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ABSTRA CT 

One thousand and [\\dye udder quarter.;: from ~.53 lraduionall~ managed JacI'::'ilng camel:: Came/us 

dromec.iarws \\ere in\esugated according: to multi-siJ.ge sampling In the study SHes. OU~ of the 10:: 

udder quarters. 35 .3 .-l6r c) quarters were blind and J.l (J..OSC'c) quarter milk samples wei"e lost dunng 

handhng. The remamIng 956 quarter milk samples 1.f66. 305. 185 from :'<egeie IBorenc::. Region 

D!re 0:1\\2.. and Gewane (.-\far Region /. respecHvel)' I \\ ere tested for CJ.liform<.J. .\i.lstlus Test (C\jT . 

SomJ.tic Cell Counts 'sec,- and bacteriological anaIY~I.s. 

The t='revaience of clinical ma5nEl5 was determined based on the Inspection or the udd;:,~ and rrjlk. 

while prevalence of sub-clinical masmis was calculated based on the :-esults of ba:teriolog:cal 

exarnioat\O:-:s major pJ.!hog;::ns I High preyaJence of sub-dinic.,d masliu", was ree-corded i:-om quaner 

milk samoles In Dire Dawa r..l6 . .2CC. n = \...: 11 followed b\' Gewane I.Afar Res!:Ion I 1-t5'-+CC. n = 8-: .:nG . .-
~egele ISorena Region] O-.!C"'c, n = ]"31. elmical mastitis was ob~eryed or:iy H: fhe ~.!C( 

.-\ lOl.::!! of 956 quaner IT'.ilk samples from .253 tradHionaliy m:maged laclanng came::; \\ere coll::::::;:ed 

nseplicall} and exammed usmg standard microbiological techmques mespecu\e of the results of 

C'\IT and Sec. Fiye hundred and se\'emy one (59.-3S"c.l quarter nulk samples had mIcroorganisms 

and 385 (40. 2"'7 C"c) quarter milk samples were found negative for microbial analysIs. Olit of 5- L .1.28 

l7S.00C"'c' Isolates were identified as major pathogens (.\lAP , and I-U (::!5.00CC isolates were 

conSidered minor pathogens 1.\IIP). The common pathogens isolated from sub-clinical mast1I:s were 

S. allreus and E. coil accounting for ::!-i.''7c (n = 139) and 17AC"'c (n = 98) of the total isolates of sub­

clinical mastitis. The microorganisms Isolated from clinical cases were S. aureus :;::!.::!CC f n = ::! . S. 

hyicus ::!.2.:;c,:-, n =::!l. Slreptococcus uberis ::::::.::!S""(; (n = ::!). Bacillus cereus ll.ISC If! = I). E. coli 

11 I C( (n = 1 . and S. epidermidis 11.l~, In = 1 I. 

For the .:mah·sis. C\n scores of ne2ati\'e (0) and (race (:= 1 were considered as ne£aU\'e and different 
- - -

IOtensirie5 of C'\fT positive (I. :::. 3) \\ere considered as positi\·e. A positive correlation was found 

between C~IT score:, and bacteriological groupings (~ IAP. '\lfP. and :"11 -/" = .19.98, P-value = 

0.001 OU[ of 933 quartei milk samples examined. 133 11-i.26C"c) \\ere C~lT posi(i\'e. The C'\lT 

YUI 



positive cases were associated with qU:J.rter milk sample, that had both major pathogens ( \lAP J~: 

minor pathogens (!\llPl (S I (60.90 I'lc) and 37 (27. 82c;"c). respectively). However. 15 (l1.2SC;C) Cl\1T 

positl\'e cases were from non-infected (:\0 quaner milk samples. 

ese of bOth logSeC and sec cut-off le\'el 2.5 x 10~ mr l indicated strong correlation P-\,allle::::: 

0.00) with ei\lT scores. But the differences among the medians log sec ofbacteriologJcal groupings. 

(major pathogens ( ~lAP). minor pathogens CV![P). and non-infected (;-"" 1) were nOt significant 

(Kruska!l Wallis = ~.S68, P-\'alue = 0.238).·The application of the CUI-off Jew! of~.5 '\ 105 mr also 

mdicated less agreement for bacteriological groupings (/ = 2.::!9. P-\,alue = 0-319 i 

Results of fisk factors analysis showed that the use of anti-suckling de\'ices can ·e considerec as 

contribution factor (X~ =7.77: P-value = 0.005) in spreading of intra-manunary infection in camels. In 

our study. mher factors such as tick infestations. teal lesions. conformation of the udder. prenol!s 

hlSlory of mastitis. stage of lactation. parity. and age were found to be less Important to ihe 

occurrence of camd mastitis in the swdy SHes as compared to use of anti -sucklmg de\'ices in came:s. 

In concluslQn. tile resul ts of tile present study revealed th;:H maSlltl::. m cJ.m~, I~ prevalent In :\:!gek 

Borena RegIon, Dire Dawa. and Gewane (Afar RegIon,. CaliformJ. :'LlstHlS Te::.t \C~lT :'.H1 be 

applied for the detect ion of the udder mfection in camels. The pathogenic bactena that cause mastitis 

in camels are similar to those of the cows. Cse of anti-suckling devices is responsible for spreading of 

mtra-mammary infection in camels. 
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I . I :\TR O D C CT J O:\ A:\D O B JE C TIYE S 

There are twO [voes of camels in the world: [he one-humped camel, Cameius dromeddrills I ::.nd 

the bactrian [\\o-humped camel (Camellls bacrrial/lls). The bnctrian camelis m::uol) found In Ihc 

regions of the European-Russian conllnem. It accounts for 5S: of the world camel popula1ion. 

The dromedary camel is lhe most dominant and widely distribmed in the tropics and sub-[ropic~ 

of the African and Asian contments. It is numerous in the arid and semi-arid are:1S of Africa. 

particularly in the arid and semi-arid lowlands of eastern Africa. The population in Ih ls regl o!'! l~ 

11 million which accounts for 78% of Ihe Africa and 57% of Ihe camel population In the world 

(FAO.19971. 

According to FAO (1992). consumption of liveslOck products Increased :2-3 times more in 

developing countries as compared to developed countries. This IS attributed to the high 

population growth and an increasing urbanization in the third world. The FAO report inol...;J.tec 

that the food supply must be improved. both in quanmy and quality. It IS we!! t>:nown that camels 

pl:J.y major role" in improving the '>oclO-economic statu,> :md surnval of the deo.;e:-l d"\elle~" :nc 

are major source" of protem and energy for them. ThIS 15 due to ;1 numb\!:- 'f :.peclill ... ::..J.to!"'"",!C<.l! 

and physiologlC'JI c-haracteristics of :he camel as w·dl 3:' 10\\ suscepi.lbilay to d!::iea~c~ Schwan::: 

and DIOIi. 1991). 

Schwartz and Dioli (1991) recorded that the came! milk comains the necessary prorems. sugars. 

fats. minerals and vitamins for the young cah·es and is valuable food for the people. Beside IO,l[ 

camel milk IS a rich :::'OUfce of vitamin C for the desert people who are unable to get it from other 

sources (Schwartz and Dioli. 1991: \\'ilson. 1998). On the other hand udder mfection wa' 

considered as one of the main constraims for camd rearing. For lIl~tance. It has been nollceJ i:1 

the slaughter houses that early culling of female camel In Iraq is attributed to chronic mJstitis J.nd 

in fertil ity (AI-Ani and Al Shareefi. 1997 ). During the last decades the disease has been reported 

from a number of camel-rearing countries in Africa such as Egypt ('\loustafa eT of .. 198-: Karrn~. 

1990). Somalia (Arush eT 01 .. 1984: Abdurahrnan et of .. 1991). Sudan (Abdu rahman el 01 .. 1995: 

Obied el a/., 1996) and Kenya (Younun et a/ .. 2001 ). 



In EthlOPIJ.. camels are kept m arid and semi-arid lowlands of Boren:l. Ogaden. and A:-ar regIon:., 

The camel populatIon is estimated at one million in the country (Teb . 1991). The same :lutno~ 

has also reported that the camel milk is the main food for the nomads m pastoral production 

system of Ethiopia . and they consumed it in raw Slate. Based on that. Alma\\ and !-.lolla (2000). 

Salah (2000). and Bekele and .\101la (1001 ) investigated the udder infections In the dromedar~ 

camels in eastern. south western, and north eastern parts of the country. They also recommended 

that an extensive research is needed on Ihe epidemiology and etiology of the camel mastitis as 

well as Ihe diagnostic 100is and related factors, which influence the prevalence of the dise~se 

Therefore the aims of the study were: 

• To determme the prevalence of clinical and sub· clinical mastitis in Ihe camel 10 DIre Da\\'~. 

Gewane (,..l,.far RegIon), and :\egele (Borena RegiOn ) of EthIopia. 

• To evaluate California .\1asUlis Test (C:VlT) and Somatic Cell COll<lts (SeC) based on 

microbIological examinations for the detection of camel mastitis. 

• To analyze some of the risk facto rs that affects the o..:currence o( camd ma!'tltls. 

• To estimate the susceptibility levels of bacteria isolated from camel mastitis to com:nonly usee 

anti-microbials. 
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2.L IT ERA T CRE R EY I E\\, 

2 .1. D i s tribut ion and ut iliza ti o n of t h e I.:a m e l 

The dromedary or one-humped camel (Came/lIS dromedarills) is: the one of [wo species \\ lthm 

the genu~ Came/us. the Olher being [he bactrian or two-humped camel (Came/lis bacrrialllls). The 

dromedary is originally a tropical animaL However. some dromedary keeping countrie~ are 

located outside the tfopics. It has been supposed that the dromedary wa::; Ilfsi comestlcJtec 1:1 

<;outhem Arabi;]., by people who had no other domestic anima.ls for milk proctuc!lon. and then 

spread to north Africa. These animal ... were also found in north and south America. western AS1", 

and india. Canary Islands. Caribbean. Italy and southern Spain (Knoe55. 1971). 

LI1 Arne:! camels produce milk. meaL blood. hair. and hide. They are al"o used for ridmg. draugh: 

purposes. and as pack animals (Knoess. 1977: Schwartz and Dioli. 1992 I. 

2 .2. Ada p t a t i o n a nd f ee ding or t h e c am e l 

The camels are \\ell adapted to the arid and extremely arid zones. This is due to the fact th.:lt the 

c:lmels can change their body temperature to as low as 3..1 c C and as high as ..11 °C and produce 

5mal! amounts of urine which is highly concentrated. Water conscrv,uion by means of 

physiological mechanisms alone is nolo however, the only adaptive feature of the camel which 

also possesses behavioral and anatomical adaptation as well as additional physiological ones 

(Wilson, 1998). The camels have excellent feed conversion efficiencies such that they convert the 

scattered vegetation of the desert into highly nutritious food and other forms of energy. The 

camels can browse. eat bushes and branches of trees or graze on grass. They can be fed like catlle 

and will eat stra\\. hay, silage. grains and cakes. They can eat sharp. thorny plants. which other 

animals can not eat. In dry seasons. when feed becomes scarce the camels can live on hump fat 

and survive in this way for a very long period. A further advantage is the low susceptibility of the 

camels to diseases (Schwartz and Dioli . 1992: Wilson, 1998). 

3 



::. 3 . Pa sto r a l i s t ar e a s in Ethio p ia 

The pastorali~t area~ of Ethiopia are located in the lowlands of the countr~ and cOYer ";' 8'7c 

(590.000 Km~). The lowland compo",es about one million camels corresponding 12c;'c of the total 

livestock population in the lowlands. The major pastoral is! groups are Oromo. Af::tr. and Somali 

iT eka. 1991. Coppock. 199-ll. Accordll1g to the cla",,,,ification of Coppock ( I 99-l) the pastof:lJist 

areas in EthioPia cover the arid. semi-arid. and sub-humid zones. 

2.3.1. Econom ic pote nti a l a nd major co ns traint s for ca me l r earing 

i\.10S1 camels are kept by nomadic pastora!i~ts. and pl:1y an essentlai role In their sub~islcnC;.: 

economy. The economic \'alues of keeping camels are specifically for milk and meat product ion 

In addiuon. they serve as an inveStments. provide employment and cash meome generation. Onl~' 

in recent years there have been attempts to market camel milk. Camel milk is nOt readily sold by 

owners in the pastoral production system of the east Africa because of soclo-cultural restraints. 

However. camel milk IS now being marketed in an industrial manner in Saudi . ..\.r:lbi.1. and on a 

smaller scale in \Inuritania. Somalia. and in a limited scale in the nor. hem Ke:1Yo.. ii, also stemed 

to be ~old as a health food 10 Europe rSchwo.rtz and Di01l. 199:!: Kohler-Rollefson. 1993 

The major constraints of camel production in arid and semi-arid areas arc shon<!~e of feed and 

water. camel diseases such as camel trypanosomiasis. respirator~ dlseases. helminthosis. tick 

infestation and sarcoptic mange. low production rate and high monality in calves and Jbonion. 

Infrastructure and marketing of camels as well as the products and b~ product" 3re 

underdeveloped (Schwanz and Dioli. 1992; \.vilson. 1998). 

2 . .t. -'fill.; produ c t i o n 

Camel milk is one of the most valuable food resources in arid and semi-arid of ea",tern Africa. It 

contains all the essential nutrients. The total dry maner ranges from 12 to ISS;, protein from:::' 7 

to -l.5 %, fat from 2.9 to 5.2% and lactose up to 5.5%. Camel milk is a rich source of vitamin C 

(may reach 2.9 mg/lOO g). This is \er~ important for desert people who are unable to gel rhis 

\'itamin from fruits .lOd vegetables. Lactation lengths like\\ ise sho\\ large Yaria{]ons of 8 months 
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to almost:: year" with e:.timated milk yield5 of 800 (0 over -+000 Kg per bCl<lUon. Recent 

rese:1rch 00 [he chemistr: and biochemistry of camel milk and ad\'ance~ in processing lechnology 

have showo that it is possible to produce both bUller and cheese wnhout too much difficulty. 

Other traditional products such as fe rmented milk are not difficult to make it and are hjghl~ 

appreciated by the owners (Schwanz and Dioli. 1992: \\·ilson. 1998). 

2.-L1. ~Iilki n g a n d re l ated probl e m s 

The camel udder has four quarters. one tear per quarter and tWO streak canals pe r teat. The tears 

can be well formed like those of cows but usually are not as long or [1.-; [hIck. They resemble tho ... e 

01 heifers. Cnder traditional management. where most milk I:' produced. m.:n m:l.Iniy milk 

c:1mels. !'-.Iilking frequencies are variable and depend on the needs of the owners. cilmate and feed 

conditions. Generally. higher frequencies produce high total milk yield, v. hich IS noticeable up to 

four limes per day. At the early stage of lactation. the calf has to suckJe first to ,,([mulate milk let­

down, after the udder has been stimulated the let-down is only for short duration. Hence. the 

milking must be done as quickJy as possible. Aggressiveness towards the calf or milker b) 

lactating camels is common (Schwartz and Dioli. 1992: \\·il~on. 1995I. 

2.S. Cdd e r in f e ctio n 

l\.lastitis is a complex disease occurring worldwide among dairy animals. with heavy economic 

losses largely due to sub-clinical mastitis. There is extensi\'e literalure on bonne mastitis and to 

some extent on {)vine and caprine mastitis. Very liuie is known about masmis in camel. The 

disease was belie\'ed to be rare in the camel. However. cases of mastitis in the camel have been 

rep9rted from different countries, e.g. Egypt Cvtouslafa el al.. 1987: Karmy, 1990); India (Kapur 

el al .. 1982): Saudi Arabia (Barbour el al.. 1985: Hafez et al.. 1987; Ramadan el at .. 1987): Iraq 

(AI-Ani and AI Shareefi. 1997); Somalia (.'"'.rush et al.. 198-L Abdurahman el at .. 1991): Sudan 

(Abdurahman er a/., 1995: Obied et al., 1996): United Arab Emirates (Quandil and Ouadar. 

198-1.). Ethiopia (Almaw and ]\10113. 2000: Salah. 2000: Bekele and Y1011a. 2001 ). and Kenya 

(Younan el al., 2001). 

5 



2.5. J . Pa t hoge n s cau s i ng ca m el ma s t i ti s 

Camels under ti~diuonal management sy~tem are usually kept far from urban. Tht:s. 

bacteriological examination of the camel milk was considered difficult (Abdurahman ct al .. J 995). 

SrreptococCtls agalactiae and SrapizylococclIs aI/reus were the main causes of camel mJstit)-; 

(Obled el ai .. 1996). Recently. Almav.' and :-'l olla (1000) and Bekele and .'loila (}001 haw 

Isolated other Streptococcus spp. and coagulase-negative Staphylococci from mastitic milk of 

dromedary camel. Barbour et al. (1985) and AI-Ani and AI Shareefi (1997) considered 

MicrococclIs spp. as important causative agents of camel mastitis. 

£. coli has been reponed as major pathogen causing mastitis in the camel (Saad and Thabet. 

1993: Abdurahman el at. 1995: Bekele and :\110\13.. :WOl). E coli . Pseudomonas aerw!IIwsa. 

Klebsiella pllelllrlOlliae have been isolated from both clinical and sub-clinical camel mastitis 

(Kapur el a! .. 1982: Quandil and Ouadar. 198~: El-hkee. 1998, Bekele and Molla. 2001). On the 

other hand, PrOlells vulgaris and Aerobacter spp. have been isolated from nonna! came! udder 

tissue and milk . respectively (Obied er ai., 1996: EI-Jakee. 1998). 

RelationShip bei\\een occurrence of camel ma~titis and pre~ence of Connt?ba, icrilllli sPF. 

ACTinomyces spp .. and Bacillus spp. were reported III lraq (AI-Ani and AI Shareefi. 1997). Egypt 

(E!+Jakee. 1998). and Ethiopia (Almaw and ~[olla . 1000: Bekde and ':\'Iolla, 2001). Camel 

m::l.Stitis caused by anaerobic ClOSTridium perfril1gells was considered as a problem III Egypt (EI­

Jakee. 1998). C. albicolls has also been reponed as a causative agent of camel mastitis (Quandil 

and Quadar, 1984: EI-Jakee, 1998). 

2.5.2. Risk factors of came l m as titi s 

The use of devices to prevent the cal \ es from sucking their dams. together with heavy tick 

infestation of the udders and the treatment of infected quarters by cauterization have been 

considered as pred isposing factors for camel mastitis (Abdurahman el af.. 1995: Obied et al. 

1996). Furthermore. Bekele and MoJla (2001) considered that the hea\'y tick infestation. use of 

anti -suckling devices, and the thorny bushes in pastoral areas might be responsible for udder 

abnormalit ies and deformities and bl ind teats in Afar mil k..i ng camels. They also reported a 

pos itive correlation between trauma and the occurrence of camel mastitis. Recently, Younan el 
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aI, r:!ool) reponed th:H the camel pox might be considered <1'" d comributlng fJctor m the 

spreading of Intra-m:lmmary infection caused by Streptococcus agalaclIae In Kenyn 

1.5.3. Form s of camel ma s t iti s 

The forms of mastitis in camel can be clinical maslltis (lOc!uding peracute. aCUIe. and chronic 

mastitIs) or sub-clinical mast itis. Clinical mas ti tis in camel is characterized by hardening and 

swelling of the udder. pain on p:llpation and visible alteration of the colour and consistency of 

milk. Thus. clinical mast itis can be detected by examinatIon of the udder and/ or of the milk 

(Obied ei af .. 1996), 

The term peracute mastitis refers to severe inflammallon. with swell mg. heal and pain of qU<lrter. 

with a marked systemic reaction that may be fa tal. The change in the mammary glands in acute 

mastitis is similar to those of peracute but the systemic signs are less severe (Quinn et ai., 1994: 

Radostits ef al.. 2000). In India. Kapur et al. (1982) recorded a case of peracUie mastltis caused 

by Klebsiella spp. and E. coli that resulted from contamination dunng udder surgery. While 

Qu;mdil :lnd Quad:!f t 198.1) reponed acute form of camel mastiu.'), 

In Sal1di Arabia. Ram:.ld:m c.' al. (19S~) described uniJo.teral chromc m .. bUt: ... c;Jusl!d oy S. twrel/.\ 

and PasreHreIia haemolwica in three lactatin!! camels due to obstruction of the [eat c;loals b\ . - , 

kermin. He indicated that the camels with previoLls history of aCUle bacterial mastitis lead to 

chronic mastitis with subsequent fibrosis and keratinization of the udder [jssue. Chronic cases of 

[he camel mastitis due to S. aI/reus have also been reponed In Iraq (AI-Ani and AI-Shareefi. 

1997). 

Sub-clinical mastitis was reported in Sudan (Obied ef ai .. 1996; Abdurahman el al .. 1995) and 

Ethiopia (Almaw and Ylol!a . 2000: Bekele and .\101Ia. 2001). The same authors indIcated that the 

term SUb-clinical mastitis in camels refers to the existence of mflammation III the absence of 

gross sign and can be detected by ind irect tests such as California Mastitis Test (CMT) and 

Somatic Cell Count (SCC) as well as microblOlm:!:ical examinations. 
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2 .5 . ... Diag n os i s of ca m e l ma s t i t i s 

Clinical mastitis can be detected by examination of the udder andl or of the milk as \\ell ;.tS uSlnf 

indirect testS (Obied el al .. 19961. Bacteriological examinations of the milk. California !'.Iastili ... 

Test (CvITL and Somatic Cell Counts (Sec) have been used as diagnostic tools to detect sub­

dimc~ll maSlIliS in camels (Obied el al., 1996: Abdurahman el al .. 1995: Alma\\ and :'loll~,. 

':WOO: Bekele and Molla. 2001). 

The value of the C:-'IT for the early detection of mastitis in camel herds was lOdlcated b~ 

\Ioustafa el at. (1987). A study on the sensitivity and specificity of C\'lT in Kenya (Younall L" 

al .. :::001 \ has shown that the C~1T can be applied as a screenmg test for the detectiOn of intra' 

mammary infection with S. QI/reus and SfreplOCOCCltS agafacliae III camels. This result suppor:'­

thar of Bekele and Malia (2001) who reported during their study on camel mastitis a positive 

correlation between C)'IT scores and bacteriological results. :Vloreo\'er, Obled er al. (1996 foune 

a strong correlation between leukocyte counts of the camel milk and the C:VIT scores. Ar. 

increase of sce with the degree of CMT and their value in predicting the infection stalUs of th l! 

udder in lactating camels has also been reponed b\' Abdurahman (1996 ;.md AI-Ani and Al­

Shareei ( 199-1. 

Varialions in the leukocyte counts of colostrum. normal m1lk. and dry-periOd milk from camel-.. 

have been reponed by :\Iloustafa ef al. (1987). There were increases in the Somatic Cell Count~ 

(SCC) in camel milk with age. stage and number of lactations, and the results of the rapic 

mastitis te st (CMT) were directly cOlTelated with the leucocyte counts (Kospakov, 1976 \ 

However. Obied er ai. (1996) found no relationship between leukocyte counts and differen: 

stages of the same lactation in camels. They considered an increase m the somatic cel! counl~ 

oyer 500,000 to be an indication of the udder infection in camels. Abdurahman (1996) in th ~ 

slUdy of sub-clinical mastitis in seven lactating bactrian camels (Cameius hacrriallllS) kept at a 

zoological park in Sweden. showed that camels free of udder infection had a higher basal SCC 

than cows. The author also recorded that the cell fragments may be counled as cells in 

microscopic counting. Abdurahman (1992) previously recorded the pre:.ence of large numbers of 

the nucleated cell fragments in lhe camel milk. Similar cell fragments in goat milk did not reaCt 

with C}'IT rea2ents (Schalm el al .. 1971). 
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Some orhe:- cw.gno..;ti:: tOols ha\(~ been used for the detection of camel mastitis, S<lac and T nJoc: 

(1993) have reponed a strong correlation between Whiles Ide test and bacteriological results of 

camel milk. samples . . --\bdurahman e! al. (1995) indlcnted that milk. samples from quaner~ 

infected with major pathogens had higher \'alues for Cl\lT. SCC and Adenosine Tnphosphate 

(A TP) than samples from quaners that were infected with minor pathogens and from nO[ infected 

quane:-s. The \'AGase teSt h<!s been used for predicting of udder mfection in cow. The test is 

based on the measurement of a cell -associated enzyme ( \'-acetyl-~-D-glucosami nidase) In the 

milk. ,-\ high level of the enzyme indicales a high cell CountS (RadostHs er al .. 2000 ). In Sudan. 

Abdurahman (! 995) measured the :\'AGase activity and concentration of se rum albumin from 

quarter milk samples of lac tating camels using both the fiuofQscan method and :-adi:!.l 

immunodiffusion test. The same author indicated that the \' AGase was more reliable if: 

predicting bacteriological Slams of the camel udde r than serum albumin, There IS a direct 

relationsh.ip between intra-mammary infection in cows and the conductivity of the milk 

produced, The (est is based on the Increases In sodium and chloride IOns. and the consequent 

Increase in eleclncal conductivity, which occurs in mastitic milk (Radostitls et af.. 2000 ). The 

milk. conductivity was measured for both normal quaner mi lk samples and mtra-mammary 

infection with S. aureus and S,reprococClls agaiacjiae in lactating camels m KenYil {YounJ.n e.' 

a!.. 2001 , The :luthor explained that [he conductivity reJding was not olagno5t1': 
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3 . . \IATERIAL S Ai'D :lfETHOD S 

.3.1. S tud} area 

The SIlld\ was conducted in three different d istricts namely. :\egeJe (Borena Region ). Dlre 

Dawa. and Gewane (Afar Region) in the southern. eastern, and north eastern Ethiopia (Figure I). 

?\ege!e (Leben District) is located in Ihe Borena zone of the Oromin Region. ~outher:1 Ethiopia 

(585 Km from Addis Ababa l. The Borena. Arssi. and Gujji are the major ethnic group" in [h~ 

area. The dIstrict has mainly a semi-arid climate. Annual mean temperatures vary from 19 !O 

14~C and the fl\erage annual rainfall for the area is gre::lter tban 900 mm and the r'llnfall I;;; a 

bimodal. The altitude is below 1:500 m above sea level. The area i~ dominated by sJ\"annah 

\'egetation. several species of grasses and woody plants. Anima! population in the region i:- J.~ 

follows: caule ( I.Ti.569), goalS ( 1.991.196). camels (669,887), donkeys (5].578). mule~ (6 .376 1. 

and hOf;)es (507) (Peacock and Workneh. 1991: Coppock. 1994). 

DIre DawJ is located 515 Krn eaSt of Addis Ababa. The area is semi-arid with a min:mum of 

2~ oC and a maximum of 34°C temperature. The rainfall p;:lltern is a bimodal wilh an annuai 

rainfall [hat ranges from 500 to 700 mm. The altitude varies from 500 to 1350 m above sea level. 

The major vegetation types in [he area include shan and scattered thorny trees. bushes and 

acacia. The major activ ities of the people in the region are trade and mixed farming. In Dire 

Dawa. the tOial liveslOck populalion is 183,440 goals accounting for (51.26%) of the total 

livestock followed by canle (12.09%), sheep (20.66%). don keys (3.75%), and camels (2.:.+%\ 

(Dire Dawa Administrative Council Agricultural Bureau . 1998). 

Gewane (Afar Region) is 269 Km from Addis Ababa. T he main ethnic groups are Oromo, 

Amhara. and Afar. T he altitude of {he area varies from 150 m below sea level [Q 1000 m abo';e 

sea level. The minimum and maximum annual temperatures are 18°C and 35°C, respectively 

The region has annual rai nfal! (bimodal pattern ) of 561 mm on {he western edge of the 

escarpment and 215 mm on the lava plain and volcanic ash where only camels and goats are 

reared. Anima! population in the region is comprised of cattle (700.000). sheep (JOO.OOOi. goat~ 

(2.000.000), donke)s (16.000). and camels (300,000) (Wario. 1996: A:\RS. 1998). 
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~. }. Stud~ desi gn 

3 .1.1. S lud~· population and sampling m ethod 

The study animals thai were sampled are lradnionally managed lactating camels of dlffer:::nt 

herds. Data on breed. age. stage and number of lactations. panty. preyious history of mastlt!s. 

abnormalities of the udder and milk . and other data related to mastitis were recorded using a form 

.AppendlX I). 

To determine number of clusters (herds) to be samoled when the samole size IS fixed. a [wo-sta!!e 
" " -

clus ter samphng was applied. The required clusters were determmed at 9SC"c confidence jew! 

usmg the follOWing formuJi1 (ThrusIleld. 1995 j: 

where 

~::: number of ciuste~ to be sampled 

Pexp::: expected pre\'alence 

d::: desired absolute precision 

Ts::: total number of animals to be sampled 

\' C::: between-cluster yariance 

1.96' 'Ts " \ "c 

Determination of expected prevalence (Pexp) depended on previous infonnatlon on camel mastitis 

If! Ethiopia. Almaw and \ Iolla (2000). Salah (1000) , and Bekele and .\lolla (:2001). These 

inyestigators reported prevalence of chnical and sub-clinical maSlitis in the camels as :!~.l £,1:.. 

48.1110, and 1 ~.l C'c respectively. Based on these an ayerage of 28 .1 S'c \>.,as obtamed. The desirec 

absolute preciSIOn (d) of 10% was used. A total number of quarter milk samples (Ts) oi 1012 

(500,320, and 192 quarter milk samples for :\""egele (Borena Region), D!re Dawa. and Gewane 

(Afar Region) were obtained. respectively_ There was no information available on cluster 

samples from previous reports. thus the estimation of bet\veen-cluster variance (V cJ was dcne by 

estimating standard deviation (the a\·erage difference expected between an indi\·idual cluster 

prevalence and the overall mean cluste r prevalence). The between-cluster variance (Ye) was 



0.085. Thus . 35 cluste r.', were sampled (28 cluster.', for :'\egele (Borena RegIOn . ..,. ciusre:'s for 

Dire Da\\'~l.. and :3 cluslers for Gewane (Afar Re~?:i on). The lerm chisler refers to the herd. The 

herd size in Ihe slUdy sites \'aried from one camel up [Q [\velve cameb. 

3 .2.2. Q ues ti o nnair e s ur"ey 

Data on knowledge related to mastitis . the Iypes and use of anti-suckling devices. practices of 

cautenzatlOn as means of Ireating udder problems. tick mfestations problem and methods of their 

control. and other camel management practices were obtained by means of a questionnaire from 

the owners of the camel during each visit (Appendix 2). The questionmire sur\'ey was done in 

the three study SHes and was based on the willingness of camel herd 0\\ ners. 

3 . 2 . 3. Co ll ec ti o n of q u art e r milk s a mpl es 

The suckling calf was used to stimulate milk let-down. Before the collection of quarter milk 

samples. the teats were diSinfected with COilon wool moistened with 70S", ethyl alcohol. The first 

fe\\' squirts of milk were disc:u-ded and about 5-:::'0 011 collected In <l stenie ufln'ersal DOttle. The 

quaner milk samples \\ere k::pl 111 an ice-box and tr~msponcd as soon..:~ possible ,0 [h-:- bbofJ.tor:. 

CIt the F:1culty of \'etennar: .\Iedicine. Addis Ababa L'ni\'ersity. Oebre Zen. In Ihe lahorUlory the 

quarter milk samples \\ere kept at -:WOC before the applic::llion of the Californi;\ .\,lastlm Tes! 

(C.\·IT). Somatic Cell Coums (SCC), and microbiological investigations. 

3 . 2.-L Ca l if o rn i a ,\- [ a s titi s T es t ( Ci\ [ T ) 

The California :Vlasti tis Test (CMT) was carried out using the method described by Schalm er a! 

(1971) and Quinn er al. (199-1.). Briefly. equal volumes of commercial Ct-.1T reagent and quarter 

milk were mixed. The imerpretation of the result was done as described by Quinn er ai. (199 .. -1), 

Table 1. For the analysis. negative (0) and trace (=) were considered as negative and differen; 

intensities ofposirive (1. 2. and 3) we re considered as positive. 
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Table I : Interpretat ion of c.\rr resu lts a nd r elat ionsh ip with sec 

C'\ IT Inter pretatio n Visi blE- rea cti on Tot:ll cell co unt 

sco re 

" ;\egail\e 1\!Jlk flUid and normal O-:!OO.OOO 

O<:'5c,c :-':eUlrophil 

-- Trace Sltght precipitation 150.000-500.000 

30C: _.l. OC"r :\eutrophil 

\\'·t::.lk posHlle DlstlnCI preclpH::nion but no gel ":'OCI.OOO-l.::00.00( 

formanon .1 .)"'( -600 .\~tlt;'lpnll 

, Di~tln::t positive \llxlUre thickness with:l gel 3()(j,()(X:~5 .OOU.OOO 

formation 60" --OC"r '\eutrophll 

3 Strong posltl\e ViscoslI} greatly Increased Strong gel ;?: 5.000.000 

IhaiiS cohesile with a conle>: surfJce -O~c-'W" ;\t::~mophd 

Source: Quinn er al. (1994) 

3.2.;. S o m atic Ce l l Co unt ( SCC ) 

The Direct r-.Iicroscopic Somatic Cell Counts (D.'vISeC) was applied as recommended by 

Packard er al. (1992). The following procedure was employed: 

- The magnification factor CvlF) was determined in order to calculate the tOla! number of 

sec per ml using the following formula: 

~l agnification factor (i\lF) = 40000 

3.1 4 16 x d' where d =diameter 
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were \\ armed Immed'.J.te!: before transfeITIng them (0 slide!) 

The smear;:, were drIed and heated slowl: to prevent from craclmg and peeling. 

The smears were stained with Levowitz \'"eber modification of the .\"ewman Lampe;-: stain 

for two mmmes Ithe stain was placed in a container cm-ered [Q prevent evaporation 

The lOl.t.! number of cell counts per ml was calcubted uSing the following formula: 

.\"umber of leukocyte per rnl of milk = .\"umber of leukocyte::. counted x ~IF 

.\"umber of fields counted 

The somatic cell counts (SCC \ of :!.5 x 105 cell mr' was used a~ the cUI-off pain: RaJo"li;.!s L" 

Q,.,. :000) to classify quane r milk sample:'. of the lactulJng camel as pOSltl\"e- In the analysl5" 

3 ,1.6. Ba c t e ri o logical p r ocedu r es 

Frozen ql.:.;Iter Jr..llk samples were ihawed at room lemperamre The b..1ctcnologlC:!.l c\.!lrure w..:.s 

~eriormed follo\\mg the standard mlCToblOloglcallechmques (Quinn c: {II-. IUU-l-. One loop:uL 

0: milk W..1S streaked 0:1 sec sheep blood agar and \iac(onkey dgclf [(, d~tect GrJIT!-nega!!\"::­

bactena could grow on [hiS medium. The plates were Incubated aerobically at 3-oC for 24 ane.,:;,& 

hours. The plates were examined for growth. morphologic features of the colomes, and hemoJ:,'!ic 

characteristiCS. The following assumption was applied for the interpretation of the results: 

A sample was considered positi'\"e if one of the known maslitis causatl\'e agents was isolatec. 

:\ sample was considered negative if there \\as no gro\\ ih after 48 hours. 

A sample was considered contaminated if there was profu,e growth of envlronmenca] 

bacteria" 

Presumptive identification of bacteria on pnmar} culture was done on the basis of colon: 

morphology. hemolytic characteristics. Gram-stain and biochemical tests. Staphylococcus spp. 

and ,\/icrococcIIS spp. were identified based on catalase test. coagulase lest. haemolysis" pigmem 

production. fermentation of maltose tpurple agar ~ 1% ma\mse), Presence of SlreptococCIlS spp 

and EmerococClls Jaecalis was determined according to C.-\~'IP reaction, type of haemolysis, 

gro\qh characteristic on Edward's medium, and sugar fermentation, Corynebacterium spp. and 
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Bacillus cereus were Identified ba~ed on hemol Ylic characlerislic::.. c~n:.tla<;e I;:S: growth or 9'( 

i"aCI. CA.\ l P reacl ion. and sugar fe rment21ion teSts. Gram-Ilegatiq~· isolates were Idendified 

based On growth on _"lacConkey agar. c:ltJlase les t. oxid:.tse reactIOn. trlple sugar Iron agar TSI), 

l.\ IVIC test. urease and su£ar fermemalion tests. The differemialion of microbial 15013tC" was 

carried out as summarized in Appendix 3. 

Case definition: An individual mammary quarter was defined as nOll -lnfeCled (NT) if no 

microorganism wa:; isolated. infected \\ J[h major parhogens (.\lAP if Staphylococcus (lureus. 

Streptococcus agalactiae. S. Llheris. Enterococclls jaecalis. IHicrocOCCIlS spp. Actinomyc:e:,' 

pyogenes. Bacillifs cereus. Pasteurella haemoiYlica. and coliform.~ were present. and infectec 

with minor pathogens (,\UPI jf coagulase-negative Siaphylococci less). Corynebacterium hods 

and other enyironmental pathogens were isolated. This classificatIOn was based on Ihe presence 

of pathogens which are responsible for udder infection (Q uinn et al .. 1994: Abdurahman eI al .. 

1995: Obied ei aI" 1996: EI-Jakee. 1998: RadosLHs e! of .. ]000; Bekele and \lolla. ~001 ). 

3 .2. ; . D e t e rmination of c lini c al and s ub- c lini ca l mastitis 

Clinical mast i ti~ was fecogmzed b~ abnormal milk and \Igns of udder lflf~c[!on (aonorffi<:.dil!~:' c: 

the udder). Sub-cl!mci.!l mastitis refers iO the existence of infbmmation of the udder !:1 tht 

absence of gross signs. This was established by bacteriological cx.lminmions I mJjor pathogensi. 

The following formula (Thrusiield. 1995) was used for the calculations of both the prevalence 0: 

clinical and sub-clinical mastitis in camels at the quarter leyeJ: 

Prevalence = No. of quarter milk samples with mastitis 

Total numbe r of quarter milk samples 

3.2 .8. Anti-microbial s u sce ptibilit y t e st 

Susceptibiluy levels of bacteria isolated from camel mas titis iO commonly used anti-microolais 

were estimated using the single disc diffusion susceptibility test (K.irb~ -Bauer Zvlethod) (:"CCLS, 

1990.1997: Quinn er al .. 199 .. 1-). Briefly. this was performed as follows: 
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The isolJ[e~ were transferred to a tube containing 5 !TIl trypth. so~ brOlh. The mntur:> \\~~ 

incubared at roc until a slight \")sible turbid l t~ 3ppeared. Th!s was compared wi.h the 

:' IcFariand 0.5 turbidity standard. 

The isolates were streaked Onto \ lueller-Himon agar which comained 5o/c deribnnmed blood . 

.\IcFariand 0.5 turbidity standard was prepared by mixing 0.5 IllI of solution A (0.048 ,\1 

BaCI~J and 99.5 ml of solUlion B (0.36 N H2S0.d. 

SO!l1:lOr, A 10.0";'8.\\ BaCI:: : 1. - 5 gram Bac!:'\2H:O \\.> dilmed li1 IO( m~ (bailee \\ .. tcr. 

Solullon B (0.36 :\ H:!SO.d: ! ml H~SO..: was mned with 100 ml distilled \\<.ltef. 

The antibiotic di:-.cs were incubated for 18 to J.1 hours at 3~oC and the dlamt:te:-.; of zone of 

growth-mhibltion we re measured in millimeters and reponed as: 

1- Susceptible: Refers [0 the response of the pathogens 10 the anti-microbial agent at [he normal 

do~age. 

Moderately susceptible: The possibility of the pathogens inhibited by attainable concentratlon 

of the anti-microbial agent provided a higher dosage was used. 

3- Inte rmediate: The pathogens were nm fully susceptible to the specific anti-microbial agent. 

.1_ Resistant: The pathogens were nOl inhibited by the usually achievable systernic concentration 

of the anti-microbial agent. 

Imerpretations of the inhibition zone sizes of anti-microbial agents are summarized in Table 2 



Table 2: Zone s ize interpretation of anti-microb ia l agents 

I 

Interpretation of zone size in mm 

Anti-microbial agent Disc Disc ~ - ,., 
~ ~ - " code content .- "" "" 'E - .- .-- ,. - -

~ " ~ 
Q. "-

'Vi " ~ .: ~ ~ " 
, 

'"' .:: " ~ g I c:: :;E = = ~ '" .. 
Amoicillin I I 
S;aphylococci S ~8 - - ? :!9 

non-ente ric Sireptococci AP 10,ug S 21 - ::!-~ 9 ? 30 

Ellterococci 5 16 · 2: ! I -
Enterobaclenaceae S13 · IJ· 16 ?17 

Other organisms S 13 
· 1..+-17 ~ 18 

I 

Erythromycin I E 15 )lg I S 13 I 14-22 I · I > 1'- I - --
Kanam\·cln K I 30,ug I $\3 I 1"-1- · 2: IS 

Penicillin G 

SlCIpilylocoCCI $ ~8 · · ? 29 

SlreplOcocci PG 10 Units 519 · 20-27 ? 28 

Enrerococci 514 - - 2: 15 

Other organisms 5 16 · · ~ 17 
-

Streptomycin S 10 )lg $ II 12-1-+ · I 
> .• _I) 

Tetracycline T 30 )lg I 514 15-18 I · 219 

Oxytetracycline I OT 30,ug $1 4 15-1 S I · I ~ 19 

Chloramphenicol I C 30 u" $ 12 13-17 I · I ~18 ., 

Gentamicin I GM I 10 u " ., I :5 12 13-14 · ? 15 

\l alidix ic acid l"A 30,ug $ 13 14-18 · ~ 119 

Source: Modified from :"JCCLS (1990 and 1997) and Quum ef al. (1994) 

18 



3_2. 9 . D a ta manag e ment and analy s i s 

.\licrosoft Excel! \\ 'indo\\ 5 1997). Statgraphics plus for \Yindow3 :.1. and Stata 6.0 fo:- \\'1:1do\'.':-

98/95/:"T were used for dJta analysis. Descriptive statistics were used for all the variables. Chi­

square (/J was used for assessing the statistical associations of various risk factors with mJstH!S 

The logisIlc regress ion model was employed to obtJJn the odds rallos between different factor~ 

and occurrence of camel mastitis. Interpretation of the results was done as follows: exposure 

could not be associated with mastitis if the odds ratio (OR) = I. could be a m.k factor if the OR > 

1. and could be J protecti\'e faclOr if the OR < I. To determme the significance of the associ arion. 

95C'( CI was used. For instance. the associ:Jtion bei\\een risk f:Jcter ;.L"1j occurr;!ni.·e of camel 

mastitis was considered srutisticaJlv significant if Ihe 95C"r Cl did not mclude one. 

Kappa statistic was used to assess the agreements between C'\-lT. SCC. and bactenologica! 

results. since there was no gold standard teSI for the calculation of sensHi\'lty and specificI[:, 

(Thrusfield. 1995). The cut-off levels which were used in the test were: 

~llcrobiologlcal examinations based on: ,\'IAP = ~ve .\IIP = -Ye 

C'\-lT based on: 1,2.3 = - w Trace (= J & negative (0 = +ve 

SCC based on: ;::: 2.5 x 105 mr! == +ve < 2.5 x 10:- ml "l = -ve 

The logic of using this approach was [hat agreement between tests was regarded as evidence of 

validity. Kappa statistic ranges from I (complete agreemem) to 0 (no agreement). Negative 

values indicated that agreemem was less than expected by chance. The orher point estima!e<; 

according to Thrusfield (1995) are: 

0-0.20: slight agreement 

0 . ..l1-0.60: moderate agreement 

> 0.81: almost perfect agreemem 

0.21-0"+0: fair agreement 

0.61-0.80: substantial agreement 

Kruskall Wallis was used to compare medians log SCC to CMT scores and bacteriological 

examinations (i'. IAP, .\IlL?, and i\I). The log SCC was nOt normaly distributed after 

transformation. Therefore. Kruskall Wallis, i1 non-parametric test. was employed instead of USIO£: 

the parametric A'\'OV:\. 

19 



-I. RESCLTS 

-'.1. Que s t i o nn a ir e s ur\'e~' 

Que~!lonnaire sur\c~ was done In order to have some background aboui the knowledge of camel 

mastItis, milking and related problems as well as management practices such as use of anti­

suckling devices. cauterization . and other means of control of camel mastHis. To achieve l ~ese 

objectives 20 owners of camel herds (1 L 6. and 3 owners from :'\egeJe (Borena RegIOn). Dire 

Dawa. and Gewane (Afar Region) . respec;:i\'el~ were inter\'iewed. The responses to the 

questionnaire sun-ey are summarized in T able 3. The results showed [hat Ihe main purpose~ for 

keepmg cameb were for milk and meat production and source of income (SOC7c . n = 10). :\me 

owners (45S"c ) selected only milk and meat produclion. :\ineteen owners (95%) exp lained thai 

diseases and feed shonage together with water scarciry were the major constraintS' of c.:!me! 

re::mng. The same number of owners confirmed the presence of udder problems. Hov,:e\·er. 13 

owners (65Ci"o) did not know any type of mastitis treaLmenl. Th irteen (65o/c) and 12 (60% ) owners 

confirmed practice of cauterization and use of ami-suckling deVices. respecm·e!y. High 

frequency of milking. three times {50C;C, n = 10) and lOur urnes I .. W<:'"C. n = 81 \\ere recorded If"! th~ 

intcf';iew. Twenty (IOOC;-c) owners did nm clean the udder. bUI I; (55CC washed their hands 

before milking. 

~.2. Cro ss -sec tional s tudy 

One thousand and twelve udder quarters from 253 trad itionally managed lac1ating cameis 

(Camelus dromedarius) were investigated according (0 multi-stage sampling in the study sites. 

Out of the 101 2 udder quarters. 35 (3.46%) quarters were blind and '21 (2.08%) quaner milk 

samples were lost during handling. The remain ing 956 quarter milk samples (466.305. 185 from 

:\egeJe (Borena Region ). Dire Oawa. and Gewane (Afar Region ), respectIvely ) were tested for 

California i\.l astitis Test (CMT). Somatic Cel! Counts (SCC). and bacteriological analysis. The 

results are given in Table 5. 
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Tabl e J: Summar~ of th e qu estio nnaire survey responses b~ Glmel he r d 0 \\ ners in l"egele (Bo re na Region l. 

Purp o ~1' fo r h e epin!! camel s 

mil .. &: meat prOaUl:llor. 
h. Income 
c both 
d other 

The con.strai nts of camel rearing 
J leed shortage &: "a!er scare!!) 
;.., di~e_s~, 

e both 

Pre:.cnee of masti tb 
" Yes 
Il '\ 0 

Cause of mastili~ , [Ie,;: 

o. 1111:, , bo<h 
d r.othmg 

T~ pes of ,reatment 
J ;mt:~!otlC 

~ tr<.!d!~iona! 

:;; nO!hml:! 

Prat tice of l:3uteril3tion 
a Yes 
b .... 0 

L'se (lr anti.suckling de \ ices 
J ' es 
b ,'\ 0 

Tick control 
a aeJ rlclades 
b manual removal 
c both 
d other 

Freque nt) of mil king 
a once 
b t"lte 
c three times 
d four times 

I Cle;J ning the odder before mil ki ng 
J Yes 

I b, .... 0 

'''' a~hing the hands before milking 
J Yes 
h :\0 

A " ' e;;ek ( Borc:n~ Rej;Jon' 

n " numberofo"nel" 

Dire Oawa. a nd Gewa ne (..Har Regio n ) 

B c Total 

5 145,.!5) 3 (50,00) I \33.33) 9 (.15 ,001 
0.00 000 0.00 000 

5 (45 ,.!5 , ::. 150,(0) 2 (ti6,6- ) 10 <50.00 
J (9,09; 0.00 0.00 1 1500) 

000 I 16,6- 000 1 ,5 ,Q(1 

0.00 (J.Oi.! 0.00 00 
11 (10000) 5 rS3.33, 3 (\0000) 19 '9500) 

II (1(XUXl) 5 r83 33 ::. (\0000 !9 {95,00 
000 I :5 16.67 000 ; (500 

6 (5.1 5.1 2 ()3, 33! 3 [100.(0) 1 (5500 
0.00 0.00 0.00 000 

5 i 45 .!5 , 0.00 000 5 C5J 
000 .1 (66,6- 0.00 ..l (:!O) 

1(9_091 000 000 . ),00 , 36,:6, :! ''::':;'3' 000 , 3000 
6 ,5_U ..l 1 ..:. (1:16,6- 3 100.0(}1 " 65_00 

7 (63,6-1) 3 (50,OO) 3 (100.00) 13 (65 00) 
.. (36.36) 3 ',50,00) 000 - '3500) 

! 1 (]OO.OO) 000 \ (33,33) I:' (60_00) 
000 6 (100_00) 2 (66_67) 8 ( .. 0.00) 

2 (1 8 18) 2 (33,33) 0.00 ~ (20.00) 
! (9.09) 000 0.00 ! (5.00) 

i (6364) .1 (66,6- 1 3 (100.00) I.: \70.00) 
1 (9_09) 0.00 0.00 1 (5_00) 

I (9_09) 0.00 0.00 I 5_00) 
0.00 0.00 I (33.33) 1 (5.00) 

7 (63.6~ ) 2 (33.33) 1 (33.331 10 (5000) 
3 (27 .2 "::-) ..l (66_67\ I (33,33) 8 (.10.00) 

0.00 0.00 0.00 0.00 
II (100,00) 6 (lOO.OO) 3 (100,00) :!O (100.00) 

3 (T 27) 6 (10000) :! (66.67 11 (55.00) 
8 1'2.73) 000 I (3333) 9 (.1500) 



Tabli' 1: The distribution and percentage of the results of Cali fornia ) lastitis Tesl IC) lT . Som:l ,ic Cell Count~ sec, 
and hacteriological examinations 

Lnil 

Sub-lO tal 

R~cleriol0l!ir-::ll fnminal;nn< . 311 <;[e<'l 

Sub_lota l 

Tr..ce = 

SUb-IOI:!1 

"nmal ic Cell Count< ISCCllall ,ile<l 

<~;;).Id'mr' 

Sub·lolal 

RF n~hl front RR n~h[ r,,:lJ' 

RF 

196-

~39 

10000) 

I :!6 

96 
~'] 65.1 

:!36 
IO<H)O) 

.09 
-l.6.191 

88 
(.~ - 291 

" 33.0: , 

I.!..! 
(6698) 

:15 
(10000) 

Lf kft front 
n' num.b<:r of ,J,r:1pi,:s I,," percentJ,f;e of ,ample' 

some samples \\ere lost dunng handling 10 the. !aborator~ 

Ouarltr milk ~amplt, 

RR 

'5 
'J1:'1 

23!; 
.0000 

o 
(~ : 0) 

, 
: .10 

9, 
~: 31 

~3~ 

IIO(}'<)O) 

10' 
~},911 

II ,87 

13'J 
(10000) 

OJ 
(30}5, 

.'" 
(696S) 

:01 
10(100) 

LR.leit n:::: 

LF 

r I <i }.! 

, .. .-.' 
<100 

, 

(I ::.;, 

, 

~39 

100.00 

125 
,525:( 

138 
100(0) 

130 
(6250) 

00' 
100001 

LR 

~ 5 

.9 -

, 

1'. 
':'3 '''; 

:!-'1 
loo. lO) 

102 
( ..!-! 5-1) 

93 
,.; )61) 

229 
10000) 

OJ 
1976) 

:05 
100(0) 

Tota l 

:.; I 9C 

I ~5 
119 \, 

9~6 

<lOll 

,-'-

}~.:' 

~() :-; 

956 
(10000) 

'00 
185,7': 

,-
(3: 69, 

100110) 



~ . .:!.l. Prel' alenre of c linical and sub-clinical ma stitis 

Prevalences. of both clinical and sub-cllnical mastitis are gi\'en III Table 5. HIgh pre\'alence 0: 

sub-clinical mastitis was recorded from quarter milk samples in Dire Dawa and Gewane (Afar 

Region) as 46.2S"c (n = 141) and 45...+% (n = 84). re spectively. However. there were no chnica~ 

("~,es recorded in these tWO areas. Sub-clinical mastitis was present in \73 (37.10',) quaner milk 

samples examined from :\'egeJe (Borena Region). Only 5 (1 '70) quarters had cbniea! mastitis in 

this area. 

T a ble 5: The pre\'al enee of clinical and sub-clinical mastitis obtained in .\egeJe (Borena 
Region ). Dire Oawa. and Gewane (Afar Region) 

Source of quarter 
milk samples 

.\0. of quarter 
milk samples 

Clinical mastitis:l Sub-cl inical mastitis '" 

.\egeJe 
(Borena RegIOn ) 

I Dire Dawa 

Gewane 
(Afar Region ) 

Over all 

-+66 

305 

185 

956 

5 
(1.1%) 

0.0 

0.0 

5 
(0.5 % ) 

:1- chmcal mastitis b:lsed on the inspection of the udder :md milk 

.\0. of positive 
(pre\'alence %) 

\..! J 

(46.2'7( ) 

8-1 
P5 . ..J.'/c) 

398 
(4 1.6 '"', ) 

b: sub-c1lOic:ll mastitis based on the results of bacteriologic;)l eX:lmlnallon 

~ I<lJor pathogens (~lAP) = - \e 

r.llnor pathogens (rvllP) :lnd non-infected (M ) = -\e 



·L 2 .2. l n tra·mammar~ infe c tion 

.-\ Iota! of 956 quaner milk samples from 253 lraciillon::!.ll) managed lactaung camels were 

collected asepticaHy and examined using standard microbiological techn iques irrespecti\'e of the 

results of California Ytastiti s Test (CMT) and somat ic cell coums (Sec). Fiye hundred :.mc 

sevem~ one (59.-;Y-cl quaner milk samples had microorganisms and 385 \-W.27 ) quaner milk 

samples were found negative for microbial analysis. Out of 571. ..j.~8 (75.00'10) isolates were 

identified as major pathogens (.\IAP) and 1--1.3 ( ~5.00\c) isolates were considered Il1mor 

pathogens (:vIIP ) (Table 6). 

Proportionally. the major pathogens (r.IAP) Isolated from sub-elmical mastlt!s were as follows: S. 

(lilrellS 2.:l-:7C;C (n =: (39).E. coli (17.-ICic;. n = 98). £merobacrer aerogenes 9.6'1c . n = .5~;. 
Bacilll/s cereus (9.1~c . n = 51 ). and Streptococcus uberis (6.8%. n = 38) of the total Isolates of 

sub-clinical mastitis. Coagulase .. neg.:nive 5mphylococci (C:\"5 ) (5. hyiws and 5. I:pidem:idis 

v,'ere the common minor ('\1IP) pmhogens. They accounted for 9.6S"c (n = 5..1) and 9.1% (n ::::51 

of the tOtal microorganisms of sub-clinIcal mastitis. respectlvel). The microorganisms isoLlted 

from clinical case~ were S. aI/reus 2~.~r,c (n = ~ ). S. /zyiC/l5 ~2.~'( ;; = ~ . SrrepfOcoccII5 ubcns 

22.2% (n = 2). Bacilllls cereus 11.1 C;o (n = I). E: coli 11.1 Cc (n = I I. and S. epidermidis 11 ICC (r 

= 1,. These were Isolated from 5 quarter milk samples collected In ?'ege(~ I BorenJ. RegIOn I. 

4.2.3. California ~la s tit i s Te s t ( C?\IT ) 

For the analysis. C'\IT scores of negative (0) and trace (::: ) were conSidered as negatlve and 

different intensities of C.\1T positive (I. 2. 3) were considered as positive .. .l. signi fic:m: 

correlation ( x. ~ = -19.98. P .. value = 0.00) was found between C~1T scores and bacteriological 

groupings (i-lAP. MIP, and :\ I). Out of933 quaner milk sample~ examined. 133 (1 -1.26'70 ) "ere 

C;\1T positive (some quaner milk samples were tested only for SCC and microbial analYSIS. as 

the amount of [he milk was not enough for Ci\lT). The CMT positive cases were associated with 

quarter milk samples that had major pathogens and minor pathogens (81 (60.900"0) and 37 

(27.82%), respectively ). Ho\\ever. 15 (11.28%) CMT positive cases were from non-infected (:\"! I 

quarter milk samples. Analysis of the different leve ls of C:VIT scores in relation [Q the 

bacteriological examinations indicated that the differences were statistically significant. The 

percentages or C:'-IT scores classified by bacteriological groupings are presented in Figure :2. 
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Table 6: frequency and percentage of the bacter ia iso lated from camel masti tis in :'\egelt 
(Borena Region). Dire Dawa. and Gewa ne (Afar Region ) 

Clinical Sub-cl ini ca l Total 
Isolates'" mas titi s mastitis 

I n ('if I 

~vl ajor oathoQens (:'1..l,.p ) 

Staphylococcus aurt:!lS 2 (22.2) 139 12-1.7) J-1-1 (14.6) 
STreptOCOccus af!.alactiae 0.0 15 (2. - ) 15 (2.6 
Str. IIberis 2 (22.1) 3816.8) -w 1-.0 
£l!terococCl/s faecalis 0.0 I 3 (OS) 3 (0.5, 
.\ficrococclIs spp. 0.0 ::.m.5 , 

0.5 .' 
Actlflomyces pyogel1es 0.0 -I m-, .1 ,0.-
Bacillus cerclls I ()I.I) 51 (9.1) 5c (9.1) 
Pasteurella haemolytica 0.0 12 (2 . 1) 12 12.1 ) 
E. coli I (Il.l) 98i17.C) 99() - 31 
Klebsiella pneumoniae 0.0 510.9) 5 (0.9) 
Emerobacrer aerogenes 0.0 5-1 (9.6) 5-1- (9.5) 

Sub-tota l 6 (66.7) ..:12 (75. 1) ":~ 8 (/5.0 1 

:'Imor oatho2:en~ (:' llPl 

:2 (n.:2) 5-1 (9.6) 56 )9.8) 

I 
I 

I S. hyiclls 
I S. epidermidis I (ll.l) 51 (91) 52(9.1) .~ 

5. illfermedius 
5rr. pyogenes 
Str. pnewnonae 
CorynebaCTerium bon's 
Aeromonas hydrophila 
Serratia marcescens 
Proteus mirabilis 
Proteus \,ltlgaris 

Sub-tot a l 

Total 

"': The isolates from an regions 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

3 (33.3) 

9 (100.0) 

n: number of isolates 

,. -, 

5 (0.91 5 (0.9) 
6(1.1) 6 (I.I ) 
2 (0.-1) 2 (0'-+ 1 
8(1.-1) 8(l.4) 

6 ( 1.1 ) 6 ' 1.1) 
3 (0.5) 3 (0.5) 
3 (0.5) 3 (0.5) 
2 (OA) 2 (OA) 

1-10 (2-1.9 ) 1-'3 (25.0) 

562 (100.0) 571000.0) 

(c;'c): percentage of Isolme., 
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'" 60 [J Negative 
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P,v::lit.:e = ~.OO 

Figure 2: The percen tage of C'\IT scores in relation to bacteriological groupin2S 

\\":th regard to ~om.::.tic :e~! ..:Dunb sec. for :he tlna:ys.:" sec .' ~ " ~ 
oif \"alue to clas51f~ qume:- nulk samples a~ posH:,e and negailH~ There \\'2.5 ..:. Slgillfic<t:;! 

associ01rion / = ~S.'::.3 P·\,1!ue = 0.00 bemeen C\IT ;;cores In.:i sec T3bie - . 

For the evaluation of C\IT. the lactation penods \\ere classlfted !Bto t:::-ee ~roups: :-.;-st stage :-

1'::0 dJ.Ys . second stage :.:: 1-~-fO d<:ys . and thud stage (> ~.!O days). A sigmficc1nt agreemen~ Ii 
='::5 J...l. P-\"aJue = 0.001 \\as found bet\\een C'\IT scores and stJ.ges. of bctatlon FIgure 3. Out 

of 933 quaner milk sam?ies examined. most of the C'\lT posltl\"e s.ampies \\ere from :he firs. 

smge of lactation ..L1.36C""(. n :::= 59 folJo\\ ed by the second slage r .59c(- n:= 50 .:.nc! the lb,.:!. 

stage 18.05'1 n == ~.1 . Smlilar findings were recorded for the lactation cJrego:ies of the C\iT 

uace = result:) as .15.66C"c n :::= 1631.19 . ..1 1'( n == lO5). and 2-L92C""c n := 89 for the firs!. 

second. and third stages of lactation. re::.pecti\·el~ Funher analysIs {or each stage of lactation Hi 

relation to C'\IT s::ore~ . .:J. slgmficant differences of C.\lT scores were obsef\ed only fo:- the 

se.::ond and third s[J.ge~ of lactation x: :::: 13 . .10 and 20.- 3. P -value := 0.001 and 0.000. 

respec[j\·e!~ 



Table 7: Distributi on nnd l 'it;) of C;\1T sco res according to somatic cell co unts cut -off level 
2.5 x 10; 1ll !" 1 

Cut-off level 

?:2.5x 105 mr 

< 2.5 \ IO~ mrl 

:\'egalivc 

89 

(33 .3) 

260 

(-1-3.3 ) 

n: number of quaner milk samples 

Cut-off level· "2: 2.5" 105 mr'::: "'ve 

(I.:::: 28.23 

80 

" 60 OJ) 

" -= 40 " '"' '-

" 20 C-

O 

Ci\fT scores 

Trace (~ ) Posilhc 
n 

(%) 

II ~ 66 

(-11.9) (2-1-.7) 

277 63 

(46.2) ( [0.5 ) 

(7(:): percent.Jge of quart~r milk samples 

< 2.5" IO j 
m)"1 =- -ve 

P-value =- 0.00 

1-120 121-240 >240 

Stages of lactation (days) 

df = 4 P-value ::: 0.00) 

To tal 

267 

(100.01 

600 

([ 00.0) 

C'\IT sco res 

o Negative 

iii Trace 

o Positive 

Figure 3: The percentage of Ci\IT scores throughout the lactat ion periods 
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-t.:! . -t. So m at i c C el l Co unt s ( Se e ) 

The somatic cell COLIntS (SeC) \,ere expressed In logarnh1111c scale (log: , I for the pllJ-pOS~ or 

staustical analysis. The medians log sce of C'\ 1T positlYe sampJes were slgnificantl ~ different 

(P-\'alue = 0.00 ) from the medians log sec of C,\1T negati\'e and trace (:::) samples. The results 

are presented in Figure -4. 

Similar procedure was applied for bacteriological resuhs. The differences among the medians 10f 

sec of bacteriological groupings of major pathogens (.\lA P.l. minor pathogens (Yl.IP). and non­

mfected (;\1)) were not significant (Kruskall Wallis = 2.868. P -yalue = 0.238) (Table 8), The 

application of the cut-off leyeJ of 2.5 x 10~ mrl mdicated less agreemem O~~ = 2.29. P-vaJue = 
0.31 9). 

, 

;1 
T - -) 

T , , 
c 1 5 E '" "5 

~1 
---"--

-

, 

The 10gSCC is nOI nOfmaly dislributed lfler tflnsformltion 

(Krusklll Will1iS = 18.50 P-vil lue "" 0 00) 

Fig ure -t : L og SCC fo r eac h C :\ IT s core 
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Tabl e S: Desc r ip th e s tatisti c of log sec' for bacter io log ical gr(Jup i llg~ 

11 .\Jlediall i\ Iean SD SE C I 

!\lA P 351 5.24 5. 2-1. 0.48 0.03 5.21 - 5.18 

~np 266 5.2-1. 5.19 0.03 

:\1 17.1 5.10 5.18 0,48 O.O.! 5 1:; - 5.22 

:-'IAP' m.:ljor p::lIhogens :-'llP' minor pathogens N!. non-infected 

• The JogSCC \\:lS nOI normJI~ distributed JIler lrmsformallOn n number of quaner mil .. samples ~\.:lmtned 

SD st:mdJrd de~lJ.lion SE. stmd::trd error CI conlidence interval 

Kruskall Wallis = 2.868 P-v.:llue = 0.238 

Chi-square (/) test was selected to determine the significant levels bet\\'~en sec cut-off of 2.5 x 

105 mrl and varios facto rs (stage of lactation. parity . and age). The results are summarized in 

Table 9. There was no significant assoc iat ion between different stages of lactation and sec cut­

off of 2.5 x 105 mrl. A significant agreement was found between sec cut-off of 2.5 x lOS mrl 

and pari ty of 3 - 4 and 5 - 6 and age group of -I. - 6 years, To quantify this agreement. logistic 

regression model was used. T he results showed that the parity of 5 - 6 could be a risk factor (OR= 

1.447) for SCC cUi-off of 2.5 x \05 mr' (95% CI = 0.487 - 0.911) (T able 10). While. !he pari!) of 

3 - 4 and age group of -I. - 6 years were significan tly protective factors for see cut-off of 2.5 x 

105 mrl (OR= 0.666 and 0.501: 95% Cl = 1.010 - 2.073 and 0.323 - 0.777. respectively). 

'9 



Table 9: The associat ions between somat ic ce ll cou nts cut -off level 1.5 .\ 10~ ml-l 

and var ious faclOrs 

Factors 

Stage of lactation ( days ) : 

1 - 120 

J::!J - l -W 

\"umber of parity: 

Age (years): 

1 - :2 

3 - ~ 

5 - 6 

>6 

1-3 

4- 6 

7-9 

9 

The results for all regions 

-i- Chi-squlre 

• P,vllue < 0_05 

P-value signiticlnt level 

~ - : P-val\!e < 0.01 

30 

0.01 

1.19 

0.97 

0.15 

6.52 

~.08 

OAO 

9.78 

OA2 

p- yuiue 

0.909 

0.276 

O.3~5 

0.616 

0.011 

0.0-+3 

0.529 

0002 

0.061 

0.519 



Tubl e 10: Logistic regress ion model se lected to demonstrate associations between S CC cut­

off len I 2.5 x 10~ mr1a nd parity of:3 - ~ and 5 - 6 and age group of -l - 6 years 

Fa c tor Coer. SE Z OR 
(95 S"cCl) 

\"umber of par it\": 

3 --+ -0.~07 0.160 -0.546 0.666 
(0.486-0.911 

Constant 0.991 0.132 7.529 

5-6 0.4 27 0.183 ::.014 1.-1-+ -
(\.010-2 .073) 

Constant 0.427 0.163 2.614 

1 r\2:e (vears): 

4-6 -0.691 0.214 -3.084 0.501 
(0.323-0.---

Constant 1.315 0.209 6.287 

Cocr. '= coefiicient SE = st::lnd3rd error of the coeificent Z :CoefJSE 

OR = odd ratio CI = confidence !Olen 31 

~.2.5 Agreement between t es ts ( Kappa s tati stic ) 

Kappa statistic was used to assess the agreements between the different tests (C:'IT. Sec. and 

bacteriological examinations). The points estimates of the lest for bacteriological examinations 

and eMT: bacteriological examinations and sec: and C[\itT and sec were 0.12. 0.04. and 0.15. 

respectively (Table II). Significant associations (P-value = 0.00) between CMT and both 

bacteriological examinations and sec were obtained. but no significant agreement (P-vaillc = 
0.238) between bacteriological examinations and see was recorded. 

31 



Table II: A.greements bet ween diffe rent tests (Kappa statis ti c) 

T es I 

Bacteriological examinations & C:\IT 

Bacteriological examinations & SCC 

OlT & see 

C:-'lT C:lhfornia l'.lastitis Test 

Agreem. = agreement 

a: indicates a slight ~greement 

Cut-off le\'els 

Agreem. Exp. Agreem. 

(%) 

61.l5 

53.91 

67.77 

55.77 

51.98 

61.92 

sec: Somatic Cell Counts 

Exp. = expected 

(%): the pe rcentage 

Kappa 

0.1 ~~ 

0.15.1 

Bacteriological examinations based on: major pathogens (:\IAP) = +ve minor pathogens ( ~lIP) = -VI;! 

C:-'IT based on: I, 2. 3 = +ve Trace (:::) & negati\'e (0) = -ve 

see based on: 2: 2.5 x lOs mr! = +ve < 2.5 x 105 mr ! = -ve 

-, ,-



~.1.6. Ri s k f a c tor s analysi s 

There was no stat istical significance between the occurrence of cJ.mel mastHis. and \-anOL1S ilsk 

factors (tick infestation . te at les ions. conformati on of the udder. prev ious history of mastitis. and 

stage of lactation. parity. and age) (T able I~ L A positive co rrel ation (/ =7 - 7· P-value = 0.00:: 

was only recorded be tween the use of ant i-suckl ing devices and occurrence of camel mastit!s_ 

Logist ic reg ression mode l showed that ant i-suckl ing devices coul d be a ri sk factor for camei 

mastitis (OR= 1.80-: 95S: CI= 1.207-2.698 ). 

Table 12: The association between occurrence of camel mas titis a nd some r isk factors 

f acto rs 

Tick infestation 

Teat lesion 

Conformation of the udder 

Pre\-ioLis history of mastitIS 

Slage of bctJllon Iday<;) 

1 - 120 
121 - 140 

2-10 

i'\umber of panly: 

A ge (years): 

1 -1 

5 - 6 
6 

1-) 
4 - 6 
7 - 9 

>9 

[ 

0.00 

0.26 

~.60 

0_05 

0.09 
0.02 
0.03 

1.16 
0.19 
0.75 
0.01 

0.3 1 
OAI 
0.99 

The resulls for nil regions e"cepl lhe anti-Suckling de\ ices only for :\egele. ! Boren;! Region 

'/ Chi-squ:lre P'\:llue: significanllevel -. P·\alue < 001 

p. value 

1.000 

0.61~ 

0_107 

0_S26 

0.005 

O.~60 

0.880 
0.85::' 

0.182 
0.667 
0.386 
0.905 

0.578 
0.521 
0.3'0 

:I: :lnu · ~ucklin!! del ICes: odds r:lIIO (OR) '" I.S07 95'ic confidcncc mlcn'JI ICn = (I ,:!07·:! 698) 
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-l.2.7. In- \"Itro .i nti-m icrob ial s u s cept i b ility te s t 

Out of 5'1 pathogens isolated from intra-mammary infection of lactating camel. 21 9 isol':Hes 0; 

major and minor pathogens were subjec ted to in~v i tro an ti-microbial susceptibility lest using the 

~Ingle diSC difluslon method. The drugs used we re kanamycin. oxytetracycline. tetracycline. 

penicillin G. gentanllcin. ampicillin . cloramphenicol. strepwmycin . erythromycin. and nalidlxl:= 

aCid. 

Swphylococcus aI/reus isolates were found to be 100% susceptible to k3n:.nnycin. tetrac)cline. 

cloramphenicol. gentamicin, and streptomycin (Table 13). They were also highly susceptible to 

ox ytetracychn (97 J0C). ampicillin (9-l.3%). and penicillin G (9 1A~ct S. hyicus. S. imermedius. 

and .\!iCroCOCCHS spp. Isolat;:::s were very sensillve (100£;'"cj to ox~tetracychne. kanam~cJn. 

te;rac)'Ciine. c\or::l.mphenicol. gentamicin, and streptomycin. S imilar percemage was recorded for 

S. epidemlidis against c\oramphenicol and gentamicin. S. QllrellS. S. epidermidis. S. intermedius. 

and Micrococcus spp. isolates were high resistance ( 100'10) against nalidiXIC acid. 

Oxytetrncycline and tetracycl ine were drugs of choice against 10 isol:Hes of Srrept()c(lCCW 

agalacriae followed by cloramphenicol (900'"0) and penicillin G (SO,!(l. S. uhcris Isolm~<; were 

found sensltl\'e to e.entJmlcin. cloramohenicol. oxytetracycline, and IctracvclIne (9~.9~c. S5."lC;c, - ..' . 

7S.6C;c. and 71...J. Q, reSpeCI1\·ely). 

Gent:lmicin was an effective antibiotic (100%) against CorYllebacleriulll hOI'IS and .4.C[JllOlIlyces 

pyoge/1es. High sensi tivity of the two isolates was also recorded for chloramphenicol (87.5% and 

100Gia respectively). Pasteurella haemolYlica and Bacillus cereus isolates were found senSitive ~o 

gent::l.micin (100%. 90S(;, respectively) and kanamycin (87.5% and 80%, respectively) . 

Enterobacteri::l.ceae were found susceptible to gentamicin, chloramophenicol. kanamycin. and 

oxytetr:lcycline. However. Ellrerohacter aerogenes and Serratia marcesce1iS showed low 

susceptibility to oxytetracycline (30% and 66%, respectively). Erythromycin and penicillin G 

were found 100% resistant against Ellterohacter aerogenes. Klebsiella plleulIlolliae, ::l.nd SerrQ{ia 

marcescel.lS. 
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• Table 13: Anti microb ial suscept ibility test of bacteria isolated from camel mastitis 

Isola tes I ' 0. I " I OT 
tested 30Lt!!' 30u~ 

S. (wrl'/IS _':0 100.0 9-.1 

S. ('pidcrmrdis 35 9"'i.! :1.-1-

S. h\'icu.~ 35 ]00.0 100.0 

S. rn;ermedirlS ; 100.0 100.0 

,\/; .. rococcus Spf! , 100.0 

I 
100.0 

S. c.~a!Gc:;af: 10 10. 100.0 

S. ubcns J-i 50.0 - 8.6 

5 pyogelles 5 ' 0.0 80.0 

S, pneumonia!! , 50.0 100.0 

Emerococcu.s jaecaiis , 100.0 100.0 

Pas: haemo:.\tlCc. , S- .5 I ~.5 

C ;'OI"IJ 
, 50.0 50.0 

A. pyogeues 1 66.7 100.0 

B. cer('W, 10 80.0 80.0 

£. coli 19 100.0 8-t:! 

£lIterobacrer aerogenes 10 80.0 30.0 

Klebsiella pneumoniae 5 80.0 80.0 

Serraria marcescens 3 66.i 66.7 

AaomOl1os h)drophila 5 100.0 lDO.O 

Prott'us mirabilis 3 I DO.O 100.0 

' . the rt!sults in percentage and for all regions 
K:; Kanamycin OT = Oxytetrac}cllne 

T '" TClr3cycline 

PG = Penicillin G 

:\A:: J'\alidixic JCld 

G:--'1 =: Gentlmicin 

AP", -\mpicillin 

L"' units 

C 
JOu,: 

100.0 

100.0 

100.0 

100.0 

100.0 

90.0 

85.7 

80.0 

100.0 

1000 

25.0 

8-.5 

100.0 

100.0 

94.7 

60.0 

100.0 

100.0 

60.0 

100.0 
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T Gl\1 
I 

S 
30Lt!'.: JOlt': lOu!: 

100.0 100.0 100.0 

- , --.' 100.0 85.-

100.0 100.0 100.0 
. 

100.0 100.0 100.0 

100.0 100.0 100.0 

100.0 30.0 10.0 

71":' 9~.9 50.0 

80.0 60.0 20.0 

100.0 100.0 50.0 

100.0 100.0 100.0 

12.5 100.0 -' .:' 

50.0 100.0 50.0 

100.0 100.0 66.7 

70.0 90.0 80.0 

78.9 100.0 ..l7 . .l 

30.0 90.0 .lO.O 

.lO.O 100.0 BO.O 

66.7 66.7 33.3 

10.0 100.0 40.0 

66.7 100.0 100.0 

C =: Cloramphenicol 

S '" SlrepLOm~cin 

E '" Er)lhromycin 

PG 
JOe 

91-

5-1 :;. 

9- I 

80.0 

100.0 

SO. ) 

S-' I 

600 

50.0 

50.0 

0.0 

~5.n 

100.0 

'0 

2J 1 

10.0 

0.0 

00 

0.0 

66.-

.-\ P I E I ;-"' ..\ 

lOu,: .5u<: 30t.;.<: 
I 

9..;.3 6S.6 00 

":'2.9 -:'-;'.1 0.0 

I 9- I ,g6 o · --, 
I I 

80.0 ]00.0 0.0 

I 

I 100.0 

I 
100.0 0.0 

I 5,: • 60. 0." 

I 
1";'.3 42.9 I' . -.' 

60.0 ..;,10 20.0 

50.0 50.0 00 

I 
100.0 50.0 0.0 

0.0 0.0 1:.5 

~50 12.5 0.0 

100.0 I 100.0 

I 
0.0 

20. 50.0 500 

8.!.2 21 I " ' ... _. L 

10.0 0.0 90.0 

20.0 0.0 80.0 

33.3 0.0 0.0 

0.0 0.0 40.0 

66.7 66.7 33.3 



5 . OIS C l: S S I O:" A:"O CO:" C LC S I O:"S 

The results of the questionnaire su rvey revealed that ou t of 20 camel owners In\er\'lewed in 

:-;egele (Borena Region L Dire Da\\'a . and Gewane (Afar Reg io n). 95c,-c of them reponed thai milk 

and meat producuon and source of income were the malO purpose.:. of keepmg camels. Schwanz 

and Dial! \ 199:2) reponed that camels play major roles in the economy and sUf\"Jval ai the 

nomads in the arid and semj-arid zones of the east Africa. Teka (\991) reponed that came! rri!l);: 

is the main food in the pastoral production system of Ethiopia. 

The re<;uhs of this study showed that 95t;"c of the owners confirmed the presence of udder 

mfection In lactating camels. However. 65% and 20% of the owners did not know the treatmenb 

and the causes of udde r infections . respectively. Resuhs of studies conducted in Ethlopia by 

Alma\'. and \ lolla (2000). Salah (2000). and Bekele and \{olla (200! confirmed the presence of 

camel m;:!.stitis in eastern. south western . and north eastern pans of the count:-),. They also 

explained that the nomads are not normally aware of udder mfections compared to OIher disease 

situations that negmi \'e\ Y Impact on the camel produc{IYl!~. Questionnaire response:>. md!cJ.!ec 

that the m:lker~ did not clean the udder nor did they \\J.sh their h~n,:i.::> before milking These 

faclOr~ hay;! been associared With outbreaks 01 mastltls caused by .::r.V!ronmental pathogens 

IR:ldOSli[s ei al .. 2000 ). 

In :\egeJe (Borena Region). only five cases ( 1.1 %) of clinical mastitis were obseryed. This result 

is nOI significantly different from that reported by Almaw and ~"olla (2000, of ~.l S:-C clim::a! 

maslius of the dromedary camels in eastern Ethiop ia. However. this proportion of clinical 

mastitis \vas lower than those reported by Bekele and i-.l olla (2001 ) in Ethiop!;:!.. Barbour e: al. 

( 1985 ) in Saudia Arabia. Obled et al (1996) in Sudan of J : .59c. 15%. and 19.5<,(. respectlvely. 

High prevalence of sub-clinical mastitis 10 (he camel was recorded in Om: Dawa (-+6.2£':"(> 

followed by Gewane (Afar Region) (4 5.4 /fe) and :\"egele (Borena Region ) (37.1C:C}. rnComr~L 

these prevalences obtained m this study were higher than (hose recorded by Almaw :lnd Molla 

(2001) and Bekele and y!olla (2001) of ~2 .05% and 18.95% in eastern Elhiopla and \9.1 'Ie and 

17.8':"c in nonh-eastern Ethiopia based on the C\IT and bacteriological results. respecti\ ely. 
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The bacteriologIcal reSl1!::- .,howed th:.li S. (lurew and coagulase-nefatl\'e SwphylocoCCI 5 

hyicl/s and S. epldt.'rmidis: were the common microorganisms Isobted from sub-cllmcal I1MStlt!S. 

Tht!se mIcroorganisms ha\e been diagnosed as the mum causatl\e ilgents of sub-clml..:::al masmi;:. 

in camels ('-\bdurahman el (II. 1995. Obied el (II .. 1996: Bekele and .\1olla. 2001 t But research 

conducted on bo\'ine mastit is (Rados tits ei (II .. ::! OOO). coagulase-negative StaphylococcI (C;.JS I 

:1re commonl~ i:.olated from normal milk samples. teal canals. Jnd teai skin. In this species, tiley 

are regarded as opponumsts In the causatlon of mastI tIS. SrreplOcoccl/S IIheris. SrreplOcocc/!!. 

af!.alaaiaf'. and CorynebacteriulII bovis were also prevalent pathogens isolated from camel milk 

of su"Q-clin ical mastitis, Similarly. Bekele and ~1 olla CWO I). EI-J akee (1998). Almaw and .'-lolla 

(~OOO\. and Abdurahman ei al. (J99S1 have io;;ohlled these microorgani.;;ms from mao;;[itic c.:J.mels. 

R.:J.uostits er af. (2000) explained that SrreplOcocclIS aga/acriae is a hIghly conw.giClus obligme 

mlcroorgamsm or the bOYlne and a major cause of udder Infectlon. While. Todhunter e! al 

(1995) reponed that the proponion of intra-mammary Infec tions caused by environmental 

Streptococci such as SrrepiOcocClls lIheris has markedly increD.sed. In addition. these authors 

mdicated that this pathogen is the Jeadlllg cause oi both sub-chnical and cllnlc:l1 mast Itis in dllir~ 

catlle worldwide. C. hovis WJS considered as a minor pathogen. It IS mildly pathogeniC and the 

main reservoir IS the infected glands or teat ducts (Radostits eF a/ .. 1000). 

In this stud~, £. coli was Isolated from both sub-clinical J.nd chmcal mastltis. R.JdosUlS C! aI 

(1000) reported that in COntrast to contagious mastitis. environmental maslllis caused b~ coliform 

bacteria for example £. coli, is primarily associated with clinical mastitis. rather than sub-clinic;)J 

masti tis. However. Saud and Thabet (1993) and Bekele and Molla (lOOl) isolated E. coli from 

mastitic camels and regarded as the principle agent for both clinical and sub-clinical mastitis il: 

dromedary camels. The other colifoms isolated in this study were EIlTerobacrer aerogelles and 

Klebsiella pl1eumolliae. The important role of Klebsiella pllell lllolliae in came! mastitis has been 

reponed III Egypt CEI-Jakee. 1998). 

Funher microorganisms isolated from sub-clin ical mastitic milk were Pasreurella haemo/yrlca 

and Bad/hIs centlls. These results are in agreement \\ith those of Bekele and j\1011a (1001) who 

isolated Pastellreffa haemolyrica and Bacilllls spp. from sub-cl inical mastitis in camels in nonh· 

e.:J.stern Ethiopia. However, Radostits er ai. (2000) considered these bacteria as uncommon 

pathogens that cause sporadic and se\'e re mastitis. In addition . they usually affect one anl/TIal in 

the herds. 



Tht> micr0org:lnism:; Isobtcc from clinical case:; In this stud} were Slajll1.dococt"us (JWCU.I 

Slrcpro~~occIiS IIb!'I"is. S. hyiclIs. Bacillus cere!/.~, E. coli. and S. epidenllldlS. Similar !~0Iate5 have 

been reported by different im estigators as lmpOrtani agents of clinical maslili~ In cJmeb 

(Quandd and Qudar, \ 98..l; Ramadan eT at .. 1987: AI~ani and AI~Shareefi. 1997; Alma\\ and 

~lolla. ,000: Bekele and .\lolla. ,00 I). 

Of quarter milk samples examined. 1..l.:!6% of them were positive in [he evlT. Kappa statisllc 

indicated a slight agreement between C.VIT and bacteriological groupings (.'vL-\P. MIP, and :\1). 

However, a significant positive correlation was found between the twO tests. These observations 

are similar to that of Bekele and .\ lalla (200 I) who reported a !)[[ong positive correlatJor. between 

C'\IT scores and bacteriological results in their study on Afar milking camels. Furthen:lOre. 

Younan eT al. l2001) recorded that the CMT can be applied as screemng test for the detection of 

intra~mammary infection with S. alll"ellS and SrreplOcoccliS agalacriae' in the camels in Kenya. Iii 

the current study, the results have also shown that most of the positi\"e cao::es detected by C'\IT 

were :::tSsociated with the major pathogens. This finding has previously been rep(lrted In Sudan by 

Abdurahman ei al (1995). The same author has reported that quarter milk samples Infected Wlln 

major pathogens had higher values for CMT. Sec. and AT? than those quarters In!ected with 

minor pmhogens as well as non-Infected quarters of dromedar~ camels 

Significantly close correlation between C'\IT scores and SCC was observed although the kappa 

statistic indicated a slight agreement between the twO tests. Furthermore. the comparison of log 

sec of the CNIT scores showed that the difference among the medians log see of CMT scores 

was statistically significant. These findings are in agreement with results reported by Radostits ei 

aJ. (2000) for bovine mastitis and by Abdurahman (1996) for camel mastnis. They observed thai 

both sec and CMT were useful in predicting the infection status of the udder. 

Both log sec and sec cut-off level :!.5 x 105 mi'! showed slight agreement when compared 

with bacteriological groupings (:.1AP. :-'1!P. and ~l). l'evertheless the differences \here not 

statlsticaH) significant. This could be due to the fact that E. coli and other coli forms can multIply 

rapidly in infected quarters with low cells (Quinn eT al .. I 99..l). Radostits ef al. (2000) indicated 

that SCC rises during the first 2 days after udder infection and returns to normal over the next to 

days. Recently. Salah (2000) explained that high sec in non~infected quarters could be due to 

the lesions on the teatS and udder skin of the camels. The same author also suggested that high 



sec could be obser\'i:'d e\-en after the elimination of the InkclJon . .\ioreover. In thc pre:.em ~tud~ 

the ouarter milk samp!e~ \\ere frozen at - :W°c. this, mi2.ht h'l\·e affected the sec results_ 

The sec cut-off level 2.5 x 105 I11rl showed low agreements among the three stages of lactation 

(T able 9). Large numbers of cell fragments were observed in camel milk by Abdurahman (1992), 

Similar cell fragments w·ere found in gOat milk but without reaction with the C'\lT (Schalm e! al .. 

19711. Furthermore. Kospakov (1976) reported thaI camels free of infection had a higher sec 
than cow. This ma~ explain the poor agreement between sec cut-off levelS x 10~ mr and the 

different age groups in this study. The result that parity of :. - 6 could be a risk factor is in 

agreement with that of Kospako\ (1976 ). The same :luthor reporteJ thJ.: sec of the c.lme: 

mcreases as lactation progresses and c:1o be compared [0 that described in the cow I Schalm e: at .. 

1971 ). 

Results of the risk faclOrs analysis showed that the use of anti-suckling de \"Ices \\'~s a 

contriburion factor for camel mastitis. It is probable that these devices posltl\"ely enhanced Ihe 

spread of JOtra-mammary infection among camels. Similar!) , In Sudan Abdurahman ei ai. \ 1995 1 

and Obied el of. (1996) explained that the use of anB-suckling dence<; might be r~garded as 

predispOSing factor for camel mastitls. 

The results of tick infestations and tear lesions are in contrast with the observations of Bekele and 

Molla (2001). These researchers suggested that heavy tick infestation and teat lesions might be 

responsible for udder infection and also lead to udder abnormalities and deformities and blind 

teats in Afar milking camels. The disagreement can be altributed to the large number of the 

camels that were observed having tick infestations and a few of them with teat lesions in this 

study. These could have affected the outcome of the final analytical results .. 

The results of in-yiuo nmi-mjcrobial susceptibility test revealed that oxytetrac~cline. tetracycline, 

and cloramphenicol were effective drugs against camel mastitis pathogens with exception of 

Paslew-elfa haemolYlica and ElIlerobacler aerogenes. These findings are In agreement with those 

of Salah (1000). A high level of resistance of mastitis pathogens of camels was recorded against 

nalidixic acid and erythromycin. It was noticed that many types of antibiotics have been used for 

treatment of infectious diseases In camels for long times (Salah, :2000: Younan el 01., 200t ). This 
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ma~ e\plam the inc-reaslI1f of re~istance pat1ern~ of som~ maSIltl5 pathogens 0: cam;:!! ilf'J.lOSi 

some (If the commonly used anti-microbial agents 

In conclusion. the results of the present study revealed that m::lstitis in camel is pre\'aiem In 

i'\egele (Borena Region). Dire Dawa. and Gewane (Afar Region). California Mastitis Test (CMT 

can be applied fo r the detection of the udder infection In camels. The pathogenic bacteria thJ: 

cause mastitis In camels are similar to those of the cows. Cse of anti-sucklIng de\"!ces was 

incnmlnated as a risk factor in spreading of intra-mammary infection in camels. 

Based on the results of the present study the following are recommended: 

• 

• 

• 

• 

The Somatic cell coums (SSe) of the normal and mastitic camel miik requires further 

investigations. 

An anempt should be made to increase awareness of camel owners on the Importance and 

impact of udder infectlon on public health and milk yield. 

In order to control and pre\·ent mastitis in camels. It \\ill be \·alu3ble to a\"oid fisk belars 0:' 

camel masHtis such as use of anti-suckling de\'ices. 

M.onitoring of zoonOtic diseases such as salmonellos is. brucellosis and tuberculosis in the 

c3mel milk herds of Ethiopia is required. 

40 



(,. RErER E ~ C ES 

Ahdurahman. O .. -\ . ( 1996): The detection of subclinical mastitis in the baclrian camel / Camelll.l 

baclrialllls ) by Somatic Ce ll Count and Ca li forn ia yl asti tis Test. Vet. Res. Commun. 20 (1~ . 

9· 14. 

Abdurahman. O. A. ( 1995 ): .'vIilk :"-acetyl-beta-D-glucosaminidase and ~erum albumin as Indicator:. 

ofsubcltnical mastitis in the camel. Zentralbl \ 'eterina rmed . A -11 10.613-6.1':' 

Abdurahman. O. S. H .. Ag2.H .. Abbas . 0 .. and Aswm. G. (1995 )" Rel::nions between udd:::r 

mfection and somatic cell s in (Came/lis dromedariHS I milk. AC1<l \'et. Sc::md. 36 (-J. ), "::?:J-

.t31. 

Abdurahman. O. S. H .. Bornstein. S .. Osman. K. S .. Abd!. A. ~L. Zakmson . G. 1991 ): Prevalence 

of masmis among cameb in Southern Somali:.!.: a pilot study. Camel forum.1 99 1. working 

paper no. 37. 1·9. Somali Acad. Arts and Sciences. )'Iogadishu. 

Afar i' ational Regional State (A:"RS) ( 1998): Agricultural sector status and development 

opportunity , Record o ffice. pp. 5-20. 

AI·Ani . F. K. and :\j·Shareefi . M . R. (1997): Studies on mastitis in lactating one· humped camels 

(Camelus dromedarills ) in lraq. J . Camel Pract. Res. ~ (1 0 ) ~7-+9. 

Alma\\, . G. and Nlo!la . B. (2000): Pre vale nce and etiology of mastitis In camels (Camellls 

dromedarills ) in Eastern Ethiopia. J . Camel Pract. Res. 7 ( 1), 97- 100 . 

. , 



.-\rL!"i~. \1 .-\.. \ lknt-e. C. Compugnw::i. \1 . Hu~sel!i. n. 198-1. inGJgme suli<l dI71L!SIOi'!:": Jell:':: 

mastite de! dromedano (Callleills dromedarills I In Somakl 1 Pre\ ..:. lence of mUS;]!lS m c:..tm=:~ 

(Cameills dromedarills) in Somalia) Bull. Sci. della Fac. Zootec. \' et. .. l, 99·10"':' 

Barbour. E. K .. :\abblt.:\. H ... -\1 :\akil, H. i\l.. and Al-\Iukayel. A A.119S5): \lastltl~ in (Came/Ils 

dromedarills) In Saudi Arabia. Trap. Anim. Hlth. Prod. Ii (3).1 -3·179. 

Bekele. T and \lolla. B 2001 I: \Iaqltl<; in lact~Hing camel" Camelw' dnlllredams II: -\fa:" Ref1of!. 

north·east Ethiopia. Berl . .\tltinch. Tierarztl. Wochenschr Il-t r 5·6 . 169-1 "72. 

Coppock. D. (199-1. 1: The Borena plateau of Southern EthIOpia. Synthesis 0:· pastoral Re-;ea:ch. 

Development and Change (1980·1991 . Addis Ababa. ILCA. pp. 299. 

Dire D::!'\\J Admmistrall\e Council .-\gncultuial Bureau 1995 Land use de\'elopmcn: potentl,,J 

study of the DI:e Dawa .-\dmini<;lratl\'e CounciL 

EI.Jakee. J. (1998): ~hcrobiological smdies on mammary glands of one humped she·camel in Egypt. 

J. Camel PiacL Res. :; (2), 2.l3·246. 

Food and Agricultural Organization (FAD) (199~ ): The role of ruminant livestock m food secunty In 

de\'eloping countries. Committee on \\'oild Food secunty. Se\'enteenth Session. Rome ~3·T 

\Iarch 1992. pp 33. 

Food and A2ricultural Or2anization (FAO) (1997): FAD STAT DATA. Statistical Databases of the - -
Food and Agncultural Organization of the Coned :\ations. Internet. http:\\www.AppsJao. 

orgllim5001.-\gri_db.p 1. 



Hafa .. -\ . .\1.. Fazig. S .A. .. EJ-.-\mrousl. S and Ramadan. R. O. 198- . Studies or. masutIS!~ fanT. 3.:11103!,, 

In .AI-Ha~::i:l:l- AnaJy!Jcal Studies. Assuir. \'e;, .\led. J. 19 3- , . ..!O-I":5 

Kapur. .\1. P., Khamma. B. .\Land Singh. R. P. (1982 ): A peracute case of mastitis in a she-came! 

<l"soc13.ted With }aebsH:lla PIl£:1I111olliae and Escherichia coli. IndSet. J. 59. 650-651 

Karmy. S. A. (1990): Bacteriological studies on mastitiS In small rurrummts and she-camel 10 Lppe~ 

Egypt. J. Egypt Ve t. \led. Assoc. 50 (1).69-70. 

Knoess. K H. (19-' ): The camel as a meat and milk animal. \\'orld .A.mmal Re\'jew 22 . 39-..L.l. 

Kospako\". Z. H. K. (19'7 6): Cell contents of camel's milk In re lauon to s~age of lactation and udde::­

condmon. J. Diary SC~ ·n. 10-13. 

Kohkr-Rollefson. I. 1993 J: Camels and camel pastoralism in Arabia. Biblical Archaeologist. 56 ..,. . 

180-188. 

\loustafa. A. 5 .. Ragab. A. ~1..Safwat. E. E .. El-Sayed. Z. A. , EI-Rahaman.\L. EI-Daraf. :". A. Gand 

Shouman. :VI. 1. (1987): Examination of raw she-camel milk for detection of subclinical 

mastItIs. J. Eg~ pt Vet. \1ed. Assoc. -1 7 ( I -:~ l. 11 -- 128. 

:"ational Committee for Clinical Laborator) Standards (:--JCCLS) (1990): Performance standards for 

Anti-microbial disc susceptibility tests. yd ed. Approved Standard ,\,12-.-\3, -"-1 East 

Lancaster A\·enue. Villanova. PA. 



:\al1ona! Commmee iar ChmcJ.l Laboratory Standards, :\CCLS ) (1997 :. Perform:t!lce standard:- fo:­

anti-microbial dIsc and dilUilon !'L1sceptibiht~ teo.;{, fa!" b:.;cten:.J. I,alated from n:llmds. 

Tentatine Standard. Vol. 17. No. II. pp. 1·25. 

Obled. A. I. \1.. BagJdl. H. O. and \lukhtJ.f . .\1. \ '1. (1996): .'vIastltls In COlllelus drollu:darills and the 

somatic cell count oi earners milk. Res. Vel. SCI. 61 t 11. 55-58. 

Packard. V. S .. Tatini. Jr. S .. Fugua. R .. Heady, J. and Gilman, C. (1992): Direct microscopic 

methods for bacteria or somatic cells. In: Ylarshal. R. (ed). Standardized \lethods far the 

Examination of Dairy products,16th ed. American Publ!c Health Association. \'V·: . 

Washington. D.C. pp. 309-31-1.. 

Peacock. C. and Workneh. A. (1991): The goats as imponant milk producer In Southern EthiopIa. lr 

lAR proceeding of the Fourth \'ational livestock Improvement Conference 13- :5 \'o\" ! 99 ~ 

Addis Ababa. EthIOpIa. :-<UC proc. \'0.-1. 

Quandi!. S. S. and Ouadar. J. (198-1.): Emde bacteriologique de quelques cas de mammltes chez 1<.t 

chamelle (Came/us dromedarills) dans les Emirats Arabes unis. Bacteriological study 0: 

some cases of mastitis the dromedary (Came/lis dromedariLlsl in the Lnited Arab Emirates. 

preliminary repon. Revue de .\lIed. Vet. 135, 705-707. 

Quinn. P. J., Carter, M. E., }'larkey. B., Carter. G. R. (199-1. ): Clinical Veterinary \licrobiology. 1<: 

ed. London: Wolfe publishing. 

Radostits, O .. v1. , Gay. C. c.. Blood. D.C.. Hincheliff. K. W (2000): .\lastitis. In \'eterinar~ 

\ ledicine. A texl-book of the disease of cattle. sheep. pigs, goats. and horses. 9
th 

ed. London. 

Harcourt Publishers. Ltd. pp. 603-700. 



R:ltnad::m. R. 0., Hllssan. A. 1\1 . Abein Bey. R .. Algsn.:l.\Vl. \ ', A .. Abdalla. £.5 . .\1 and Fa:yed .. .:... .. :.... 

(198- ): Chromc obstructive mastitis in the camel. A cltmcop::Hoologlcal study. Cornell \"el. 

77 (2), 132-150. 

Saad. ;\. M. and Thabet. A. E. R. (1993): Bacteriological quality of camel's milk With special 

reference to mastitis. ASSUIL Vet. .\1ed. 1. 18 (56). 194-198. 

Salah. W. (2000): Camel milk bacteriology with special reference to mastitis in Borena lowland 

pastoral area, southwestern Ethiopia, DVM T hesis. Faculty of Veterinary Medicine .. ':"'ddis 

.':"'baba LnJ\·er:-.Jty. Debre Zeit, Ethiopia. 

Schaim. D. W .. Carollo E. J., and Jain.:\. C. (1971): BO\'lne ~lastllls. Lea and Feolger. PhiladelphJa. 

Schwanz. H. J. and Dioli . .\1. (199 ~ ): Introduction: The camel (Cali/ellis dromedarllls III Eastern 

Africa. In Sch\',anz. H. J. and Dioli. tv!. (eds). The one-humped camel In Eastern Africil. A 

pictorial gU ide to diseases. healthcare and management. Verla~ Josef !'.largraf. \\·eikersheim. 

F.R. Germany. pp. 1-9. 

Teka, T. (1991): Int roduction: The dromedary in Eas! African countries: Its vi rtues. present 

conditions and potential for food production. :\'omadic Peoples 29. 3-9. 

Thrusfield. Yl. (1995): Veterinary Epidemiology. 2rld ed. Blackwell Science Ltd. UK. 

Todhunter. D. A .. Smith. K. L.. Hogan. J. S. (1995): Envi ronmental streptococcal intramammary 

infections of the bovine mammary gland. J. Dairy Sci. 78 (I I ), 2366-1374. 

, --, 



\\"ano. G., 19961: \'etennar~ services In the pastoral areas of Ethiopia: Constraint:, and options. TO; 

ImprO\·ement. In Internation:::l.! institute for Environment and De\·e!opment. )'IOA. Addis 

Ababa. pp. 25-30. 

Wi lson. R. T. (1998): The camels. The Tropical Agricultural Series. London and Basingstoke. uK. 

()'Iacmi!lan Education Ltd .. published in co-operation with the CTA. \\" ageningen. the 

:"ethcrlands. 

Younan. :VI.. Ali. Z .. Bornstein. S., and :vtuller, \\" . CWO 1): Application of the Cali forma mastitis res: 

10 intramammar) SireptococCHS agalacriae and Staphylococcus aI/reus IOfectJons of camel-. 

(Camelils dromedarius ) in Kenya. Preventive Veterinary )'ledicine 51 (3-4).307-316. 



Appen dh 1: S<l m p l e Co l l e ct i o n F or m 

Date of sa mple co llection ••. .•... .•.. ••.......... ----.--.-.- . -. Sa mple code ---------- ----- -- -----

o \\'Il er' s n3 nle .- ._-----.---------......•..•. ---.-- -------------------------------.--------- ---- ----- --- .-.- ---- -

A.ddress : -- ----- ---- --.- ------- --- . .• --•• -- ----- --- ------------------------------- -------- --- --- --- ----- . ------- --

Aninml identification: Age----- -- -------- Calving da te···· --· ···· ---- Pa ri t y -- -- - --- -- ------ •• 

• Pr ev iou s Hi s tor) of udd e r p roblem: 

yes------ -- -- -- -- No --------------

• Ph~ s i ca l exa minat ions of the udder: 

Conformation: even ------------------ ---- uneven -------------------

Teat lesion: present ------------------ -- absent ----------------- ----

TIck infesw.[]on. present ---- ----------------- absent ---------------------

Gross milk qualny: 

wJtery-------------- blood [] nged------ --------- c 100slflakes------------- normal-------- ------

• O IT score (0. T. I. 2. 3): 

RR············ RF .......... .. LF .......... ·· LR .................. .. 

• Form of mastiiis: 

Chronic-------- -----·------ Clinical---------------------- Sub-clin ical ------------------------

• Remarks: 



A p p e nd ix 2: G e n e r a l Q u es ti o nn a i r e 

Oa te-····-··-··-···-··-·· ·-··· ··-· ···-···-··-·· Code 1\0. -.. -..........•......• ------------------ -.. -.... -.... -. 

o \v ner ' S 1\ a rne --- ... -.. --- . . . . -- -.-- ... -.----.- .. -----.. -.- ... -... -. . . -.- . ....• ----------- ---------•. •...•. .• -

;\ dd ress •. -- ------ . --.. . -- . .. ..•...••...•..•.•..•.•...•..••.•. --------- . -- . -------- --------. ------ . .•• -•. . --- -•. -

1. Herd Size 

:'-lumber of Species owned 

Sheep--·--------- Goms-·-------- Cattle ------------ Camels------------ Equme-------··-----------

1. purposes of keeping camels 

3. The main constraints for camel rearing 

Feed Shonage---------- Water Sc::J.rcity------------ Diseases--------------·-

-1-. Presence of masmis 

'{ es---·----------- ~ 0-------·-_·_---

5. Cause of camel mastitis 

--_.-_._---------------------_.------------------------_ .. -----------------------------------------------------------

6. Type of treatment of camel mastitis 

7. Application of cauterization for udder problems 

yes--------- ------

8. l)se of anti-suckling devices 

Yes ---- -- ---------
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!\" 0-- - -- - - --- - ---

!\" 0 - --- - --- - --- - ---. 



9. Tick comro! 

.\!anual remO\·al ----------- Cse of Acancides---------- Other-------- ~o control Practicc---------

10. Frequency of milking 

Once------------ Twice --- ------- --

II. Cleamng the udder before milking 

l~. \\·ashing the hands before milk.ing 

Three times----------- Four times------------

") 'es ----------------- ~o--- -------------

")' es----------------- ~ 0----- ----------

:'\ a me of inter vie wer .....••.. -.------------------- .••.•.•..•..•. -- ... --

S igna t u re----- ------- --- -----.-- ... .. .. . ---•.. ----------------- --. -..•..• -



Ap p e ndi x 3 : 

D iagnostic pro ce dur es applied for ba c t e riologi c al i s olati o n 

( Q u i n n e l al.. 1994 ) 

]. Biochemic<ll reactio ns and other characteris tics of Staphylococci a nd .\[icrococci 

Species 

S. al/rellS -r- \"e 

COCCI 

S. 1Il1ermedills - ve 

COCCI 

S. hyiclIs - ve 

COCCI 

S. epidemidis - \"e 

COCCI 

Micrococcus spp. + ve 

COCCI 

~ 

-

-

+ 

+ 

-J 

+ 

-

d 

-

-

, 
C ;; --

- F + - I . ~ 

- F ~ - (=1 

- F - - -

- F (d ) . ~ 

- 0 - - • 

~. --- --;::, 

R 

S 

R 

R 

• 

Gm. Stain: Gram-stain + ve: Positive O·F: Ox!datlon-FermentatlOn 

- : 90'70 or more strains posi tive! 

( ): delayed reaction 

S: Susceptible 

-: 90% or more strains negative d: JJ-89 C7c strains positive 

::: 90% or more strains \\eakly positive 

R: Resistanl (zone of less than 10 mm ) 
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• . not kno\\ n 



2. Biochemical reactions and other characteris ti cs of SlreplOcocci and ElIlerococci 

.:!: ~ , 
'" " ' . - ~ " " 

, , - - -.. , , -, - --. - " .-
z - - " ~ ~ 

Species 
.. .- " ~ < -.. x • :J: 

.. - - .- ~ z '-' - - - z - ~ - - • ~ 
~. 
0 ~ < 

S. agalacliae ~ (Ct.yl (~ 

cocci 

5. dysgalaCiiat (f.l~,Y I 

COCCI 

S. IIberis a (-(- -
COCCI 

\ 5. pyogenes -
COCCI 

S. pnellmoniae , 
COCCI 

I Enterococclls faecalis 

COCCI 

(f. (~.y) -

-: positive -: negative 

(- ): majority of strams positive V: variable reaction 
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3. Ch::! racteriS I ics of CorYllebacterium . Acri Ilomyces . nnd Bacillus 

Species 

Co/:Hlebacremm: bot'is 

Aellllomyecs pyogellt!S 

Bacillus cereus I 
I 

rods 

:0jS 

rods 

- - -

I - - -

I 

, 
.~ 

'-.=:-. -
~ 

0 ""' :.., --
I 
I 

I - -

- -

" I • 

I I 

-0 
~ ': 
~ Z 
- ~ . --

-

• 

..;.- pOSlllVe -: negative • . not known 

-t Characteristics of Gram-negative and oxidase posith'e rods 

.' 

Species 

Aeromonas hydrophi/a + + + \ ' 

rods 

Pas;eurella haemoiyriea v T (-) 

rods 

Pasteurella mil/weida + H 
rods 

I 

Other 

Characteristi cs 

Small. white. dr~ co!onie~. 

glucose -'-\-e. 

Small colonies and haz~ h::l 

mol~sls. 

Forms endospores, cleaf hae 

molysls. large and nat colon 

Othe r 

Characteristics 

Colonies are large, flat .::tnc. 

greyish . indole +\'e. 

~o smell. Indole - \Ie . Pin-pO! 

colonies on :\ lacConkey aga 

Colontes v. Hh sweetish smd 

Indole -I. \'e. 

.,..: positiYe -: negali\e (+): most strai ns posit ive 
(-): most strains negatiye V: strains vary 

-, ,-



3. Biochemical reactions of Enterobacteriaceae 

.-\ cid form , .- -~. --- - , , -~ t -= >-
= 

~. - '" 
% 

~ 
~ , -

."{; ::-. -.. , 
-;:: - -Species --= . - '-- -

-= 
~ -
~ .. -"';: . -

~ 
z ~ 

~ 

Escherichia coli mucoid 
rods (rare! 

- ) (- + - I 

f..'lehsiella pllel/IIIOlliae mucoid 
rods 

EnrerobaCia aerogenes mu;:oid .,. --
,ods 

Ciirobacter dn·ersus round and H d 

rods greYIsh 

Serrana marcescens red pigment ( . ) _.1(_1 __ 

rods at r eC 

Protef/s vulgaris foul odour 
rods 

Prot!:., 1I!/r';'Oi';S foul odour 

rod~ 

_: 90-100'7c strains positive -: O- IOce strams posiu\"e (- J: - 6-89':"", strains positi\·e 
(_): 11 -25 Cic strams pOSIl!\ e d: 26- - 5% strains positive 
[\1\·IC: indole. meth) 1 red . \·oges-proskauer. and citrate 
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