte count tha.! lead to a loss 

income if a bonus scheme is operating fo r milk with low cell count are losses caused by the 

disease (Mifflin , 2004). 

A verage costs of c l inical masti tis cases can ra nge form 100 to 200 US D/case/year and 40 to 100 

US D/herd/year (Radostits, 200 1). Bishi ( 1998 ) also reponed that the econom ic losses fro m 

clinical and s ubcl ini ca l mastitis in Addis Abah;l mi lk shed to be ap prox imately 270 Ethiopian birr 

per lac tati on. Mungube (200 I) est imated the economic losses from mastiti s in the urban and peri 

urban areas or Addis Ababa, losses due to mastiti s (m ilk produc tion lose. treatment cos t. 

lVithdrawa l losses a ncI culling losses) were estimated to 2I 0.8 birr per cow per lactati on I,'om 

which milk production loss contribllted 38.4 % .. In another study conducted in the same stud y 

area by Mungube (2005) was reported that a qua n er with mastiti s, loss an average of I 7.2% of its 

milk production. 
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2.3 .5. Pathogcnes is 

Inkcti on of intramammary gland always occurs via teat canal. Nevertheless, the development of 

mastiti s is more complex. The most well c larified stages are invasion, infection and 

inflammation. Following invasion, a bacterial population may be establi shed in teat canal , which 

multiplies rapidl y and extended into mamman gland ti ssue where infection occurred frequen tl y 

or occasionally depending on its susceptibil ity (Radostits el a/., 2000). The potentiality for 

invasion is greatly increased by bacteria that res ide in or colonize the teat duct. Such co lonizati on 

occurs in both lactating and dry cows. and th e') may survive for months. serving as source of 

bac teri a for infecting the gland (Schroeder, 199 7 ). 

Staphylococcal mastitis 

Gangrenous mastiti s is caused by the action of the alpha toxin that damages blood vesicles , 

resu lting in ischemic coagulati ve necrosis of ' Idjacent tissue . The affected qua rter bccomes 

purpli sh co ld and will eventually slough, if the animal survives the toxemia. Both clinica l and 

subclini cal mastiti s lead to a g rad ual replaccment o f secretary ti ssue with fib rous ti ssue and a 

subsequent loss of milk production by the aff~c tcd quarter. The chronic and subclin ical forms of 

mastiti s respond poorly to antibiotics because of the development of a ti ssue barrier that prevent 

penetration of antibiot ics to the site of infection. Dry cow therapy is more likely to be success ful 

but even with thi s method it is estimated that only 70% of the persistent staphylococcal infection 

respond to therapy (Quinn e / 01., 2005). 

St reptococcal mastiti s 

S/repIOCOCCUS aga/ac/iae resides in the milk and on the surface of milk channels but does no t 

in vade the tissue. The re is rap id multiplicati un of the bacterium with a great out pouring of 

neu trophils in to the ducts with damage to the dLic tal and acinar ep ithelium. Ducts are obstructed 

\Vith ce lls and debris. causing invo lution of the acini in the affected lobules. Fibrosis of inter 

alveo lar tissue occurs, which also lead to a loss of secretary function (QUi l1J1 e/ a/., 2005). 
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Coliform mastiti s 

Escherichia coli and other co lifonns can mul tiph' rapidly in the quarters with a low ccll coun\. 

Thi s e li cales an inflammatory react ion that de,;tro)'s a large proportion of a bacterial population. 

When gra m negati ve bacteri a d ie and lyse, end()tox in is re leased from the cell wa ll. This massive 

and sudden libration of endotoxin results in a ,;~vere, life-threatening toxemia. A unique feature 

of co liform infec tion is that, in the cows that recover, the udder tissue gradually returns to normal 

with out librosis. In subsequent lactations, the gland produces to it s optima l capacity (Quinn el 

III , 2005). 

Summer mastitis 

The syndrome is seen most commonly in Europe. It is a dual infect ion of Aelynomyees pyogen.\· 

and an anae robi c, often J'eplOslreplOcoccliS iJl(luliclis. Summer mastiti s occurs in non- lactat ing 

he ifers and cow at pas ture in the summer months and tends to the more commcn during we t 

wcather. It is thought to be fl y born. A massive in"as ion of the mammary ti ssue via the teat canal 

results in a large proportion if a gland being affected at one time. There is a severe systematic 

reaction and loss of function of the entire quarter. The secreti on from the affected quarter is foul 

smelling, attributable to the activities of the anaerobic J'eploslreploeoeeu. If the cotv survi ves, the 

quarter becomes extremely indurate and abscesses develop, later rupturing throu gh the floor o f 

the udder. o ften at the base of a teat (Quinn el ill .. 20(5) . 

2.4. Diagnosis 

C linical examination: Cows with clinica l mastiti s can be readily identifi ed by visib le change in 

milk composition and physical examinati on of the udder (Bansan el ai, 2(05). Clini ca l 

examination of masti ti s based on clinical signo. e.g. slVelling of udder tender to touch, fe ver and 

depress ion. Proper examination requires the usc of strip c up preferably one that a shinny, black 

plate permitting the detection of di scoloration as well as clots, fl akes and pus. In thi s method, 

m il k is drawn on the plate in pools and comparison made between the milk of the different 

quarters (Radostits el al., 2000). 
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2.4. I. Somatic CeJl Count (SCC) 

Once bacteria reach the teat canal and progress to milk producing tissue of the udder, the cow's 

body reacts by sending larger numbers of white blood cell or sommic cells into the mammary 

gland . This local population of somat ic cells includes neutrophils, macrophages and lymphocytes, 

which serve as one of the most important deknse mechanisms that the cow has to fight infect ion. 

Somatic ceJl count is recognized as usefu l procedure to assess milk quality and udder health 

(Phillips. 1996). The common somatic cell counting methods are direct microscopic count, in this 

method a vol ume of 0.0 I ml of milk is spread ove r a microscope slide, defatted and then sta ined 

by meth ylene blue stain . The leukocytes are cou nted in 50 fields in the coJlaborated microscope 

and the leukocyte number is expressed IX" III I of milk (Minna, 2004). Electronic SCC of 

suspicious milk by using coulter milk cell coullter, wh ich counts particles as they fl ow through an 

electric fie ld, and the somatic milk cell counter. which stains cells with a fluorescent dye and then 

counts the number of tluorescing particles. In direct microscopy, leukocytes can be counted 

directll (Quinn el al. . 2002). 

2.4 .2. Strip Cup Test 

The simplest way to detect abnormalities in the mi lk is to use a strip cup which has a black plate 

onto wh ich milk is drawn from each quarter. Any changes in color or consistency are easily 

detected. Milk from each quarter must be examined as more than one quarter may be affected. 

Abnormal milk may show di sco loration, !lakes, shreds, clots and wateriness (Nelson and 

Stephan, 199 I). 
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2.4.3. Californ ia Mastitis Test (CMT) 

CMT is a s imple, semi-quant itati ve test fllr determining the number of nucleated cells 

(neu trophi ls, macroph ages, lymphocytes, and epithe li al cell s) in the milk. A black plastic paddle 

with four receptacles into wh ich milk is drawn from respective teal is used. In the rest, the eM"/" 

reagent ( 14 % Teepol (alkylarylsulphate)) so lu tion is added in an equal quantity onto the milk in 

each cup. The milk and the reagent are gently mixed by circular moti on. The degree or 

prec ipitation or gel formation reflects the amount of ce ll s present in the milk (Q uinn el 0/.,2002). 

2.4.4. pi I Determination 

The pH o f normal milk may vary between 6.5 and 6.8. In mastit is as lactose production decreases 

and a lkaline salts from the blood enter the milk , the milk becomes more alkaline. Thus, 

increasing alkal inity of the milk is characteristics of a progressive mastitis cond ition. Mastitic 

milk ",hen drawn from the teat may on rare occasion be acid ic and is yellow with Bromocresol 

purpl e. The pH shou ld be determined on fresh ly drawn milk, although milk held at refri gerator 

temperatures for 24 to 28 hours may be used (Coles, 1986). 

2.4.5. Chloride Test 

The chloride test is depe ndent upon the determ ination of an abnormal quantity of ch loride in the 

mill<. No rmall y milk contains 0.008 to 0.14 %, ch lorides. A bnormal milk contains a grea ter 

quantity of ch loride because of the presence of inflammatory exudates. These exudates contain a 

considerable quantity or chloride and even a slll,dl amount of exudates in milk. which will result 

in a pos itive chloride test. The test is conducted by adding 5ml of silver nitrate so lutions to Iml 

of mil k. followed by the addition of two drops of potassium chromate so lutions and mi xing by 

inversion of the tubes. The appearance of ycllow co lor indicates that more than 0.14 percen t 

chlorides are present in the sample and a browni sh red color indicates that the sample conta ins 

less than that amount (Co les, 1986). 



2.4 .6. Ca tal ase Test 

The catalase content of normal mil k is low, except at the beginning and end of lactation . The 

free oxygen gas is trapped in the closed end uf a smooth fe rmentation tube or o ther dev ice: 5ml 

of 1% 1"h02 is mixed wi th 15ml o f milk ill the tu be and incubated for 3 hours at a room 

temperature or 37°C. The vo lume of gas that acc um ulates is measured a\ld expressed in volume 

percent. Normal milk will generall y yield less Ihan 10% gas (Morri son el al., 1991). 

2.4.7. White Side T est 

Place live drops o f milk on a g lass plate with a dark background or on a Bakel ite sheet. Two 

drops of 4% sodium hydroxide so lut ion are added to the milk and the mixture stirred rapidly with 

an app li cator stick Ie I' 20 to 25 seconds. Milk from normal animals will have no change after the 

addition of the test reagent. Milk from a cm\ suf!ering with acute or sub ac ute mastiti s will 

become thi ck and visc id, whil e milk from all an imal with a chronic case may have on ly a few 

white nakes. Accu rate interpretations in terms of the reaction can be made only by comparing th e 

test results with a standard (Coles, 1986). 

2.4 .8 . Electri cal Conductivity 

Mastitic milk has a higher electri cal conduct ivi ty than normal milk. This is due to ti ssue damage 

and the subsequent increase in sod ium and chloride ions in milk. The changes in electrica l 

conductivity are one of the earli est manifestat ions assoc iated with new infections maki ng the 

earl y detection and recordin g of poss ible nHistitis cases routine. Hand held conduct ivity meters 

are also availab le and may be useful for ro utine pre milking screen ing of an imals (Savasan , 

2U()2). 
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2.4.9. Polymerase Chain Reaction (PCR) 

The mu lt iplex PCR assay can be used as an ;dternat ive method in routine diagnosis for rap id. 

sensiti ve. and specific simultaneous detection o( SllIjJhylococcus aureus, Streptococcus agalaclie. 

Streptococcus dysgalact iae, and Streptococcus uheris in mil k samples (Phuekets el al. , 2002). 

2.4. 10. Bacteriological Examinati on 

The diagnos is of masti tis (c linical or sub-clin ica l mastiti s) often req uires bacteriological 

~:xamination in order to give specifi c advice on prevent ion, and somet imes to achieve effec ti ve 

treatment. 

Milk sample collection 

Strict asep ti c proced ures are used when co llec ting of milk samples in order to prevent 

contam ination with mi croorgani sms present on the skin of cows fl asks, udder and teats, on the 

hands or the samplers and in the barn environn rc' nt udders and especia lly teats have to be clean 

and dry before sample collection. Co llected S'I'I11pieS should be transported in an,ice box. and 

stored at 4%oC until it will be cultured (Qui nn el af.. 1999). 

Culture 

Milk culture of positi ve quarters, high SCC, chrunic infect ion of the entire herd will also provide 

a wealth of in fo rmation concerni ng udder health und provides a basis [or attacking the problem. 

Combini ng data from milk cultures and SCC information provides with a herd inventury of 

mas titi s pathogens, a picture of their distributi on and an indication of the relative importance of 

each pa thogen within the herd. Thi s info rmat ion can be used to identi fy ri sk fac tors and cr itical 

control points for control program developmen r (I)wight and Yuan. 2002). Sub-culture of the 

bacterial colony type (s) considered most signili cCl nt should be made to obtain pure cultures for 

use in iden tificati on tests Once a pure culture i, obtained, the results from a few compararively 
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s imple t"s ts can onen identify the bacteriulll tll genus leve l. A gram-stained smear from the 

culture \\'il l estab li sh the gram reaction (gram I,,,,it i\c or gram negative) along with rhe cellular 

mo rphology (Ellen el ai. , 1994). 

l3iochcmi cal tests 

Once the bacteri a have been identified to a gen us level, further tests can be carri ed ou t to identify 

the species. Pure culture of a s ingle colony type li'om blood agar will be transferred to nutri ent 

agar slants from which a seri es of biochemical tests. which aid final identification of various 

pathogens. can be done fo llowing standard methods (Q uinn el ai. , 2002). 

2.5. Treatment 

The antimicrobials selec ted for treatment arc uS lI e"l ), based on in vitro sensitivity patterns and 

because of a high degree of resistance to labeled mast iti s therapeutic reg imes, typical ly the rapy 

reSOrlS to ex tra label use (Quinn el aI., 1999). I\ ntibio ti cs used in the treatment of mastitis can be 

admi ni stered by potential or intramammary routes (Quinn el af. , 2002). The treatment of 

intramammary concern anti-microbial substance. which delivered intracisternally into the udder 

through the teat canal, they are essentia ll y target"d at the treatment of mastitis (Grutnt, 200 I). 

Intralllammary antibio ti c preparations are readi ly available to farmers in many countri es and thi s 

easy access is likely to result in excessive illl til11 icrob ial chemotherapy (Q uinn el al .. 2002) . 

Chemotherapeu ti c agents given by the parental rou te for the treatment of mast itis shou ld ideally, 

have certa in characteri stics s uch as low mini lllet! inhib itory concen tration for pathogen caus in g 

mast iti s (Edward el aI., 2002). 

Admini stration of intramaml11ary antibiotics at the beginning of the dry period is used for the 

treatment of mastitis caused by contagious pathogens, pat1icu larly Siaphylococcl/s ill/reus 

(Kathallll. 2003). Trea tment of subclini cal cases of mast iti s due to environmental organi sms such 

as SlreplocoCCUs uberis, which are detected late in lactation, may defer until the dry peri od 

(Q uinn el 01., 2002) . An tibiotic therapy of drying o lT is an important means of contro lling bovine 

mastiti s because antibiotics may be administerc'd by parentral route as there in no concern about 
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withdramd period and residue in milk (Gruen!. ~OO I). Treatment protocol for mastitis should be 

established fo r herds and cases incl uding recurrences. cl inica l outcome of each cases including 

days of di scarded milk and culling, bacterial cul ture of milk collected from affected quarters, and 

sound use of pharmacokinetic principles, particularly for drugs selected for parentral 

adm ini stration, are all needed to ensure the most cost effective plan (Radostits, 2001). 

2.6. Prevention and control 

2.6. 1. Contagious Mastitis 

Teat dipping 

leat dipping with germicidal so lutions immedia tely after every milking has proved to be an 

effecti ve milk ing management practice to reduce the rate of new intramammary infections. Teat 

dipping is a simple, effective and economical means to reduce bacterial population on teat sk in. 

An effective teat dip , correctly used can reducc the incidence of new udder infect ions by 50% to 

90%. Tea t dipping must be done correc tl y ami cons tantly. In summary. post milking teell 

sani tizat ion is an extremely important compone nt of good milking management with the 

objective of killing mastiti s pathogens residi ng on teat skin and thereby reducing up the rate of 

new intramammary infections (Radositits , 200 I ). 

Pre-m ilking hygie ne and udder preparation 

The obj ecti ve of pre-milking udder preparation and teat sanitation is to reduce the microbial 

population at the teat end. The aim is to minimi ~c the probabi lity of new intramammary infection 

(I MI) and have good milking performance (Rad ostits, 200 I). Alternati ve recommended 

produce rs fo r pre mil ki ng udder preparation include wa ter hose washing and manua l drying of 

tea t, washing teats with a paper towe l in sanitized so lution plus drying wi th a single service paper 

towel , and using pre milking teat dipping in germicide plus paper towe l drying. It is argued that 

manual teat washi ng improves stimulation and the re lease of oxytocin for milk let down. The 
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overall objec ti ve of pr~ milking s~nitation " III iJaw clean anei dry teats read y lor milking 

(Radosti ts. 200 I). 

Mi lking order 

In herds with signifi cant prevalence of contagious pathogens, such as Staphylococcus aI/reus, 

establi sh ing a specific milking order may be helpl 'u l to limit the rate of new in fections. In general , 

first lactation heifers and fresh cows should he' m ilked lirs!. Cows with a high SCC, chronic 

clin ica l mastiti s, and cu rrent cli nical cases siJould be milked las!. The maintenance and 

manage ment of both SCC ~nd clinical mastiti s reco rds become important to make milking order 

programs work (Radostits, 200 I). 

Milking machine 

The milking machine can inlluence new IMI ra tes in several ways: it may be a carr ier of mastiti s 

pathogens [rom one cow to the next; it may serve as a path way of cross infection with in COIVS. 

Malfunctioning or improperly used equipment may fail to rel ieve congestion in teat ti ssue, with 

eventual teat end damage and IMI occurring. <lnd abrupt loss of milking vacuu m may crea te 

changes in air movement of suffi cient fo rce to move pathogens past the streak canal defense. 

Therefore . milking machine must perform pl'llperly and consistentl y. The installation and 

maintenance of the mil king system is done according 10 approved guidelines (Radoss tits, 2001). 

Dry cow management and treatment 

The objective of udder health management duri ng the dry period is to have a few infccted 

quarters as possible at calving. Thus, infecti olls present .at the time of drying off should be 

eliminated, and the ra te of new IMI during the <11')' period must be minimized. Although the rocus 

of mast iti s control schemes for the dry period is often on contagious pathogens, environmental 

bacteria also need to be considered. Thus the prevention of new dry period infecti on with 

env ironmental agents is essential. Ant imicrobial the rapy of dry cows at the end of lactation was 

proposed to el im inate existing infections. Dn Cd'" therapy has become the most effective and 
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lI'iudy used mast itis control method Itlr dairy C"I\ s. It s "fJieacy and advantages arc well knul\ Il. 

Dry CO" therapy al so reduces the incidence of nl'l\ I M I by 50% to 75% (Radostiti s, 200 I). 

Culling 

Culling is the most effecti ve method of decreas ing the prevalence of chronicall y infected cows 

(Radosti tis, 2001). The ability to cull infected cows is often limited by the need to maintain 

al11pl e marketed milk for farl11 cash no w. Culling l11 ust be done judi ciously with respect to 

production, breeding performance, genetic po tent ial and other health problems. Excess ive culling 

to achieve qua li ty milk premiums might have a negati ve net financial impact on herds. An 

alternati ve to culling chronic cows is to chemically dry offan infected quarter (Radostits, 200 1). 

2.6 .2. En vironmental masti tis 

Rcduce ex posure 

The reservoir of infecti on is the environment of the cow, which causes a wide vari ety of 

organislI ls as causat ive agents. iVfastiti s manag\,.'l11cll l practices are successful due to control of 

environmental mastiti s. With respect to environmental mastiti s, the goal of eve!>y dairy fa rm 

should bc to expose the teat of a cow to a fell' bacteria as possible, Dairy producers should 

provide adequate shade to prevent crowding in warm periods of the year, and if portable shading 

is used, frequent movement abo ut the pasture is recommended. Dry cow housing and particularl y 

maternity areas should receive attention, particu larl y, fo r lactating cows adequate free stall space 

should be providcd . Sand bedding used in well -dcs igncd free stall s should be cons idered as the 

standard l'or housing. Proper management and disposal o r manure and waste products arc also 

areas of considerati on j-(Jr reduc ing exposUI\: to environmental mastiti s causing pathogens 

(Radostiti s, 200 I). 
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Enhance rcsistance 

Antioxidant supplementation plays a criti ca l ro k in mammary immune resi stance. Selen ium and 

vita mi n E supplementat ion enhances neutrophil killing of phagocytized bacteria. Cows 

supplemented during the dry period with vit '"l1in E and administered a single injection of 

se lenium before calving had decreased incidence o f cli nical mastiti s (37% reducti on) and shorter 

duration of infection (62% reduction) than un supplemented controls . A decrease in c linical 

mastiti s (57%) and duration of infection (40%) during first lacta ti on was obse rved in seleni um 

and vitamin E supplemented heifers compared \\ ith un supplemented contro ls (Radost its. 200 I). 

One of the more promlsll1g methods of enhanc ing mammary resistance for coliform (and a ll 

grams negative 1M! is by using vaccination . A study demonstrated that cows receiving two 

vaccines (bacterin derived from .15 mutant E. coli) doses during the dry period and one dose after 

calving had an incidence of clinical coliform mast iti s of 2.6%, as compared with 12.8% in 

unvaccinated controls (Gonzalez el aI. , 1989) . .. \ second fleld trial determ ined that vaccinated 

cows had a three fold decrease in clinical col ilorln mastitis (Cullor, 1991). 
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3. MATERIALS AND METHODS 

3.1. Study Arca 

This sllldy was conducted in Harar town, the capital city of Harari Peoples National Regional 

State. Ilarar town is located at 525 kms east ui" Add is Ababa. The total coverage of the town is 

about 1740 km2
, while the altitude ranges between 1600 to 1920 meters above sea level. The 

average annual rainfall ranges fro m 600 mm 10 800 mm and the daily minimum and max imum 

temperature range are from 17°C to 20°C ancl 28uC to 30°C, respectively HRARDB (2009). 

3.2. Stu dy Popula tion 

The target anima ls sampled were mi lking CO\\ s within urban and peri-urban clairy farms oj" !-Iarar 

town. Total cattle populations in the farms" erc' 1020, and target animals sampled were milking 

cows within urban and peri -urban dairy farms u f !-Iarar town. The farms own Holstein cross breed 

cows wi th different level of exotic blood. Very few cows are pure exotic breed Holstein type . 

Breeding service for cows was carried out by artifi cial insemination provided by the agricultural 

office and private bulls rented fo r the purpose. The study farms were categorized to small , 

medium and large with number of lactating cows 2-5, 6-15 and more than 15 , respectivel y Crable 

2 and 3). 
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Table 2: Farm distribution in urban and peri-urban areas of Harar town 

No of Urban Peri-urban 

No Di strict Kebele farms Small Medi um Large Small Medium Large 

.Ienela 15 7 3 3 

2 Hak im 13 

16 5 4 

17 7 2 
, 
.) 

3 Hamaresa 18 6 
, 

2 .) 

19 4 2 

4 So fi Sofi 

Gelmeshira 5 4 

Total 8 36 10 8 7 5 4 2 

Note: Number of fa rms in category: Large - 9, Medium - J 2. Small - 15 

Tab le 3: Callie population in a study dairy t~lrlm 

Di strict Cows Heifers Bulls Oxen Calve Tota l 

Jenela 92 I J 
, 

19 128 .) 

2 Hakim 382 32 6 19 56 495 
, 

I-lamaresa 192 19 4 10 46 27 1 .) 

4 Sofi 99 8 5 14 126 

Total 765 72 II 37 135 1020 

Note: Among 765 dairy cows, 666 were milking during the study peri od 

3.3. Sa lllpling Methods and Stratq,,), 

All milking cows loulld in the 36 dairy limns (hel ,ls) constituted the study population 11'0111 which 

study an imals were randomly selec ted. The selection of cows to be sampled was made as such a 

way thai each sample unit in all farm s had an equal probability of being selected . The sampling 

frame is Ihe whole li st of the lactating cows in all farms. Each number was written on a piece of 

paper in a hat. Then 34 1 cowswere selected blindl y corresponding to the requird sample size. 
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For the sample size determination 5% precision ilt \15'10 Cl and 33.3% expected prevalence rrom 

the previous study (Darsema, 1997) in Di re 0 ,1\\" town (which is the nearest to the study area) 

were considered. 

Therefo re , according to Thrusfi eld (2005), the il)J'Jl1 ula used for the calculation of the sample size 

\.vas: 

n 

Where 

n 

CI 

p 

d 

= 

= 

1.962 X P exp (1 - P eXIJ), 

d2 

required sample size 

95% confidence in terval 

expected prevalence 

level of precision 

The sample size hence was 34 1 milking cows. 

3.4. Study Design 

3.4. 1. Questionnaire Survey 

Questi unna ire survey was conducted to obtain ''1'prupriale information abou t the farm condition 

and to evaluate ri sk facto rs on the occurrence or masti ti s. The questionnaire was completed in thc 

study period and queries included were: herd description and farm structure, general production 

information, health problem, social structure. milking procedure and management, farm 

inspection and feed and water. 

3.4.2. Clinical Examination of Cows 

Cl inical examination was carri ed out by observi ng visible signs of inOammation on thc udder and 

physical changes on milk. The amounts of nOIl -rullctional (bl ind) teats were also determined. 



3.4.3. Cross Sectional Study 

In the fanns (herds), overall prevalence and pre" a lcnce of clinical and sub cl inical mastiti s at cow 

and quarter level were studied by using clinical observations, the result of California Mastiti s 

Test (CMT) of samples from all functional qua rte rs. and results of microbiological examinations 

ofCMT positive samples. 

Preval ence of mastitis in general , clinical and sub clinical mastitis at cow and quarter level were 

calculated as: 

Preval ence Num ber of cows or quarter with mastitis 

Total number o j" lactating cows or tested quarters 

Risk iactors for mastiti s cons idered were parity. stage of lactation , herd size, hygiene, ventilation. 

drainage and quarter position (front and hind). 

Parity I represents those cows which calved up to 2, parity 2 cows which cal ved 3-4 times and 

parity 3 cows which calved 5 times or more . Stage of lactation I represents cows with 1 month of 

lactation , 2 represents cows with in 2-3 months of lactation , 3 cows with in 4-6 months of 

lactation and 4 cows, which were with in more than 6 month of lactat ion. 

3.4.4. Screening Test 

Cali fornia Mastiti s Test 

The test was applied as screen ing test for selec tion of samples to be cultured for cow's udder 

study. The test was carried out immediately be fore milking, aftcr st imulation of the cow and 

having discarded the foremilk. A small amount of milk sample drawn from respecti ve teat was , 
placed in to a plastic paddle that has 4 shall oll' cups, an equal amount of test reagents solution 

was added on to the milk in each cup. The paddle was rotated to mix the milk and the reagent. 



Then, the resul t o f the reaction was scored ' " () (negative). trace (s uspi cious) . I (+. weak 

pos itive), 2 (++, distinct positive) and 3 (+++, stlung positi ve) depending on gel formation which 

reflects the amount of somatic cell s in the mil k «)uin n el al. , 2002) (Table 4). 

Table -1: Interpretation o f CMT result 

~core ___ Visib le react ion (ge lli ng) 

o None (milk fluid and normal) 

Trace (T) Sl ight precipitation 

I , (+) Distinct precipitation but no gel formation 

2. (++) Mixture thickness with a ge l form ation 

Interpretation 

Negative 

Suspicious 

Weak positi ve 

Distinct positi ve 

3. (+++) Viscosity greatl y increased strong ge l that is Strong positive 

cohes ive with a convex surface 

3.4.5 . Milk Sample Coll ec tion 

Procedure If)r the co ll ection of milk samples 11:1 , L'und ucred according to Quinn el al. (1999). 

Stri c t asep ti c procedu res were used in order to prevent the contamination of mi lk samples with 

microorga ni sms present on the skin of cow's udder and teat, the hands of the sampler and in rh e 

env ironment. Teats were cleaned and dried befo re sample co llection. For milk sample collection 

steril e g lass and di sposable plastic vials with tight lilling push-on caps were applied. During 

sample co llection, the first few streams of milk we re removed and discarded. Each teat ends were 

scrubbed vigorously with collon moistened with 70% ethyl alcohol. After samples have been 

co ll ected CMT pos itive milk samples were transported in an ice box and stored at 40C until it was 

cultured. Clinical cases of masti ti s were diagn" scd lI 'hen visible signs of inflammation in the 

udder or when changes were observed in the secrc,tion. 
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3.4.6. Culture 

Culturing technique was included primary and ~econdary plating (inoculation) on to 7% sheep 

blood agar and MacConkey agar and incubati on at 37°C for 24 to 48 hours. The speed of growt h, 

co lony mO 'lJho logy and hemol ytic characteri stics were recorded. Gram stain from the growth was 

obsel'ved under the Illi croscope in order to iden tify cellular morphology. Primary and secondar'y 

biocheillica l tests fa r further identificati on of iso lated organisms to species level was conducted 

n ex l. 

3.4.7. Antillli cl'obial Sensiti vi ty Test 

In vitro antibiotic sensitivity test (Kirby-Bauer disk diffus ion method was carried out in order to 

identi fy the most effecti ve drugs for mastiti s trea till ent in the study faIm s. A loop full of colony 

from the growth of iso lates was transferred to the nutri ent broth in tu bes and incubated at 37 °C 

fo r fi ve hours. Mueller Hinton agar which was used as plating medium was inoculated wit h the 

broth (bac terial suspension) by using co tton swab. 

Then, ant ibioti c impregnated paper di scs (Oxoid , United Kingdom) were appli ed and pressed 

dow n on to the plates with forceps. Plates were incubated in verted at 35°C for 18 hours. The 

diameter of zones of growth inhibition were measured in millimeters and interpreted as sensiti ve, 

intermediately sensitive and res istant accordi ng to Na tional Committee for Clinical La boratory 

Standard (NCC LS) (Quinn el ai , (1999). The dnlgs used were oxytetracycline, streptomyci n, 

ampicillin, peni cill in, cloxacillin , amoxacilli n and gentamyc in. The number and types of tested 

iso lates were Slaphylococcus aI/reus 40, SlreplOcoccl/S agala cliae 20, Eschere/lia coli 15. 

Klebsiella 8, Corynrbacleriu/ll pyogens 7, Staphy lococcus intermedius 6, Streptococcus uberis 6, 

Proteus 5 and Corynebacteril/III "ovis 4. 

25 



.1.5. Data managcmcnt and analysis 

Data was ent ered into a data base managemen t software Microsoft Excel computer prograill . 

Descriptive statist ics and Chi square Ci) was appl ied to work out preva lence of mastitis, 

proponions of clinical and sub clinical mas ti lls at cow and quarter leve l, and to determ ine an 

associa tion between the d isease and risk fact ors, respecti ve ly. Univariable logistic regress ion 

analysis was app lied to find out P-value, Odds ra tio and 95% confidence interva l. Desc riptive and 

analytical stati stics were worked ou t using SPSS (version 15.0) software programs. 
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4. RESULT 

4. I. Prevalence Study 

In thi s study a total of 1364 quarters from 34 1 milking cows were investigated. Among 1364 

quarters 1313 (96.3%) were func ti onal and the rest 5 1 (3.7%) were blind (not functional). Out of 

the hlinclteats 37 and 7 animals had single and double blind teats, respectively. 

From the total number of sampl ed lactating C<lWS , 143 (41.9%) were pos iti ve by CMT. Out of 

CMT positive animals , 138 (40.5%) were culturally positive for mastitis casual agents. Therefore 

ill the studied dairy farms, the overa ll prevalence o r lllastitis was 40.5% (Table 5). 

Alllo ng the tested 1313 quarters, 228 (17.3%) were positi ve for CMT and 214 (16.3%) positive 

for by culture. According to the test result right front (RF), right hind (RH) , Left front (LF) and 

left hind (LH), were 15.7, 17.9, 16. 2 and 19.5 percent positive for CMTand 14.3, 16.8, 14.8 and 

18.8 percent posit ive for c ulture, respectivel y. There was no statistically sign ificant difference 

among the affected quaners (p=0 .2 58). Ho\\ ever, the number of affected hindquarters 119 

( 18.0%) were hi gher in number than 95 (14.60;',) the front quarters (Tab le 6). 

Tabl e 5: Prevalence of lllastiti s based on CMT and cu lture result 

Farm (herd) No. of No. of CMT Cu lture 

size fa mls cows Positive % Positive % 
-------

Large 9 225 104 46.2 99 440 

Medium 12 79 29 36.7 29 36.7 

Small 15 37 10 27.0 10 27.0 

Total 36 341 143 138 41.9 40.5 
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4. 1. 1. Preva lence of cl ini cal mastiti s 

Twent y-three (6. 8%) cows were c li ni cally in fec ted and 41 (3. I % ) quarters were posit ive for 

mas titi s causing agents. Seventeen (73.9%) o f cl in ica ll y positive cows were from large size dai ry 

herds (Table 6). 

4. 1. 2. Preva lence o f s ub clinica l mastiti s 

Hundred and fift een (33 .7%) cows were in fected wi th sub clinical mastitis . From quart ers of 

these cows 18 1 (1 3.8%) and 173 ( 13.2%) were positive fo r CMT and mastit is causing agen ts , 

respecti vely. Among the cows with subc lin ical mast iti s 84 cows (73.0%) and 124 quart ers 

(7 1.7%) were from large herds. 
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Table 6: Prevalence of cl inical and subclinical mastiti s on fa ml , cow allli quarter le\'elus ing culture result 

Farm No o f herds No of Cow Quarter Total 

(herd) cows 
Clinical Subclinical Clinical Subclinical 

size 

No % No % No % No % No % 

Large 9 225 17 7.6 84 37 .3 3 1 3.6 124 14.3 101 44 .9 

Medium 12 79 4 5.1 19 24.1 6 2.0 31 10.3 23 29 .1 

Small I S 37 2 5.4 12 32.4 4 2.8 18 12.4 14 37. 8 

Total 36 341 23 6.8 liS 33.7 41 3.1 173 13.2 138 40.5 
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Figure I . Clin ica l and subclin ical mastiti s on f;ln ll (herd) size 

4.1.3. Ri sk Factors 

Risk factors were investi gated ll sing binary logistic regression analys is in order to 2etermine thei r 

associa ti on mastiti s. The risk fac tors identifi ed were fa I111 size, pari ty, stage of lactation, hygiene, 

venti latio n, drainage and quarter position. The association between the risk factors and 

occurrence oflllastiti s is presented in Table 7 alld 8. 
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Ta bk 7: Occurrence of mastitis related to ri sk Ic\ctors 

Risk facto r Total Prevalence P - value 
, 

OR 95% CI for OR x-

cows Lower Upper 
- --- .-_._-_._---_ .. _-------_._---------_. 

Parity .000*** 33 .55 

3 94 64.9 4.83 55.1 74.6 

130 27.7 20.0 35.4 
, 

94 64.9 3.43 55 .1 74.6 ~ 

2 117 35 .0 26.4 43 .6 

Stage of .006** 12.54 

lactation 

82 54.9 2.52 44.1 65 .7 

4 155 34.2 26.7 41.7 

82 54.9 2.72. 44.1 65 .7 

3 55 30.9 18. '1 43 .1 

82 54.9 1.37 44.1 65 .7 

2 49 46.9 32.9 60.9 

2 49 46.9 1.98 32 .9 60.9 
, 

55 30.9 18 .7 43. 1 ~ 

Quarter .258 3. 10 

position 

Hind 661 18.0 1.24 17.9 18.1 

qua rters 

Front 652 14.6 14.5 14.61 

quarters 
-----------------
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Tab le S: Occurrence of mas titis related to ri sk I'le lors 

Risk factor Total Prevalence P - va lue x' OR 95% CI for OR 

cows Lower Upper 

Farm size .1 03 3.40 

Large 225 44.9 2. 12 37.5 50.5 

Small 37 27.0 12.7 41J 

Large 
225 

44.9 1.35 37.5 50.5 

Medium 
79 36.7 26.1 47.3 

Hygienc .005*' 9.96 

Poor 246 45.5 3.06 39.3 51.7 

Good 28 21.4 6.2 33.6 

Poor 246 45.5 1.96 393 51.7 

Moderate 67 29.9 18.9 40.9 

Venti larion .001 ** 12.42 

Poor 248 46.0 3.69 39.8 52.2 

Good 32 18.8 5.3 32.3 

Poor 248 46.0 2.03 39.8 52>.2 

Moderate 61 29.5 18.1 40.9 

Drainage .020* 7.48 

Poor 264 44.3 2.65 38.3 50.3 

Good 26 23 .1 6.9 39.3 

Poor 264 44.3 1. 91 38.3 503 

Moderate 51 29.4 16.9 41.9 

Total 341 40.5 35.3 45.7 
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prevalence of mastiti s, in par'ity 3 and I (p<O.OS. OR =4.827) . Thus, cows in parity 3 were 4.827 

times exposed to mastitis than those cows in p"rity I. I)revalence of mastitis in the first stage of 

lactation was stati stically significant than in Lrtc lactation stage (p<0.05, OR=2.341). Cows in 

first lactat ion were 2.341 times exposed to masti ti s than those cows in lactation 4. The difference 

between preva lence of mastitis in quarters with their anatomica l posi ti on was not stat ist ically 

signifi cant (p>0.05, OR< I) however, prevalence of mastitis in hind quarters was higher than in 

front quar1ers Cfable 9). 

Ta ble 9: Summary of binary logistic regression :1n"lysis of host ri sk factors 

Risk factor Group SE P va lue OR 95% CI for OR 

Lower Upper 

Parity .000'''* 

3 .292 .000*'* 4.827 2.725 8.550 

2 .276 .2 14 1.409 .821 2.4 18 

, I 

Stage of lactation .006*' 

.279 .002** 2.34 1 1.354 4.045 

2 .333 .110 1.702 .887 3.267 

3 .337 .657 .861 .444 1.665 

*4 

Quarter position .258 

RH .210 .079 1.445 .958 2.179 

RF .202 .~6.:j 1.20 I .808 1.788 

LH .209 099 1.410 .937 2.122 
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The prevalence o f mastitis in the fanm wit h poo r hygien ic conditi on was significant ly hi gher 

than in the fanns with good hygieni c condit ion (p<O.05, OR=2.454). Prevalence of mastiti s in 

fal1l1 S with moderate hygieni c condition was no t s ignificantl y different with preva lence of 

mastitis in fanns with good hygieni c condition (p>O.05). 

There was a stati s tic ally signifi cant differen ce between the prevalence of mastitis in fa rms with 

poor and good ventilation (P<O.05, OR=3687) Cows in fal1l1 S with poor venti lation were 3.687 

timcs exposed to mastit is than th ose cows in farms wit h good ventilation. 

Logistic regression analysis indicated that stati s tically significant difference in the prevalence o f 

mastiti s (p<O.05, OR=2.653) in farms with poor dra inage system than in farms with good 

drainage system. Cows in farms with poor drainage systems were 2.653 times ex posed to masti ti s 

than those cows in falms with good drainage system. Fann size was no! significantl y associated 

with mas titis (p>O.05) , however the highest prevalence of mastitis (44.9%) on cow and ( 17.9%) 

on quarters was observed in large farms size (Table 8) . 
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Table 1 U: Summary of binary logist ic regression anal ys is of environmental ri sk factors 

Risk factor Group SE Sig OR 95% CI for OR 

Lower Upper 

Hygiene .005 

Poor .478 .0 19 2.454 1.20 1 7.82 1 

Moderate .532 .-103 2.164 .550 4.429 

*Good 

Ventilation .00 I 

Poor .470 .006 3.687 1.466 9.271 

Moderate .533 .264 1.814 .638 5. 155 

*Good 

Drai nage .020 

Poor .482 1J43 2.653 1.032 6.820 

Moderate .558 .556 1.389 .465 4.144 

*Good 

Faml size .103 

Large .394 .056 2. 121 .980 4. 590 

Medium .438 .305 1.566 .664 3:692 

*Small 

4. 1.4. Et iologica l agents 

During the present stud y 226 mastitis cau sing bacteria were isolated ei ther singly or in 

combination from 2 14 Jlos itive milk samp les. The most prevalent bacterial organisms isolated 

were SlOphylococcus species (42.9%) follo wing by Streptococcus spec ies (28.3%) col i fo nll s 

(20.0%) and other (8.8%). [n both clin ical ;Ind sub c lini cal cases Staphylococcus aureus and 

SlreplococCUs agaiactiae were the highest number of iso lates. Type, number and proportion of 

bacterial isolates were presented in Table II . 
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Table II: Mastiri s caus ing mjcroorganisms isolated frul ll H1I Ik sJrnples 

Pathogens Freq uency Percent age 

Staphylococcus aureus 78 34.5 

SIJ'epwcoccliS agulacliae 38 16.8 

Eschercillo coli 24 10.6 

.)"I r c:pfucOCClI,\' disgalacf /(1 (' IJ 5.8 

Klebsiella 12 5.3 

COI)lIIebacrerilllll pyogel/s II 4.9 

SWpliylococclIs ill/elllee/ills II 4.9 

Sfreproc()('cw' lIbens 9 4.0 

Coqlllchac/eriulII hOllis 6 2.6 

Staphylococcus IzYCliS 5 2.2 

Pru/eus spp 5 2.2 

Enreroc()ccusfaecalis 4 1.8 

Ell rerobacler spp 4 1.8 

rerS lillO 3 1.3 

Bacillus cerellJ' 3 1.3 

Total 22 6 100 
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4.1.5. In vitro Antimicrob ial Sensitivity Tests 

A total of 12 1 iso lates from clinical and sllb c linica l mastiti s were tested for their in vitro 

an tibi otic susceptibility against seven antimicrobia l drugs. The drugs were commonly used to 

treat farm animals for mastiti s and other infec tiO Us di seases. 

Drug sensiti v ity test showed that the majorit y of iso lates were highl y sensi ti ve to c loxacil lin , 

gentam yci n and amox icillin. Corynebaclerillill group klebsiella and proteus were moderate ly 

sensitive to ampicillin and oxytetracycline. However, Staphylococcus and Streptococcus speci es 

were highl y res istance to s treptomycin and penicill in Crabl e 12). 
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Table 12 : Ant ibiotic sensi t i \lity 0 r etio logical agents isolated rrom cases or mastiti s 

Total No. or test ed 

Pathogens iso lates OXY GEN ST R AMP AMO PEN CLO 

S aureu 78 40 22118 36/4 10/30 21119 35/5 9131 38/2 

Strep. agalactiae 38 20 11/9 17/3 8112 1011 0 18/2 5115 1911 

Strep. disgalacliae 13 10 4/6 8/2 4/6 4/6 7/3 2/8 911 

S intermedius 1 1 6 2/4 511 3/3 4/2 511 3/3 511 

Slrep. uberis 9 6 2/3 5/0 2/4 3/3 4/2 2/4 4/2 

E. coli 24 15 8/7 12/3 10/5 8/7 12/3 619 13 /2 

K I ('''s i ell" 12 8 5 /~ 5/2 4/4 6/2 5/3 4/4 612 

C Pyogells II 7 5/2 611 3/4 4/3 5/2 -+ /3 611 

C bovis 6 4 2/2 311 113 311 311 2/2 4/0 

Proteus 5 5 3/2 3/2 3/2 411 411 2/3 411 

Total 207 121 65/56 10 1/20 48173 67/54 98/23 39/82 108/13 

OXY - Oxytetracycline (30 ~t g) STR - Streptomycin (I 0 ~tg) PEN - Penicillin (10 IU) 

GEN - Gentamycin (5 ~g) AMP - Ampicillin (2 pg) CLO - Cloxacillin (5 ~tg) 

AMO - Amoxicilhn (10 pg) SIR - Sensitive/Resistant 
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4.2. Questionnaire Survey 

4.2.1. Farm distribution 

The stud y was conducted in thirty- six dairy limlls found in four Districts and seven Kebeles. 

Most o f small size fatlllS were located in peri -u rb an areas. The majority of the medi um and all 

large size falms except one were loca ted in urb"n areas (Table 2). 

4.2.2. Farm structure and soc ial aspects 

The occupat ional status of the owners range fro lll busi ness men/women to house wi fe and retired 

people. Only eight (22.2%) of them were ful ly cngaged in the dairy activity. The educational 

level of the farm owners a lso vary from degree ho lde rs to some grade school. Two (5.6%) farm 

owners were holder of degree, fi ve (13.9%) hulder of diploma and the rest 29 (80. 5%) had an 

educational leve l of high school and some alt ernated elementary school. However, farm s 

operat ed by degree, and diploma holders were eq uall y affected by mastiti s as those of others 

hav ing lesser level of schoo l educa ti on. Among the farm owners I I (30.6%) were females . The 

majorit y 27 (75%) of the farms were shared with the li ving compound of owners. 

The ava ilability of the dairy workers was adeq uate in most of the farms , however, lack of 

knowledge and skil l of employed workers was complained by the majority (66.6%) of the farm 

owners. The most common sources of inforn13tion about the dairy farm s were animal health 

personnc ls, animal production professionals or cxtension agents. Nine (25%) of the farm owners 

had an ex tra land for the production of animal feed but all dairy farm owners indicated the feed 

shortagc due to reduced suppl y and increased cost. All fatlllS utili ze potable water, which was 

clean and suppli ed adlibitum (Annex 8. 3). 

4.2.3 . Hea lth problems and management measures 

The most frequent hea lth prob lem s of all dairy farms were reproducti on failure and mastiti s in 

ordcr of im portance. A ll cows in all farms were milked twice a da y (morning and evening). Cows 
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are mil ked by stripping. Mi lking machine is !lot used in all of the faml s. The most common 

problem s for culling of cows were reproducti ve failu re (36. I %), mastitis (27.8%), aging ( 19.4%) 

and reduced prod uction ( 16.7%). High cost of feed was also mentioned as th e other reason for 

culling in order to reduce the nu mber of herd s i/e. 

Almost all small fann ho lders used fa mil y labor for m ilk ing and farm management. Mediulll and 

large farm owners used paid labor wi th a small share of famil y labor. In all farms ud der and 

hands o f mi lker are washed pri or to m ilk ing. However, d is infectants are not used in all th e dairy 

famls and soap is not regul ar. Except in one f'!rIll a ll milkers in all 35 fa rms used one common 

towel or r-ag for several cows to dry the wash ed udders and teats. Other mastiti s preventi on and 

control measures like post m ilki ng d ipp ing, drv cow therapy, was hing of milkers hands between 

milking wcre not used in al l dairy farms. In 17 (47.2%) farms cows with mas titi s are milked at 

any time (rather than mi lking after hea lthy ones). Twenty two (6 1. 1 %) farm owners responded 

that mast it ic cows are not treated on ti me (Tab le 13) . 
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Table IJ: Result ofqtlcsIJonml ln:.: survey 011 milk ing CU\\ lu:umg elllcIH, mastiti s 

prevention and control measures 

QU<:stIOll~ 

Knowledge and skill of dai ry workers 

Satisfal.:wry 

Modcn.tte 

Ullsat is fa ctory 

Udder and washing before mjlking 

Yes 

No 

Udder drying 

Yes 

No 

Use of separate towels 

Yes 

No 

Tea lS dipping 

Yes 

No 

TlIllC or milking cows wit h mast itis 

Last 

Any tllnc 

On time treatment of mastitic cow 

Yes 

No 

Practic ing dry cow therapy 

Yes 

No 

Knowledge of dry cow therapy 

Yes 

No 

R l'S POlldc IlI S 

2 

Itl 

2" 

3() 

() 

:'(1 

() 

35 

U 

~(l 

I') 

17 

1-1 

22 

() 

.~ () 

(I 

.~ () 

42 

Percentage 

5.5 

27.8 

66.7 

100 

a 

100 

2.8 

97.2 

0 

IQO 

52.8 

47.2 

38 .9 

61.1 

0 

100 

0 

lOa 



Record keeping la r indi vidual an imals was nol IH"c ti c0d in all farms, but nine farm s had a r~cord 

fo r mi lk production on farm level (Annex 8.3) . Therefo re, whenever information abou t th e farms 

was needed either the owner or the dairy \I orkers are consulted. Whenever their cows get 

mastiti s. they consult a nima l health persOlUlel. rh e common drugs available in veterinary c linics 

and in the market are used haphazardly. The drugs are pen ic illin, streptomycin, oxytetracyc line , 

gentam ycin, c10xacil li ampicillin and amoxi cillin (Annex 8 .4). Al l farm owners compl ained 

abo ut th e high pri ce o f d,·ugs. A ll fanners al so comp lained that drugs fail to cure mastiti s. 

4 .2.4. Faml inspection, management and host 1:lc tors 

A ll 100% housing type are ti e stall , 28 (77. 8% ) are modern (made of cement , iron sheet ancl 

timber perlin s) and the rest are mixture ofmodef"ll and trad itional (made of wood and mud ). Floor 

type is concrete in 32 fa rms (88.9%) whi le the rest 3 ( 11.1 %) are stone. Farms with earthen floor 

are not observed in thi s stud y. Stall space is inadeq uate in 19.1% of houses and doors in all faml s 

are free o f defect. Roo fs are rainproo f; however. som~ houses have an opening at li st on one or 

more sides of the house under the roof. Therefo re, in s uch conditions, rain can enter the house 

ex posing animals to cold weather and well ing th e floor . 

Seventeen (47.2%) da iry farms had poor, 10 (2 7.8%) moderate and 9 (2S%) good hygieni c 

condi tion. Infrequent cleaning of animal house and improper d isposal of waste material were the 

major problems seen in almost all fa rms of poor hygiene. Stati sti ca l ana lys is indicated th at poor 

hygien e was significantly associated w ith mastitis (p=O. OOS). Ventilation was also hi gh ly related 

to mastitis preva lence (p=O.OO I). Eighteen (SO'X,) of farms in vesti gated had poor, 10 (27.8%) 

If,odcratc and 8 (22 .2'X,) good vcnt ila tion. SlllflC o f thc hOll ses had small s ize windows, wh ich 

were not proportional to the houses area, and this can result in humid and hot condition inside. 

Twen ty (S5.6%) of the farm s had poor, 8 (22 .2%) moderate, and 8 (22 .2%) good drainage 

sys tem. Acc umul ation of waste materi als was observed outs ide the anima l house near the gates 

and in the exercise yard . Drainage was also s igni fi cantl y associated with the occll rrence of 

mas tit is (p=0.020). There were cows observed wit h se rious and apparent soil ing of udder, which 

was re lated to poor hyg ieni c, and drainage standa,'d of the [alms (Arulex 8.4). 
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5. DISCUSSION 

The overall preva lence of' mastiti s obtained in this st udy was 40.5% and this result agrees with 

findings of kerro and Tareke. (2003) who repll ncd 40% preva lence in southern Ethiop ia, and 

Abde lla el al. (1996) who obtained a prevalelll'c of' 39% in Wondogenet. Preva lence of c linical 

and subc linical mastitis [or thi s stud y was 6.8°;', and 33 .7%, respectively. Relatively similar res ult 

was repo ned by Bishi ( 1998) who reco rd ed 5 .5% clinical and 30.2% sub clinical and by 

M un gubc el a/.(2004) also observed 6.6% li)r clin ical mastitis in Addi s Ababa. The 16.3% 

quarter infec ti on rate in vestigated in thi s stud y was also similar to the resu lt of Abdela (1996) 

which was 16% but lower than the 19% quart cr infec tion reponed by KelTO and Tareke (2003) 

and 25% indicated by Radostits el al. (2000). 

Quaner infecti on for clinica l and sub clinical mas ti tis for this study was 3.2% and 13.2% 

respec ti vc ly, the prevalence of clini ca l mastiti s (l11 quarter level observed in this study was almos t 

similar to that of Mungube el al. (2004) who repc>rt ed 2.8% for c linical mastitis on quarter leve l. 

Prevalence of mastiti s in single quaner affected cases was higher than multiple (double and 

tri pl e) quarter infection. In line with this Thennarasu el al. (2003) observed that incidence if , 
mastitis in single quarter affec ted cases was high ly significant in cows and buffaloes than 

multiple quarter infec tion 

Hind quarter infection was higher than front quarter even though statistically insignifi cant. Thi s 

wou ld be due to frequent ex posure of hind qua rters to effluent than the front quarters. Thi s is in 

agreement with the finding of Thernnarasu (2 lJ03) who reported that incidence of mastiti s in 

cows and buffaloes was higher in hind quarters thJn the front quaners. How ever, there was no 

visi ble difference between the left and the ri ght quarte rs. 

The analysis of risk factors for mastiti s ind ica ted that parit y, stage of lac tation , hygiene, 

ventilation and drainage were sign ificantly relat ed to mastiti s occurrence. Sim ilar observation has 

been reponed by Mungube el al. (2004) and Kivaria el al. (2004). In this study, signifi cant 

difference in mastitis prevalence was observed be tween d ifferent herd sizes . The hi ghestl11astitis 
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prevalence was established for the large farm s with large herd size. Th is is in line with Bishi 

(1998) and Radostits (200 I) who indicated that as herd size increases manure di sposa l and 

sani tati on probl em was also increases but contrary Nes ru (1999) and Mungube (2005) reponed 

that hi gher preva lence in small- sca le farms. Frese (1999) fo und that large farm s located in urban 

areas with limited operationa l space are associated with hygienic ri sk factors that may have 

signifi cant contributi on to the emergence o f Illastitis problem . Smal l holder dairy farms are 

gcnerall y more effici ent than large scale farm s ill Illost urban and peri-urban areas (S hem ellll .. 

2001). In addition, in this study it was observed tha t the use of family labor in smal l dairy farms 

may contr ibute by providing better attention to 1'II·ms. 

This investigation showed that prevalence of m"s titis was lower during the first parity and hi gher 

in the late parity. Young ani mals have a dec re"sed susceptibility through a more effecti ve host 

defense mechan isms while o lder cows, are more pro ll e to masti ti s. The increased prevalence of 

mastiti s wi th increasing parity number is in agreemen t with findings by Sargent (1998); Bustan el 

al. (2000) and KelTO and T areke (2003) found that the ri sk of clinical and sub clinica l mastiti s 

inc reased s ignificant ly with advanced age of the cow, which app rox imates with parity number. 

The freque ncy o f mastiti s was higher during early lactat ion as compared to late lactation stage. In 

line with this result , Nes ru ( 1999) and Kerro "nd Tareke (2003) reported higher prevalence of 

mastitis during early lactat ion than la te lactatio n. This is in agreement wi th the report of 

Thennarasll (2003) who found that effect of lactation stage on the occurrence of mastiti s in cows 

increased during the first and the second lactat ion period. The occurrence of more cases duri ng 

the first lactation stage may be due to absence of dry period therapy and birth related influences 

(Quinn cl 111.,2005). In this stud y, the prevalence ,,[mastiti s was s li ghtl y higher durin g the fOllnh 

lactation stage than the third . Similarly KelTo and Tareke (2003) and Rodostits el al. (2000) 

suggested that the mammary gland is more susceptible to new infect ion during the early and late 

dry period , whi ch ma y be due to the absence 01' IIdder washing and teat dipping, which ma y in 

turn increase the number of potenti al pathogens on the skin of the teat. In line with thi s Quinn el 

al. (2005) asserted that man y infecti ons caused by env irorunental pathogens occur during the dry 

off period and on the weak before calv ing. 
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Of th~ farms studi ed, three- fourths had poor and moderate hygienic condition. [n general 

unh yg ienic milking procedures , un improved ma nagemen t, wet sta ll s due to infrequen t cleaning, 

the abscnce of post milking teat dip, lack of proper treatment for cl inica ll y infected cows and 

absence of dry cow therapy can be predi sposing factors for increased infection rates in all group 

of cows. Thi s finding hence, agrees with ob,crvations made by Shem (2001), Bark ema el (II. 

(1999) and Redeat (2009) who indicated about the significant role of poor fann management and 

unhygienic mi Iking procedures on the occurrence of mastiti s. 

Udder and milkers hands were washed befo re mil king in all fa nns however, most of the time 

mil kers used onl y water to wash hands and udder, soap was not always considered as a 

compUlsory. Disinfectants were not used in al l surveyed falms. Use of water only may reduce 

pathogenic microorganisms but does not guarantee their elim ination. Over all poor milking 

hyg iene may result in increased ex posure and transmiss ion of mastitis pathogens during milking 

(Kiva ria el aI., 2004). In almost all of the stu dy fanns milkers used single towel for udde r 

preparation. Thi s can fac ilitate the transmi ssion o f pathogens from cow to cow and increases the 

frequency of mastitis occurrence. S imilarl y Dargent-Molina et al. (1998) reported th at the 

protective effect against masti ti s of usi ng sepa rate towel for drying teats is a well-established 

met hod in reducing spread of contagio us pathogens. 

From the total fann owner half were business mcn/women and civ il employee, their dairy farms 

were sideline j obs, only to add to their incomc from other major occupation, on ly twenty- two 

percent o f them were fu ll time dairy fal111ers. Thi s was in view of exerting full time labor and 

endeavoring to draw maxi mum benefit out o f their effort (Nesru, 1999). Th irty percent of the 

dai ry owners were fema les. This may show the increasing trend in Ethiopia that they are attached 

to dairy acti viti es like in most areas. 

The majority (80.6%) of the fann owners has all cnded fro m elementary school to collage leve l 

however; the educatio nal standard did not seCill to have an observed effec t on dai rying in the 

fa rms stud ied. Even those academically well-trained farm owners did not take advantage of their 

ski ll and professiona l to improve their fann l1l anagel1lent. Their fanns were equall y affected as 

those belonging to owners with very low edll cational leve l. This fact indicated the need for a 
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consistent ex tension services to address fa nll ers on dairy ac ti vities. 66.6% of the dairy farm 

owners were complained about the unsati sfactory sk ill and knowledge of dairy workers whil e 

27.2% of the owners were moderatel y satisfied . 

Even though , the availability of dairy workers in th e majority of farm s was adeq uate the low sk ill 

and knowledge of the workers about the dairying and the negli gence of the owners may have 

negative impact on the management and hygiene of the farms. Dairy workers who were milking 

cows were in volved in other fann acti viti es SUCl l as ba rn cleaning, feed di stribution and managing 

of other g roup of animals. Lack of knowledge abo ut dairying among dairy operators and their 

involvell1en t in other farm duties had result ed ill poor hygienic and inadequate udder preparation, 

consequentl y leading to mastiti s (Kivaria, 200-1) . Thcrefore, thi s may favor the di ssem ination of 

envi ronm ental mastitis causing microorgani slll s and increasing the frequency of environmental 

mastitis . 

Almost all small dairy holders use famil y la bor Cor handling and milking of the ir animals . In 

agreement with thi s Nesru (1999) reported that invo lvement of family members in dairy activities 

may contribute to give better a ttention for th e good handling of their fatms . In the medium and 

large s ize [alms used paid labor as well. Farll1 s ob tained infonnatioll from veterinarians, dairy 

profess ionals or ex tension agents. Radostits el (/1. (200 I) stated that fam1 record i5' considered as 

an essential tool to manage disease, breed, feed, production and cu lling of anima ls. However, 

none of the stud ied farms had such type of record, except 9 farms wh ich were reco rd ed milk 

producti on on farm level. The two most freyu ellt health problems mentioned in a ll ram, s were 

reprod uction failures and mast itis. Due to fai lu re of repeated insemination, about one-tenth of 

cows were milked more than a year. Thi s Illay res ult in economic loss due to the delay in ca lvin g. 

High cost of feed was al so ment ioned as the rl'ason l'o r cu lling in order to reduce the num ber of 

herd size. Five small and two medium farm 0\\ Il crs located in the peri-urban areas were owned 

ex tra land. They grow feed and provide crop res idues, however, li ke other fanns fulfill ed ext ra 

necd ('rolll the marke t. The majority of farm s did rro t cO llsidering masti t is as the reason for cul ling 

of cows which poses serious ri sk of infection It)r c lean cows and also poses economic loss to the 

fanllers. Culling of cows w ith chronic mastit is is the most effective method of decreasing ne w 

in tra mammary infection (Quinn el al., 200S) . 
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In all dairy farms housing system is tie stall , only about half of the farms gave exercise to their 

animals. The rest kept their anima ls in total confinement where cows are restricted to the small 

areas that were dirty and wet. The exposure of leal to dirty and wet environment with excessive 

moisture, probably resulted in the increased intra mammary infection (Kivaria el 01.. 2004). 

Those cows found in farms exercised their animal s may get sun light during exercise time, but the 

rest did not have access to sunli ght and failed 10 make use of it. It is wOl1h mentioning thai thi s 

condition can favor excess moisture and a llow the growth of envirolUnental organisms. About 

half of Ihe farms milked their mastitis cows al any time during the milking hours rather than 

mi lking after the healthy ones. Milking of cows with mastitis at any time during milking hours 

obviously facilitates cow-to-cow transmiss ion of contagious as well as enviromnental pathogens 

(Matos el 01 .. 199 I). 

The fa rms with concrete floor al low adequate c leani ng and not hazars. In contrast floor with 

arranged stone and crack is clearly a risk and IlOt su itable for cleani ng. A lmost all farms had 

rainproof roofs, however, those houses wi th a wide and long opening under the roof mighl a ll ow 

rain to Ihe house wetting th e stall s. 

The study revealed that SIUphylococcus ourell.\' was th e most important pathogen associated with 

bovine mastitis. Thi s agree with findings of Radostits el 01. "(2000) who' asserted that 

Siaphylococcus is well adapted to survive in the udder and usually estab li shes a mild sub clinical 

infec ti on of long duration from which it is shed in milk facilitating transmission to healthy 

animals mainly during milking procedures. 

Agents of environmenta l pathogens or "coli [onlls" were isolated on the third level with 

con tagio us pathogens. Therefore, detection of both gro ups of pathogens is an indicator for the 

presence of un hygi enic farm and milking management in the study dairy fanTIs. The measures 

approp riate for the prevention and contro l of bovine mastiti s differ depending on weather the 

causative organ isms are contagious or enviro llillental in origin (Quinn et aI., 2005) Thc result on 

the ral es of isolates obtained in th is study also agrecs with the findin gs of various authors (Mulei, 

1999; Wage el 01. . 1999; Workineh el 01.. 2002; Ken'o and Tareke 2003; Nesru, 1999 and Bi shi , 
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1998) who reported Staphylococcus. Streptv(()ccliS and co liform spec ies were the predominant 

iso la tcs of c lini cal and subclini ca l mastiti s pat hogens. 

It was observed that many owners of dairy farms used drugs for treatment without rational 

presc ription. The invitro disk sensitivity test provi ded a result that can be guidance for the stud ied 

dairy farms in order to choose an effective antibiotic to treat mastitis. Drug sensit ivi ty test 

showed tha t microbi al iso lates wee highl y sens itive to c loxacillin , gentamycine and amoxic ill in 

ancl moderately sensitive to ampicillin and oxytertracyc line. Whereas Staphylococcus and 

streptococcus species showed the wide spect rulIl resistance to streptom yc in and pen icillin which 

may be due to the excess ive and prolonged use of these antibiotics for mastiti s and other 

infecti ous diseases in the farms. The effec tiveness of c loxacillin detected in thi s study agrees with 

the findings of Quinn et al. (2005) who assencd that cloxacilli is an effective drug aga inst 

Swphylococc/./s aureus. Streptococcus agliluctiae. Escherchia coli and environmental 

Streptococci. 
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6. CONCLUSION AND RECOMMENDATION 

The hi gh prevalence of mastiti s obtained in th is stud y indi cated that bovine mastiti s is one of the 

major disease problems in dairy farms in th e study area. The frequency of subclinica l mastiti s 

was hi ghe r than clin ical mastitis. Dairy owners and workers were not aware of subclinical type 

of mas titi s. Efforts have been concentrated on the treatment of clinical cases wh ile the hi gh 

economi c loss cou ld come from sub clinicallll astitis. In most of dairy farms stud ied, the hyg ieni c 

conditions were poor. The standard of milking procedure was also very low. Generall y mastiti s 

prevention and control measures were not properly practiced in the majority of the dairy farm s. 

Confinement of animals in poorly ventilated ho uses and w ith out giving exercise was common ly 

obscl"\'cu. Low leve l of knowledge about dairy management was seen on the da iry workers and 

visi ble negligence of owners has also a contribution for the observed farm management 

prob lems. Staphylococcus aureus was the predominant organism isolated from both clinica l and 

subclinica l cases foll owed by Streptococcus ogaiacliae and Escherchia coli. The isolation of 

contagious and environmental mastitis causing bacteria 111 combination is indicator for the 

presence of poor faml and mi lking hyg ien ic condition. 

Acco rding to the drug sensitivity result cloxaci ll in , gentamycin and amoxicillin are the most 

effec tive dru gs to treat mast it is in the stud y dairy farms. However, Staphylococcus and 

Sll'eplococCUs species which are considered as major pathogens were highl y res istance to 

streptomycine and pencil lin therefore, use of these dru gs is not recommendable. 
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Based on the above concluding remarks the fo llowing recommendations are fo rwarded: 

:..- There should bean implementa tion of Illas tit is prevent ion and control strategies including 

r~cord keeping and prov ide advice allli trai ning regul arl y on bas ic farm and mil king cow 

management, economic and public hea lth importance to the owners and dairy operators. 

>- Creation of awareness about the presence of invisible (sub clinical) type of mastiti s and 

techniques of it' s screening. 

:..- Anti biotic susceptibil ity tes t prior to thc· Lise of ant imicrobial drugs should be practiced in 

bo th treatment and prevention of in tra mammary infections . 

Y Longitudinal study fo llowed by interventiona l studies is also recommended in order to 

determine the importance and role of risk lilc tors in the occurrence of mas ti tis. 

) 1 



7. REFFERENCE 

Abdel la, M. (1 996): Bacterial causes of bovine mastiti s in Wondogenet. J. Vel. Med. 43 

(6): 379-384 . 

Bansan , B. K., Joernhaman, N. T., Crabwoskit :Inti Krishan, B. S. (2005): Vari ation 

Composition of Selected Mil k Fraction Sample fro m Healthy and Mastitic Quarters. 

Journal of Dairy Reaserch, 72 : 144-152 . 

In 

Barkema, H. W. , Schu kken, Y. H., Lam , T. .1 , Beiboer, M. L , Bened, Ctus, G. and Brand, 

A. (1999): Management practices associated with the incidence rate of clinica l mastitis. 

Journal of dailY Science, 82 : 1643- 1654 . 

Bishi, A. B. (1998): Cross secti ona l and longitud inal prospec ti ve study of bovine c lin ical and 

sub-c linical mastiti s in peri-urban and uban dairy production system in Addis Ababa 

Region, Ethiop ia. MSc Thes is, Freie Universi ty Berlin and Addis Ababa Uni vers it y, 

Ber lin , Gemlany. 

Bradley. A. .1 (2002): Bovi ne Mastiti s, an Evolv ing Disease. The Veterinary Journal, 164 : 11 6-

128. 

Bustan , A., Trachsel , P. , Scha llibaum, M. and 13Iun . .I . M. (200): Udder healt h and ri sk factors 

fo r subc li nical masti s ti in organic dairy I>lnns in Swizerl and. Prevemive Veleril/wy 

Medicine, 44:205-220. 

Central Stati sti cs Au thority (CSA) (2008): Stati sti cal Abstracts 2007. Add is Ababa, Ethiopia. 

Coles, E. H. ( 1986): Veterinary c linical pa thology. 41h Editi on, W.B. Saunders Company, 

Philadelphia , Pp 360-369. 

Cullor, J. S . (1991): The role of vacc ines in the prevention and moderation of cl inical 

mas titi s. Proceedings of the thirteenth an nua l meeting of the National Mastiti s 

Control , Reno, Nev. USA. 

Dargent -Molna, P. , Searlett , 1., Po llock, R. V. II.. Erb, H. N . and Sears P. (1998): Herd level 

ri sk factors for S/aphylococclis allrells and Sireptococcus agalacliae intramammary 

infect ions, Prevel/live /lelerill[J/Y Medicil/e, 6: 127- 142. 

De lu yker, H. A. (2005): Factors Affecting (' ure and Somati c Ce ll Count After Pirilimyc ine 

Treatment of S ub cli nica l Mastiti s in Lac tating Cows, Journal of Dairy Sciellce. 88 :604-

6 16. 

52 



Demelash, B. , Etana, D. and Fekadu, B. (2005) : Prevalence and risk factors of mastitis in 

Lactating dairy cows in southern Ethiop ia. J APPL. Res. Vel. Med., 3:200. 

Dulin, A. M., Paap, M. J. and N ickerson, S C. (1988): Comparison of phagocytosi s and 

chemiluminesescence by blood and mammary gland neutropliils fi'om multiparous 

wld muliiparo us cows. JAII1. Vel. Res, 4Y: 172-1 77. 

Dwight, C. H. and Yuan, C. Z .. (2002): Veterinary Microbiology. Black well sc ience Tokyo. 

I'p 251-257. 

Edward. M., Anna, K., Michael, K. Z., Henr),. K. and Krystina, S. (2002): Antimicrobial 

Susceptibility of Staphylococci Iso lated from Affected with Mastitic Cows. jOllrnal 

veterinary nalural.lpit/way, 46: 189-294. 

Ellen, J. B., Lancer, I'. and Finegold, M. (19 ,)4): Diagnostic Microbiology. Toronto, Mosby, 

I'p 701-703. 

Erskine, R. 1. (2001): Mastitis control in dairy f,II'ms in Herd Health, In: Food animal production 

Medicine, 3"1 Edition, W. B. Sunders Company, Pp 397-435. 

Frese, M. (1999): Cross .. site and cross-location 011 ('11111 investigation on epidemiology of mast itis 

in market oriented urban/peri-urban product ion sys tem in the region of Addis Ababa and 

Dcbrezeit, Ethiopia. Diploma Thesis, Freie University of Berlin, Germany. 

Food and Agricul tural Organization (FAa), (2003) : Milking, milk production hygiene and udder 
l 

health . Ani mal production and health pilpe r. series 78. FAa of United Nations, Rome, 

Italy, Pp 68-72. 

Getahun, K. (2006) : Bovine mastitis and ant ibiotics resi stance patterns of major pathogen 

in small holder dairy farms in central hi gh lands of Ethiopia. MSc Thesis, Addis Ababa 

University, Debreze it, Ethiopia. 

Gonzalez, R. N., Cullor, 1. S. and Jasper, D. E. (1989): Prevention of clinical coliform mastitis in 

dairy cows by a mutant E'scherchia Coli vaccine. Can J. Ver. Res., 53:301-305. 

Gruent, P. (200 I): Bovine Mastitis and IntramaJ1ll11ary Drug Delivery Review and Perspectives, 

Advanced Drug Deli very Reviews. 50:24 ~ ·259. 

Hamri RL'gional Agricultural and Rural Devel ulllnClll l3ureau (HRARDI3): Annual report on 

animal health ancl production activities. Harar. 

53 



Kerro Dego and Tareke, F. (2003): Bovine Illastitis in se lec ted areas of sou thern Ethi opia. 

hopical Allilllal Health alld productioll . 1:;(3): 197-205. 

Kiva ri a, F. M. , Noordhui zen, 1'. M. and Kapanga, A. M. (2004): Ri sk indicators assoc iated wi th 

subclinical mas titi s in smallholder dai rv cows in Tanzania. Tropical Animal Health alld 

Productioll , 36(6):581 -5 91 . 

i..cma, M. , Kassa, T. and Tegene, A. (200 I ): Clinica ll y manifested major health prob lems 

of cross bred daliry herds in urban and pcri-u rban production sys tems in the centra l 

highlands of Ethiopi a. Tropical Allilllull ll'll itil alld Productioll , 33 :85-93. 

Marion , B. R. (2007): Pl an t Produced I'ro teinases Dairy Cow Infection, High Beam 

Encyclopedi a Research. American Vet(,I-lllary Medical Association. Pp 12-53. 

Manhengo, J. M. and Ombu i, J. N. (2007): Det ection of staphylococcus entrotoxins in milk 

and meat in Nirobi Kenya. Journal Tropical Microbiology, 1(3): 23-38. 

Matos, J. S., White, D. G., Langlois, B. E. (J 9!J I): Iso lation of Staphylococcus aureus From sites 

other than the lactating mam mary gland Journal DailY sci. 74: 1544. 

Mifflin, M. (2004): Bovine Mastit is-Definiti on of Bovine Mastitis in Medical Dicti onary, the 

rree Dictionary by FARLEX. Pp 15-20. 

Minna, K. (2004) : Geneti c and Phenotypic R,' I;!lionships among Milk Yield and Somatic Cell 

Count Before and After Clinical Mastit iS , Jourllal Dairy Sciellce, 88:827-833. 

Morison, W I. , Murray, M. and Mentyre, W. I. ( 199 I): Disease of cattle in the tfopics Current 

Veterinary Med icine and Animal Scien,·,·. ICarming Press Limited, London, Pp 469-480. 

Mulei , C. M. ( 1999): Teat lesions and relati onshi p to intramammary infection on small sca le 

da iry farm in Kiambu district in Kcnya. Journal oj the south Aji-ica veterinary 

Association, 70:156- 157. 

Mungube, E. 0 ., Tenhagen, B. A., Regassa. r ., Ku yle, M. N., Sheferaw, Y., Kassa, T. and 

Baumann , M. P. O. (2005 ): Reduccu milk production in udd er quartes with 

subc lini ca l mas titi s and assoc iated economic losses in cross bred dairy cows in 

Ethiopia. Tropical Animal Health and Froduction, 37(6) :5 03-5 I 2. 

Mungubc, E. 0. , Tcnhagen, B. B., Kassa, '1. Regassa, F. , Kuyle, M. N., Gerincr, M. and 

Baumann , M. P 0 (2004): Ri sk factors fo r dairy cows mastiti s in the central highlands of 

Ethiopia. hopical allimol Health alld p m illietioll , 36(5) :463 472. 

54 



Mungubc, E. (2001): Management and Econorn ics of Dairy Cow Mastitis in Urban and Pcri-

urban areas of Addis Ababa Milk Shed, MSc Thesis, Addis Ababa Univeersity, Faculty 

of Veterinary Medicine, Debre Zeit, Ethiopia. 

Nibret, (2007): Prevalence of bovine mastiti s in lactati ng cows among small dairy herds and 

antimicrobil sensit ivity test on maj or iso lated pathogens in and around Gonder. MSc 

Thes is, Addis Ababa Univesity, Faculty of Veterinary Medicine, Debrezeit, Ethiopia. 

Nelson, W. P. and Stephan, e. N. (1991): Mastitis cou nter attacks . Babson. Bros. Co.Naperville, 

Pp 18-59. 

Nesru, II. (1999): Cross sec tional and 10ngitud n:t1 study of Bovine mastitis in urban and pen­

urban dairy systems in the Addis ababa reg ion. MSc Thesis, Addis Ababa University, 

Faculty of Veterinary Medicine Debrezeit , Ethiopia. 

Phillips, e. 1. ( 1996): Progress in da iry science. Farm ing Press Limited London, Pp 177-195. 

Phuekets, P. , Monsell , P. D. and Browning. G. F. (2002): Multiplex PCR assay for 

simultaneous detection of Slaphyioco('(' l/s aI/reus and streptococcal cases of bovine 

mastit is. Cornell University Press, New York, Pp 27-29. 

Quinn, P. 1., Markey, B.K., Donnelly, W. J. , l eonard, F.e. and Maghire, D. (2005): Veterinary 

microbiology and microbial disease. Bl ackwell science Ltd. UK, Pp 465-475. 
. , 

Quinn, P. 1., Leonard, F.e. , Maghire, D., Markey. B.K., Carter, W. E. and DOImelly, W. J. 

(2002): Clinica l veterinary microbiology. Wo l fe, Baltimore, Pp 327-344. 

Quinn. P. J., Carter, M. E., Markey, B. K. and Carter, G. R. (1999): Mast iti s in Clinical Quinn, P 

J ., Carter, G. R. and Markey, B. (1994): Mastitis . In. Quinn, P. J. (ed.), Clinical veterinary 

microbio logy. Wolfe, Baltimore, Pp 327-334. 

Qui nn , P. J., Carter, G. R. and Markey, B. (1<)94): Clinical veterinary microbiology. Wolfe, 

Baltmore, Pp 327-344. 

Radostits, O. M. (2001): Herd Health , Food ,\nirnal Produc tion Medicine. 3rd Edition, W B. 

Sounders Company, Philadelphia, Pp 397-428. 

Radostits, O. M., Gay, G. C., Blood, D. e. and J-1inchillif, K. W. (2000): Mastitis In: Veterinary 

Medic ine, 9'h Ed iti on, Harcourt Limited, London, Pp 603-700. 

55 



Radoslil s, O M., Les li c K. E. and Fetraw, J. (I l)'J (»): Mastitis control in dairy herds. In : Radoslits, 

O. M. Edition, Herd Hea lth , Food alllillal production medic ine. 2"d Edition, W. B. 

Au nders Company, Philadelphia, Pp 229-276. 

Redeat, B. (2009): M icrobiologica l study 011 bacle ri al causes of bovine mastitis and ii' s 

anlib ioti c susceptabilit y patterns in easl Shoea zone Oromi a regional state . MSc Thesis , 

Addi s Ababa Uni versity, faculuty of Velcrina ry M edic ine, Deb rezeit, Ethoipia . 

Sargent , J. M, Scatt, H. M. , Lestie, K. E., Irl and, M . .I. and Bashir, A. 1998): Cl inical mastitis in 

dai lY calli e in Onta l'io, frequency of occurrence and bacteriologica l isolates. Calladiall 

velerinary Journal, 34(33 ):240. 

Savasan, S. (2002) : c linical examinati on a rapid detection of gram posit ive and gram 

negative bacteria in bovine mastiti s. Year book publishers, 1J1C. London, Pp 23-27. 

Schroedcr, J. W. ( 1997): Mastitis Con trol Program. Bovine Mastiti s and M ilking Management, 

North Dakote State University (NDSU) Prcss . Pp 17-49. 

ShCIll , M. N., Ma lole, J. M.L. , Machangu , R, Krwij il a, L. R. and fujihara , T. (2001): 

Incidence and causes of subclinica l lll as( llis in dairy cows on smallho lder and large sca le 

fanns in tropical areas of Tanzania. i/oiall Australian Journal of al/imal science, 

14(3): 372-377. 

Su ri yasathaporn , W, Schukan, Y H. N., Ni lson. M. and Brand, A. (2000): Low somatic Ce ll 

count, a ('isk factor for subsequent clin ical mastitis in a dairy herds. Jouhwl of daily 

Science, 83: I 248-1255. 

Tamrat, 1'. (2006): Compari son of c linical trial o( bov ine mastitis with the use of anti biotics and 

honey in Sodo area, Ethiopia. MSc Thesi s, Addis Ababa Uni versi ty, Faculty of Veterinary 

Medicine, Debrezeit , Ethiopia. 

Then narasu, A., Mura lidharium, M. R. and Mu rugan, M. (2004): Effect of lac tatin g param eters 

on the incidence of bovine mastilis. Indi a Journa l of anima l sc ience, 74(4):379-381. 

Thrus fi e ld, M. (2005): Veterinary epidemiology. 2'''' Edition, Blackwell Sc ience Limited, Uni ted 

Kingdom, Pp 178- 183, 225-227. 

Wagc, S. , Mark , T., Roros, A., As land, D., Ilunshamar, A. and Odeggard, S. A. ( 1999): 

Bacteria associa ted with subcl ini cal mastitis in dairy heifers. JUrl/al of Dairy 

science., 82: 712-719. 



Wcllcnbcrg, G. J. , Vanderpocl l-l . M and Vano " .. T. (2002): Viral infect ion and bovinc ll1 astiti s, 

Journal of Veleril/G/Y Microbiology, 88 27-45. 

Work inch , S. , Bay leyeng, M., Mekonnin, H. and Potgieter, L N. D. (2002): Prevalence and 

etiology of mastiti s in cows from two n lajor Et hiopi an dairies. Trop . Anim. He/rh . Prod.. 

34: 19-25 

57 



8. ANNEX 

8.1. Questionnaire 

A. Herd description and Farm structure 

Fann No ______________ _ 

Farm owner Sex -------------------
Farm address: Town Kebelc _______ Tel __________ _ 

Urban Pre- urban 

Farm size -------------------------
Total number of catt le in the farm ________ _ 

Tota l number of each group: Cows ___ __ 

Bulls -----
Calves _____ _ 

Breeds of cattle owned _________ _ 

B. General production information 

Number of dairy cows in a herd on present: _ 

--------

_ _______ Heifers ___________ _ 

Oxen -------- ---------

Number of cows of each breed that are milking on present: 

Local zebu Cross breed Pure exotic _____ Total ______ __ 

Number of mi lking cows accord ing to stage of lactation: 

First lactation ____________ __ 

Second lactation ___________ _ 

Third lactation _____________ _____ _ 

Foul1h lactation --------------------- ------

Fi nh lactation -------------------------
Six and above lactation ________ __ 
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Numh", o f milking cows according 10 parily 

Parity one _____________ _ 

Parity Iwo ____________ _ _ 

Parity three _____________ _ 

C Health problem 

What arc the mOSI frequent d iseases encountered in thc farm? 

On descending order: 

3 ____ _ 

2 __________ 4 

What are the reasons fo r culling of cows? 

D. Soc ial structure 

Owner' s occupation 

Educalion level ----------
Number of dairy workers ___ _ ___ _ 

Occupational capacity and skills of dairy workers 

5 

6 ______ _ 

Salis factory moderate ------ ______ unsati sfactory _____ _ 

Availabili ty of dairy wo rkers 

sali s fac tory moderate unsat isfactory ______ _ 

Arc therc owners family members pani ci palin " un fa rl11 act iviti es? Yes No 

Do you have farm record for? Yes No ___ _ 

Do you give exerci se to the animals? Yes _ __ No ___ _ 

Whal are sources of dairy farm in f0l111at ion? 
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E. Milking procedure and management 

How man y times cows al'e milked in a day? 

Are teats and udder cleaned and washed befo re nlilk ing? Yes No 

Are udder and teats dri ed before mil king? Yes No 

Are teats d ipped after milking? 

Is anti septic used for d ipping? 

Yes 

Yes 

Is a teat clip used for each cow'l Yes _ _____ _ 

No 

No 

No 

Are hands of mil kers was hed before milki ng? Yes ______ _ No 

Are separate towe ls used for each cow? Yes _ _____ _ No 

Is a disinfectant used fo r washing hands? Yes ______ _ No 

Is a dry cow therapy practiced? Yes ______ _ No 

Are mastitis cases (clinical) treated on time? Yes _ _____ _ No 

Is there any screening testllsed? Yes _ ______ _ No 

When do you mi Ik cows with mastitis? --- .... _ ------------

1- . Farm inspection report 

HOllsing system 

Pen ____ Station _____ Barn Free stall ______ _ 

Floor 

ea rth _______ concrete _ __ . _ __ stone _ ________ _ 

Wa ll 

concrete _ ______ mud ___ _ _ __ Metal sheet 

Roof 

metal sheet _ ___ grass ___ _ other _________ ___ _ 

Drainage system 

good _______ moderate poor __________ _ 

Ven tilation 

good ________ moderate _ ______ poor __________ _ 



Doors and wi ndows 

good ________ modera te poor _________ _ 

General fa llll hyg iene 

good _____ _ moderate _______ poor _______ _ 

Cow cleanliness 

good _________ moderate poor _______ _ 

Are cow stall s o f adequate size? Yes ____ No _______ _ 

Are cow sta ll s free o f hazards? Yes No -------- --------
Is the roof structure rainproo f? Yes No ________ _ 

G. Feed and water 

Do yo u have an ex tra land for animal feed production? 

Yes No ________ ___ 

Are feed stuffs availab le for the animals? 

Yes _________ No ________ ___ 

Is waler avai lable fo r the animals? 

Y~ No --------- ----- -------- .. 

------------- ---- --- ---/ /---- -- ----- ----------

- - ---- -- - - - --- ---- --- - -/ / - -- - -- -- ------ ----- ---

61 



8.2. Sample co ll ection format 

Region __________ Town __ _ Kebele ___ Farm No 

Type 0 I- sample ___________ _ 

Date of samp le co ll ect ion _______ _ 

Da te of test ______________ _ 

PUI-POSC 

Sample co ll ec tion and CM T result regis tering l(lrIlrat 

Farm Cow Sample B,-eed Age Calv in ~ , I Stage of QuaneI' Remark 

(Herd ) No ref No lactation RF RH LF LH 

No 

i 
~-

I 
r .. -

I---~ -- f----- r , 

t 
t· 

. r-

t= 
.. .--

I 



8 .. 1. SlImmary of qll es tiollllairc slIrvey on sor ial aspects and animal management 

Urban Peri-Urban 

Detail Small Medium Large Smal l Medium Large Tota l 

Scx of owners 

Male 5 4 6 4 4 2 25 

Femal e 5 4 I I 

Occupation 

Full time dairy famler 3 2 2 8 

Business men/women 7 2 3 13 

House wife 4 4 

Employee 2 2 4 

Regular (mixed) form er 3 4 

Retired 2 
, 
J 

Educati onal level 

Degree 2 

Diploma 3 5 

High school 2 2 7 
, , 

Somc sc hool grade 8 5 
, 

2 3 I 22 J 

Ava ilability of dairy 

workers 

Sat isfac tory 7 5 
, 

4 
, 

2 24 J J 

Moderate 2 2 3 8 

Unsatis fac tory 4 

Comll1on source of 

information 

Animal health personnel 8 7 6 4 2 28 

Husbandry profess ionals 3 

Ex tension agents 3 5 

Avai labili ty of ex tra land 
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/e r animal feed production 

Yes 2 5 2 9 

No 10 8 5 2 2 27 

Feed stuffs availabl e 

Yes 0 

No 10 8 7 5 4 2 36 

water source avai lab le for 

Yes ]0 8 7 5 4 2 36 

No 0 

Number o f times cows 

are mi Iked 

Once 0 

Twice 10 8 7 5 4 2 36 

Trice 0 

Availability of farm 

record 

Yes 6 9 

No 10 7 4 4 27 

Exercising an imals 

Yes 5 3 3 3 4 19 

No 5 5 4 2 17 
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8.4. Hesull of questionnaire survey on farlll observation and environmental 

management 

Urban Peri -Urban 

Questions 

Small Mediu m Large Small Medium 

Animal house 

Modern 9 '\ 7 5 

Mixture ] 3 
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Total 

Large 

25 

8 
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8.S. Flow chart for isol~tion and identif1catillll of hacteria frol11 milk 

Milk sam ple co llection 

T 

(·MT 

T 

Culture respectlvc of CMT result 

T 

Inocu lation on blood agar 

T 

I ncubation at 37"e for 24-48 hours 

T 

Observati on of elliony characteri stics 

T 

Subculture on blood and macConkey agar 

T 

Incubation at 370e for 24-48 hours 

T 

Gram stain 

T 

Primary identifica ti on 

- Gro ll't h on MacConkey agar 

- Ca talas test 

- Ox id",c test 

- O-F test 

- Mot ility test 

T 

Secondary iden tifica ti on test 

Biochemica l tests 

Carbohyd rate fermentation 
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8.6. Microbiological diagnosis for ,'outine cullure (source Carter, 1996) 

Gram pos iti ve cocc i 

I 

Catal ase 

• 
(+) Staphylococcus 

Staph aureus 

Staph sp. 

(-) Streptococcus 

Strep agalact iae 

Strep sp: 

BLOOD AGAR COI-:ONIES I 
GRAM STAIN 

Gram negati ve rods Gram positive 

pleomorphic rods 

Oxidase I 
I 
I 

Catalase 
I 

• • 
(+) Pseudomonas sp. ( ,. ) Corynebacterium 

Pasteurela sp. C. bovis 

(-) En terobacteria C. ulcerance 

"Col i fo nns" (- ) Actinomyces 

A. pyogenes 

(c. pyogenes) 
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I 
Morphology 

I 
J. 

Yeast 

Nocardia sp. , 
Prototheca sp. 



8.7. Microbio logica l diagnosis for gram-posi I i vc organisms 

GRAM POSITI VE COCCI 

(KOH Nc~ative) 

] 

(+) Cat:dasc (-) 

[ 

[ 
Siaphylo cocci , Micrococci [ Streptococci, Enterococci 

----

(+) Coagulase (-) 

J L 

Staph aureus 

S taph hycus 

Staph i Illermedi us 

Siaph sp. 

Staph hyc us 

(+) CAMP test (-) 

] 

Strep agalacti ae 
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[ 

Strep dysga lacti ae 

Strep sp. 

(Esculin +) 



8.8. Microbiological di agnos is for gram-n egat ive organisms 

GRAM NEGATIVE~ 

(KOH Positive) ~ 

1 

• 
(+) Oxidase ( - )-~ 

'------,------ --I 

• 
Pseudomonas sp. Enterobacteria 

Pas teurella sp. "Coli forms" [ 
---,r-------------~ 

M acConkey agar 

Lactose 

( ") Fel111enters (-) 

E coli 

Klebsiell a 

Enterobacter sJl . 

70 

Serratia sp. 

Proteus sp. 

Citrobacter sp. 



Gram positi ve pl eomorphi c rods associated \\ Ilh maslilis 

Tesl Corynebac teri UI11 

pyogenes 

Actinom yces 

ul cerance 

Calalase 

i-Iaemolysis 

Growth in 9% sodium chloride 

8.9. Primary id entification test 

Gram 's stain (Carter, 1996) 

Procedure: 

Make a thin smear or film 

Allow the film to dry in air 

+ 

+ + 

Fix the film by pass ing through yhe bunsen fl ame severa l times 

Flood the s lide with crystal violat for 30 to 60 seconds 

Pour off the stain and was h the remaining stain wit h iodine so lution 

Wash off the iodine and shake the excess water fro m the slide 

Decolorize with aceton or ethyle alcohole for 30 seconds 

Counter sta in with carbo I fuchsin or safranin lo r 30 to 60 seconds 

Catalase tes t (Quinn eud., 1999) 

.r 

Corynebacteri lllll 

bovis 

+ 

+ 

Principle: The break down of hydrogen peroxide in to oxygen and water is mediated by the 

enzyme ca ta lase 

Procedure : a loopfull o f bacteril growth is ta ~ e n from rhe top of the colonies avoiding the blood 

aga r medi um. The bacterial cell s are placed o n a clean microscope slide and a drop of 3% 
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hyd rogen peroxide is added. An effervescence or oxygen gas, with in a few seconds, indica tcs a 

positi ve reacti on. 

Oxydasc tes t (Quinn el. ai., 1999) 

Principle: The cytochrome oxidase inzYlll c is ablc to ox idize the substrate tetralll cth yl-p­

phenylenediamine dih ydrochlo rid e, forming a coloured end product, indophenol. 

Procedure: prepare a solution of 1% te tralll ct hyl-p-phenylenediamine dih ydrochlorid e, then a 

piece of filt er paper is moistened in a petri di sh with fresh reagent and the test bac terium is 

s treaked firmly ac ross the filt er paper with a g lass rod . A dark purple co lour along the streak line 

wi th in 10 seconds indicates the positive reaction. Pseudomonas aerugenosa can be used as a 

positivc control organism. 

O-F test (Quinn , el. ai., 1999) 

Procedure: Prepare O-F base medi um and when the O-F base has cooled to sooe add 20 ml of 

stril e glucose sol ution in to 200 ml of O-F base, for a final concentrati on of I % glucose and 

dispense in to tubes. Two tubes of the O-F med ium are heated il~ a beakeroi boiling water 

immediately before use to dri ve off any disol vcd oxygen and the tubes are then coo led rapidly 

under co ld rurmin g water. Both tubes are s tab-inocul ated with the bacterium and a layer of ste ril e 

paraffin o il is layered on top of one of the tubes (sealed tube) to a depth of about one centimeter 

and the tubes are incubated at 370e and examincd in 24 hours and then daily for up to 14 da ys. 

Moti li ty test (Quinn et. ai., 1999) 

Proced ure : SIM medium (BBL) is used to det cct motility and the med ium is stab inoculated usi ng 

a st raight wire. Then the tube is examined for nlotil it y after 24 and 48 hours .lftherc is a di ffu sed 

grow th through out the medium , the bacteriu m is lllotile. The growth of none motile bacteriom is 

con fin ed to stab line. To il1lerprate the resukt, hold the tube against a good light and compare the 

inoculated tubes with un inoc ul ated one. 
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CAM P test (Quinn et. al.. 1999) 

Procedure: A culture of the s taphylococcus au rcus with a wide zone of partia l haemolys is (beta ­

haemolys in) is s treaked accrose the center or a sheep or ox blood agar plate. Astreak of the 

suspec t Group B sireptococclis is m ade at ri gil t angle to , and taken to with in I to 1. 5 mm of 

staph ylococcal s treak . The plate is incubated at 37°C for 18 to 24 hours. An arrow-head of 

complete haemolys is, indicates a pos iti ve C.t\M P test. The group B slreptococci produce 

diffusiblc metabol it es that comple te the lysis or the red cell s, on ly parti a lly haemolysed by the 

beta-haemol ysi n of the staphy lococcus. 

8. 10. Seconda r y identification test 

Indole tcst (Q uinn , et. 01., 1999) 

Principle: Indole pos iti ve bacteria posses an nZyl11e tryptophanase which convet1S tryptophan to 

indol e. 

Principle: Stab inoculte SIM m edium in a tube with test bacterium and inocubate at 37°C (o r 18 
, ; 

to 24 hou rs then add 0.2 ml kovac's reagentto thc l11edium and stand for 10 minutes. 

Interpretation: The formation of datk red ring on th e layer indicates positive reaction wh il e in 

negati ve reaction a yel low ring is formed. 

Methyl red (MR) test (Quinn el. 01., 1999) 

Principle: it is a quantitati ve test for acid production, requiring positi ve otgani sms to produce 

strong acid. 

Procedure: Inoculate G lucose phosphate peptonc water (MR-VP) broth with pure culture of test 

organism and incubate at 37°C for two days, thell add drops ofMR solution in to the medi um . 
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Interpritation: Production of red co lour indicates a pos it ive and ycllow negative resu lt. 

Voges-proskauer (V P) test (Quinn , el al., 1999) 

Principle: Some organi sms produce aceto in as a chief product of g lucose metabol ism and form 

less quantity of mixed ac id. 

Procedure: Inocul ate MR-VP bro th w ith pure c ulture of the test organism and incubate at 37°C 

for 2 days. Then al iquo t I ml of bro th to a c lcall les l tube and add 0.6 ml of 5% of a lphanaphtilo l 

in absolute pure e th yl alco hol and thenO.2 m l -10% KOH . S hek the tube gentl y to expose th e 

med ium to atmospheri c oxygen and allow th e tLi he to remain undi sturbed for 10 to 15 m inutes. 

Interpretat ion : A pink (red) co lour indicates a positive reaction and co lourl ess is a negati ve result/ 

Ureas Test (Quinn el. a/., 1999) 

Principle: Ureas is an enzym e possessed by many species of microorganisms that can hydrolyze 

Llrea wit h th e form ati on o f ammonia (a lkal ine) 

Procedure: The surface of the agar s lant is s treaked with the test orgaliism and incilbated a t 37uC 

for 18 10 24 hours. 

Interpretation: Organ isms that hydrol yze urea rap id ly may produce positive reaction in I o r 2 

hours . Red (pink) co lour throu gh out the medi uill indi cates a posit ive reaction. 
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8. 11. Id entification of gram positive cocc i (Qllinn ('I. al., 2005) 

Organislll Appearance in Coagulase Catal ase 

stained Smears prod uction 

Swp/iylococcus spp Irregular c lusters , 
.Micrococcus spp. Packets of four 

SlreplOCOcCUs and Chain 

Micrococcus sp p. 

(+) - Positive, (-) - Negat ive, (F) - Fermentative, (0) - Ox idative, 

(= ) - Positive or negative 

production 

+ 

+ 

Oxidase 

production 

+ 

8. 12. 0 ifferen tiation of mastitis causing slaphylococci spp.(Quinn et. Ill., 1999) 

Test staph. A w-ellS eNS Micrrococci 

Cata lase + + + 

Coagulase + 

J-iaemol ysis + 

Manitole (A) + I 

Maltose (A) + v 

G lucose (A) + + 

(+ ) - Positive reaction, (-) - Negative react ion, (v) - Variable reaction, (A) - Acid 
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O-F 

test 

F 

0 

F 

; 



8.13. Differentiation of mastitis causing streplococci ;pp . . (Quinu et. al., 1999) 

Species 

Slrep. Agalacliae 

SireI' . Uheris 

Slrep. Disgalaclia 

El1lerococcus faecalis 

(Al 

D'lerOCOCCliS pyogenes 

Enterococcus pneumonia 

(-) 

CAMP Growth on 

test MaC< 'onky agar 

+ 

± 

+ 

(+ ) - Posi tive, (-) - nega tive, ± - Negative or positi ve. (A ) - acid 

Easculin 

hydro lysis 

+ 

+ 

Other tests 

Manotol (A) 

Sa li cin (A) 

Salicin 

Manitol (A) 

Salicin (-) 

Manitol 

8.14. Growth characteristics and biochemica l reactions of members of 

Enterobacteriaceae, which causes mastitis (Quinn et. al., 2005) 

.' 

Test Escherchia Yersin ia Proteus Enterobacter Klebsiella 

coli spp. Spp. aero genes pneumollla 

Clinical importance Major Maj Oppor Oppor Oppor 

p/gen p/gen p/gen p/gen p/gen 

Culture characteristicshaemo Swanl1ing Mucoid Mucoid 

Lyt ic 

Motilit y at 30°C 

Lactose fermentation + 

lndol production 

Methyl red test 

Voges proskauer test 

Ci trate uti li zation 

+ 

+ 

growth 

Motile Motile Motile 

+ 

v oJ 

+ + 

+ 

\ . + 
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Moti le Non motile 
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H)S produc tion 

ill TSI agar 

Lys ine decarboxylase + 

Urease ac tivity 

\Vhcll cultured on non inhi bitory medium 

+ 

+ 

+ + 

+ + 

( ! ) - Posi tive , (-) - Negati ve, p/gen - pathogen, (±) - pOSl1lVe or negati ve, 

( \') - reaction varies with individual spec ies 

8.1 S. Differentiation of cOIYllebacteriulIl and flcri llolllyces spp . 

Ca rt er (1994), Quinn et. al., (1999) 

Spec ies Catalase test Haemolys is g lu cose Lactose 

(' a!cerells + v + 

C hovis + 

C pseudo 

Tllberclllosis + + + + 

A. p),ogenes + + + 

(v) - var iab le reaction 

8.16. Differentiation of bacillus spp.(Carter, 1994) 

Maltose trehalose 

+ + 

+ + 

v 

I 

Species Citrate Arabi nose Manito l Voges proskauer 

13ac illus ce rus + + 

Bacillus pum ilus + , + + 

Bacillus brevisd d 

Baci llus coagu lase d d d d 

d . I 1-89% strai ns are positive 
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8.1 7. Media used for isolation and identification of bacteria 

I. Blood agar base (BBL *, Becton Dickinson, l 'SA) 

Composition (gi l): Heart muscle, infusion frolll (solids) 2.0; pancreatic digest of cascin 13.0; 

Yeast eXl ract 5.0; sod ium chl oride 5.0; agar 15.1 1 

Preparetion: Suspend 40.0g of the powder in I lil cr of di stilled water. Mix throughly hea t with 

fi-cquent agitation and boil for I minute to cOl11 plete ly diso lve the powder. Autoc lave at 12 1°C for 

IS minutes. Cool the base to 45 to 500C and aci d 5'!!" steril e defibrinated sheep or ox blood. 

2. MacConkey agar (Oxoid, Hampshire, Englalld) 

Composition (gi l): Peptone 20.0; lactose 10.0; bil e salt No.3 1.5; sodium chloride 5.0; neutral red 

0.03 ; crystal violate 0.00 I; agar 15.0 

Preparation: Suspend 51.5g in I liter of di still ed water. Bring to boi l completely sterili ze by 

autoclaveing at 121 °C fo r IS minutes. 

3. SIM I11cdium (BBL *, Becton Dicki nson, US A) 

Composition (gi l) Pancreatic digest of casecin 20.0; peptic digest of animal tissue 6.1; felTO US 

amonium sulfate 0.2; agar 3.5 

Preparation: Suspend 30g of the powder in I I:iler dist illed water. Mix through ly, heal wil 

frequent agi tat ion and boil for I minute, AutocLt vc at 121 °C for 15 minutes. 

4. O-F basal medium (Mere , Darmstadt, GermallY) 

Composition (gi l): Peptone from cascin2.0; yeasl eXl ract 1. 0; sodium chloride 5.0; D-powsiul11 

hydrgen phospha te 0.2; bromothymol blue 0.08: "ga r-aga r 2.5 

Preparal io: suspen II g in I liter of distill ed \\ ,ll er by heating in a boi ling water bath or II I a 

current Sleam, autoclave for 15 min utes at 12 1 Dc. at approx imate ly SOOC mix in 100mi liter Ii Iter 
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sterilized 10% solution of D(+) glucose, lacto!'c. sucrose, or other carbohydrates ; di spense in ta 

tubes to g ive a depth of approxima tely 3cm. 

5. Phenol- red broth base (Merc, Darmstadt, Gerlilany) 

Composit ion (gil): peptone from casein 5.0; p"p ton from meat 5.0; sodi um chloride 5.0; phenol 

red 0.018. 

Preparation: Suspend 15g in I liter of distill ed\\'ilter; dispense in to tubes and inseI1 fe rmentation 

tubes ; if necessary; autoclave for 15 minutes at 121 "e At less than 60°C add the reactants (fina l 

conccntration 5 to I Ogllitcr) as ster lie sol uti on. 

6. Manitol sa lt agar (difco, Detroit, USA) 

Composi tion (gil): peptose pep ton No.3 10.0: Bacta-beef extract 1.0; -manitol 10.0; sodi um 

chloridc 75.0; Bacto-agar 15.0; phenol red 0.025 

Preparation: Suspend III g in I liter distilled \Vater and heat to boiling to dissolve completel y. 

Sterili ze with an autoc lave for 15 minutes at 121 (Jell 5 pound presufe. Cool to 45 to 50°C and 

d ispense in to petri dish. 

7. Nutrient agar (Oxoid, Hampshire, Eng land) 

Composition (gi L): "Lab- Lemco" powder 1.0: yeast ex tract 2.0; peptone 5.0; sod ium ch loride 

5.0' agar 15.0. 

Preparation: Suspend 28g in I lit er of di still ed water. Bring to boil to di so lve completely, 

autoclave at 121 °C for 15 minutes. 

8. Triple Sugar Iron agar (TSI) (marck, Germany) 
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Compos iti on (gi l); Pepton from case in 15.0: Ill eat extract 3.0; sod ium ch loride 5.0; lactose 10.0: 

sucrose 10.0; D (+) glucose 10.0; ammoniulll iron (JII) citrate 0.5; sodium thiosulfate 0.5; phenol 

red 0.0024; agar-agar 12.0. 

Preparation: Suspend 65 g in I liter of isti lled wa ter by heating in a boil ing water bath o r in a 

cu rrent steam. Di spense in to tubes, autoc!<l\ c fo r 15 min utes at 121°C. Allow to so lidify to give 

agar slant. 

9. Sil11mons c itrate agar (BBL*, Becton Di ch inson, USA) 

Composition (gI l) : Ammon iulll dihydrogen phosphate 1.0; dipotassium phosphate 1.0; sodi um 

ch loride 5.0; sod ium citrate 2.0; magnisium sulphate 0.2; agar 15.0; bromothymo l b lue 0.08 

Preparation: Suspend 24.2 g of the powder in I liter of distilled water. Mix throughly, heat with 

frequent agitation and boil for I minute to completely disolve the powder. Autoclave at 12 1°C for 

15 minutes. Cool tubed med ium in a slant position. 

10. Edwards med ium , modified (Oxoid, Halllpshi re, England) 
; 

Composit ion (gil); "Lab-Iemeo" powder I 0 0: peptone 10.0; aesculine 1.0; sodium chloride 5.0; 

crystal vio late 0.00 13; thallus sulphate 0.33; agar 15.0. 

Preparati on: Suspand 41 g in I liter of di stil led water. Bring to the bo il to d iso lve compl ete ly. 

Sterilize by autoclaving at 121 °C for 20 minutes . Coo l to 50°C, add 5 to 7% sterile sheeo or ox 

blood. Mix wel l and pour in the petridi sh. 

II . Eosin meth yli n blue aga r (Modi fi d) Levine Oxoid, hampshire, Eng land) 

Composition (gI l): Pop tone 10.0; Lactose 10.0; dipotass ium hydrogen phosphate 2.0; eos ine y 

0.4; methylen blue 0.065; agar 15.0. 
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I'repar"tion: Suspend 37.5g in I li ter of di still ed" ateL Bring to the bode to di so lve cOl11plete ly. 

Sterilise by autoclaving at 121°C for IS minutes Coo l to 60°C and shake the medium in nrder to 

oxidise the lllethyl en blu e (i.e. restore it 's blu c' colo ur and to suspend the preci pitate which is an 

essenti al part of the mediu111 . 

12. MR -VP med ium (oxoide, hampshire, England ) 

Composit in (gi l) : Peptone 7.(J ; gl ucose 5.0; phuspha tc buffer 5.0. 

I)reparation: suspand 17.0g in I liter o f di stilled wa ter, mix well , di stribute in to tubes and 

au toclave at 121 "c for 15 minutes. 

13. Urea agar base (BBL *, Bec ton Dickinson. l iSA ) 

CO IllPOSlllon (gi l) : I'ancri atic di ges t of ge latin 1 .1). dc.\t rose 1.0; sod iulll chloride 5.0; powss""" 

phosphate 2.0; urea 20'(J; phenol red 0.012 . 

I'reparatlon: Suspend 20 .0g o f powder in 10(1 III I of distilled water, mix throughl ), sterili/c Iw 

filtration . Suspend 15g ifagar In 900 1111 di stil k d water, and autoc lave at 121 °C for 15 "'''lUt es . 

Cool to 50"e and add the 1001111 prepared urea ;tgar base. Mix througl{l y and dispe{lse aseptical ly 

in steril e tubes. Cool tube mediulll in a s lant pOSil lon so that deep butts are fonlled. 

14. Mull er Hinton agar (BBL*, Becton Dickins,ln, USA ) 

e 0I11PO,'1 ion (per Ii ter-puri lied water): Beef ex tr; tC1 2gm , acid hydrol ysate 0 f casei 11 I 7.5: Starch 

.5, agar 17.0_ 

Preparati on: Suspend 3Sg of the powder in I 111<'r or di still ed water, mi x throughl y. Heat ,,-ilh 

fi-cqucnt agita tion and boil for I minute_ Autoe!; 1\ c' at 12 1 °e for 15 minutes. 
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8. 18. Procedure to conduct antibiotic susceptibi li ty test (Quinn, eta!., 1999) 

Prepa rat ion of the inoculum 

Inoculate a di stinct colony in to 5 ml of nUlri ent broth, and incu bate at 35 to 37°C for about 5 

hours. Then the turbidity is compared wi th 0. 5 MacFarnand standard. This standard is prepa red 

by adding 0.5 ml of J % (I J .75g1Jiter) BaCh21 1,0 to 99.5 ml of 1% (0.36NO H2So4 

Inoculation to Mueller Hinton agar 

Muell er Hinton agar autoc laved at 121 °C for 15 mi nutes is coo led to 50°C and poured in to a 

steri Ic petridi sh on a leve l surface to a depth of 4 111m; this is eq ui valent to 60 ml in a 15 Clll plate 

and 25 ml in a 10 cm plate. For s low growing bacteri a 5% defibrinated whole blood cou ld 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 Illust be squi sed out by the rotating the swab against 

the sides o f the tube. The p late is seeded un i forlll ly by rubbing the swab against the enti re agar 

surface in to three different plans roughly 60 degrees to each other. 

Disk application 

With in 15 mi nutes (t ime used to dry the inoc ulums) after the plates are inoculated, ant ibi otic 

impregnated discs are applied to the surface of' the inoculated plates by using a steril e forceps. All 

discs are gentl y pressed down on to the agar with forceps to ensure complete contact with the 

agar surface. The di scs should not be c loser than 1.5 cm to the edge of the pl ate and they sho ul d 

rest 3 CI11 apart from each o ther. The large pelri dis hes can accommodate 9 di scs in outer rin g and 

3 in the center, where as no 1110re than 8 sho uld be placed in a sl11 al l (10 CI11) plates. 
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Inoculation 

Incubate the plates invented aerob ically for 16 to 18 hours at 3SoC but not at 37°C. 

In te'l)reta tion 

Growth inhibition zo ne is measured in mill imeters using a transparent ruler on the under surfac e 

of the petri dish . For measuring purpose the end point is taken as complete inhibition of growth as 

determin ed by naked eye. The result is interpreted according to the table presented bellow. 

Zone size inte'l)retive for ant imicrobial inhibJlio n zone diameter (mm) 

A ntimicrobial agents Di sc potency Res istance Intermediate Susceptible 

Streptomycin S I 0 10l1g ,,; I I 12-14 ~S 

Oxitetracyclin OXTE 30 3O l1g ,ol 4 IS-1 8 ~9 

Erythromyc in EIO I Sl1g ,ol3 14-17 ;::18 

Penc illin GIO , .I 
fo r s{ophy/ococcus l o ru <>0 2 1-28 <29 

Pencillin for other 

Microorganisms 10IU ,ol1 12-21 <22 

Sulphanomide S300 3OOl1g :1l 9-11 ;::12 

Pol ymix in BPB30 3OOl1g 

Kanamyc in K30 3Ol1g ,ol3 14-17 ;::18 
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