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ABST RACT 

A cross-sectional study wns undertaken to determine the prevalence of camel trypanosomiasis 
and to id..:ntify factors associated with the disease in the southern nlngdands of Ethiopia. 
Multistage sampling was employ..:d as sampling method. Wet blood smeJrs, bulTy com 
technique and antibody ELISA were utilized as diagnostic techniques to delennine the 
prevalence. A herJ health management questionnai re was also used to collect rdevant 
inform::'ltion on factors assOI.: iated with the disease. Furthe rmore, a parallel Slirvey of the 
helminth status was undertaken in dry season to assess a possible associati on with low pev 
readings . 
A total of 31..J. camels in 81 herds and 285 camds in 7-1 herds were sampled during wel and 
dry season, respectively . In rainy season sampJ.es prevaknces of 10.1 % using parasitological 
methods and of 56.5% using antibody ELISA were found wh~r~<ls pnrn.sitological methods 
revealed an in fection rate of2.8 % in dry season. Age, ecological conditions and season were 
found to be likely risk factors for the disease. A cumulative incidence of 0.03 and an 
incidence density of J cases per 10,000 ani mal days points to an extremely low disease 
dynamic during the dry season. T. el'(lnsi was the most common cause of camd 
trypanosomiflsis; T viv£lX was found in two camels. 
Seasonal as wdl as age group differences in rcv values were observed. l\loreover. the 
median rcv value of parasi tologically infected indi viduals was found to be signiJicantly 
lower than that of non-infected ones . However, there was no signillcant difference between 
serologically positive and negative animals. Infected camels which were treated during the 
first visit showed significant improvements in rev at the second visit. It was also obst:rved 
that concurrent infections with TJypallosoma evansi and gastrointestinal hdminths 
signilicantly depressed the pev compared to a single infection. 
Camel helminthiasis was also found 10 be. highly prevalent in the study area and may \!xplni n 
the low pev values obst:rved abo in seronegative cnmels. Furthermore then..: is an imlicalion 
that the EpG counts of parasi tologically infected animals art: higher th;1I1 that of non-inftcted 
camels, however, nat significant at the 5 % level (P = O.OS). 
Data on production variables retrieved through a questionnaire are pres('nled and compared 10 

figures reporte:d c!sc,.\here. No associations were observed between crude mortality. age at 
first calving and calving interval and tbe factors ecological zone, management units. camel 
type, and individual as wel!:lS herd sero logical trypanosomiasis status. 
Trypanosomiasis or locally known as Dlikane was found to be the most important caus\! of 
caml!! death in immature (1 -4 years old) and mature camels (4 years). 
From the results it may be condude:d that the disease is endemic in the area wilh considerable 
effect on camel production. Fllrth~r longitudinal studies to identify the possible vecto rs and 
rese rvoirs of the disease seem meaningful to control the disease to a lower rate:. ECJually 
important is the: establishment of a sound animal health extension system to create the 
awareness of the pasroralists for drug use find application. To address the needs of pastor:dists. 
research has 10 be directed not only to camel trypanosomiasis but also to atha camel diseases 
which appear to have also ;1 conside rabk effect on cnmel production in southt:rn Ethiopia. 

vii 



I N TROD UC T I ON AND OIlJE C TI Y E S 

Ethiopia hlas onl! of the largest camel population in the world. Over one million c<tmds were 

estimated 10 exist in the COU!1lry. The proportion of camels in the Iota I dom~s ti c herbi\orous 
biomass (DII8) is 4% at the national level, and 35% in the semi arid and arid pans of the 

country. Camels are kept in the arid lowlands which cover 50% of the cou ntry nnd 3re the 
hom\:! range of over:1 million p:lsloralists. The major produc t is milk, with an offi cial estimate 
of 174,000 tons per year. followed b) 20,000 tons of meat. Hides, hairs and draught po\\er are 
recognized as potential produc ts but af;! not exp loi ted to any significant ex tent (Schwartz and 
Dio1i, 1992). Camels are also used as beasts of burden. The seasonal mobility of househo lds 
and the socia! posit ion of an individual in a community is determinetl by the numbers of 

camels kept. 

Among many dIseases kno\\Tl to affect camels. trypanosomo::ies is considered thl: most 
important protozoan dise3se and probably the Illost important henlth constraint to camel 

production. An infection rate rJ.ng,ing from :!O-70% and mortality reaching up II,) 3% is 

common in enzoutic area (Wilson, 1988). 

Trypanosomoses generally !3KeS a chronic course and prod uction losses occur due to 
decreased milk production and meat yields in ndults. Chronicall) infected animals Illay 
survive for three to four years. The chronic fo rlll is charactt!rized by anaemi:t emaciation, 

recurrent fever, disappenr:mce of the hump, atrophy of the thigh Illuscks. oedema of the lo",cr 
parts of the body, corneal opacity, diarrhoea, sexual excitement, abort ion and pn.::mature 

births, and the in:tbiEty to feed the suckling young greatly r!!'dlJ(:es tbe reproductiVe p0tential 

of herds (Boid el of, 1986 \. 

Little research was done on camel trypanosomos..:s in Ethiopia. Liter:lIure a\ailabl~ for 
Ethiopia indicates th:n the dise~tse is a problem in this country (Pegram and Scott, 1976; 
Richard, 1979; Zeleke, 198:! ; Melaku, 1985; Wosenc, 1991; Ketema, 1990: Tt?na)e, 1993; 

Theodros, 1(95). 

As it has been stated b) Betete (198-1) the l30rena zone of the southern rangelands of Ethiopia 
is loosing grazing areas through bush encroachment and the Borena pastoralists, who ba\ e 
lost a large number of cattle due to droughts, have started to rdy more on small livestock. 
parlicularly goats, and camds as a more reliable insurance against bad years. As a matter of 
fact the small stock and camel research programme in the Borena area had intended to assess 
the disease St3tU:; during cifferem seasons and to d.::sign so und and r3tioll:l1 diseus..: (.;ontroi 
strategies as one of its main objec ti\es. No information is available as to the further progre:;s 

of the programme. 

I fence considering the growing rdiance on camels and the importanc~ of trypanosomoses in 
the pastoral production systems thi s study was undertaken to determine the prevalence o f 
camel trypanosomoses in Leben, the distric t with tbe highest camel popubtioll in Bo rl.!na L.one 
of Oromia Region. 

The objc:cti\cs of thi s s tudy are \hcrdorc to Jl.!tcflmnc thl.! prt!\~lencl.! of c~unl.!l 

trypanosomo:;es and to idelllify intrinsic and extrinsic L'lctors associated with the dist!<lsc 
occurrence through individual clinical, parasitological and serological examinations and 
through herd level observations on relevant health and production paramders. 



2 LI TE RA TU R E R EV I EW 

2. 1 G e n e ra l d e s c ri p ti on on t h e p a s tor:l li s t al"ca s in E thi o pia 

with cam e l h u sband r y 

2. 1 . 1 Pa s t or ai i st a re as i n E thi opi a 

The pastoral is! areas of Ethiopia are locateJ in the lowlands of the country and cover 48% 
(590,000 sq. km) of the country, partially encircling the central highlands and in most cases 
including an international border. Free cross-border movement of livestock is possible 
depending on the availnbility of grning resources. A wide variety of ethnic groups is 
dependent on rangeland production to SUppOri their livelihood. 13enamir in the north, Alar and 
Issa in the narlh east am.! 1:;1::.1, Somali in the south east, Borena and Gujji in the SQuIb nnd 
Arbore, Geleb, Hamer and Mursi in south west are the majo r pastoralist groups in Ethiopia 

(Solomon, 1993). 

2.1.2 Cli ma te 

In the pastoralist areas of Ethiopia the rainfall patterns is unimodal and bi-modal 

Crable I). 

T'lb l e I ' Ra infall pattern in pastoral areas . . 
Rain fall patt~rn Time period Region Amount tin mill) 

UnimodJl Dec .. Feb. North n.nd 200 - 600 
North East 

Unimodal Juno:: - August Areas bordering 800 - 1200 
Sudan 

Bimodal M3.rch. - :-'·Iay Ogaden 250 
Sep. - Nov. 

Bimodal March - May Borena 700 
Oct. - Nov 

Bimodal March-~tay SOUlh weSt 300 - 600 
Dec. - Feb. (Geleb and Bodi) 

Source. Coppock, 1994. 

2 . 1. 3 Ag r o - eco l ogic:d di v i s i o n of Ethi o pia 

The pastoralisl area covers the arid, semi-arid and subhumid zones. 

Arid zo n e 
The arid zone has 90 gro\\ ing days per year and includes the lowest areas such as Da!lol in 
Afar territory near Djibouti. This zone engulfs areas with the lowest elevation, i.e. 100 mder 
below see level. This zone covers 64% of the lowlands including territories of l3eniamir, Afar 
and Issa in the North <'tnd north east Rnd the Somali region (Coppock , 1994). 

Se m i- ar i d zo n e 
The semi-arid zone has 90-180 growing days per year. This zone stretches to the periphery of 
the highland massif up to 1500m elevation, and in the west up to 1000111. It includes higher 

2 



elevations in the RiC! Valley (Kcrcyo u), the Nuer region of north wt!::;t, the Guji rmd Borena 
territory of the south and tht! western port ion of Ogaden (Coppock, 1994). 

Subhumid zo ne 
The subhumid zone has 180-270 gro\\ ing days per year. This area occurs ne::!r an devatioll of 
1500m (particularly in tht! west) and has a longer growing season than the dri~r zones: due to 
higher annual rainfall (SOO-1300 mm) and lower temper;)tures (Coppock, 1994). 

2 . 1.4 Livestock population 

As reviewed by Coopock (199-l) Ethiopia bad about 29 million cattle, 2-l million sheep and 18 
million goats in 1987-88, and 6.8 million equines in 1979. The highlands harbour 80'% ~f Iht! 
cattle and 7j% of the sheep but onl y 70% of the goats, that translating in 10 44 TLU/km-. The 
lowklnds with about one million camels brings the lowlanrl tot:1.1 to ! I TLU/km

1 
with 49% 

can Ie, 16% goats, 16% equines, 12% camels and 7'% sheep of the total livestock population in 

the lowlands. 

2. 1 .5 Animal discases :lnd anim ~ll hca lth co n s traint s 

As reported by WarlO (1996) Rinderpest, CBPP, Fi\ID, PPR, anthr<lx, blackh:g, haemorri1agic 
septicemia, tlukes and round worms (especially where irrigation agri!.:ldture is practiced), 
copper ddiciencies in the Rift Vntley. and mechanicatly transmitted trypanosomoses 35 well 
as tsetse transmitted trypanosomoses (in Ihe Ban·o and Akobe river areas In the west) are 11 

serious menace to I!vestock development in pastOralist areas. 

Poor knowledge of the pastOral production system, poor access, ease of disease transmission, 
inadequate epidemiological and economical datJ, low veterinary staff morale and work 
efticiency, and, furthermore the absence of a policy to support animal health auxiliaries were 
incriminated as the major handicaps of vet..:rinary services delivc-ry in paslOrallst areas of 

Ethiopia (\Vario, 1996). 

2.1 . 6 Pastoral dcvclopment pr ojcct.s 

Pastoral development activities had focused on three major areas, the Afar area in tht! north 
east, the Borena aretl in the south east and the Somali area in the east and south cast. 
Historically, the first rangeland development prog ramme was initiated in 1965 by the Ministry 
of Agriculture to de\dop a small area of Borena rangelands ncar Yabello. Funds ,\·:ere 
donated by the USA. The Livestock and ~Ieat Board \\hich was established in 1964 had also 
been involved in the provision of veterinary serviccs and facilitated tbe implementatiun of the 
Second Livestock Development Project (SLDP) and the. Third Livestock Devc!opment Projet.:t 
(TLDP). So rar, the projects implemented in the pastoral areas in Ethiopin inclmk furth..:r an 
USA ID project and the South Eastern Rangelands Project (SERP). Tile achicvemcnts, draw­
backs and obstacles encountered during project implementation wer.: thoroughly rcvio..:wed by 
Coppock (1994). The South East Rangelnnd Project (SERP) is still functioning in the Somali 
region of Ethiupia. The Dorena Lowland Development Programme (SLDP) funded b) the 
German Technische Zusammenarbeit (GTZ) had launched its programml.! in 1997. The I3LDP 
is a bilat..:ral projcct bctw..;.cn thc Oromia Bureau of Agriculture and Ihe Government of 
Germany \\ ilh the overall gO:11 of improving the living standard or the pastoral people in tile­
Dorena Zone of Or ami a Region. 
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2.2 Epidemiology of Ca mel Try p :l nOSOIlIO scs 

2.2.1 Globa l s ituation 

Et i o l ogy 
Trypanosomoses 10 Cameills dromedarills is commonly caused by Tlypww.wl1Ia ('wlllsi. 
However, T. brucei, T congol t!nse (Mohamoud and Gray , 1980; Boid ef al., 1986; Wilson, 
\988) and T. viva.\" (Boid ef al., 1986) as causat ive agen ts have been reporll:d. Contrary to a 
report of by Zweygarth el al. (1987) who failed to eSlablisb T,ypmw.wmG silJlia(! III 

experimentally infected camds. T. simiae was reported as the calise of an out brenk Ln 
dromedaries introduced!O the Tsavo National Park in Kenya (Mihok ef af.. 199-t) 

iVlorphol ogy 
Trypw/usulflu el'cmsi is a unicellular flagellated protozoa parasite belonging to the subg<.!nus 
frypallo=oon. Morphologically T. eVClIui is monomorphic and similar 10 the slender form of T. 
brucei with centrally placed nucleus, a small subterminal kinetoplast. a well developed 
undu]::1ting membrane, a long free flagellum and a blunt or truncated posterior end (Hoare. 

1970) 

Vec t o r s 
Due to the fact that T el'ollsi infection is charncterislicnlly found outside the tsetse belt it is 
considered that T el'tlllsi is transmitted mecilanic:lIly by biting flies. Camel trypanosomoses 
has been reponed to be mechanically transmittl:!d by a number of species of haemalOphagous 
flies including Taballlls, Stomoxys and L),p<:!rositl spp. (Goid ef a/ .. 1986) ,.,.hiclt arc present 
around river banks and ,.,.:tlering places in arid zones. Dirie ef al. (1989) had incriminated 
tabanids of Phi/o/kile =ollata and Philoliche magreffi as major vectors of the disease in 

Somalia. 

H os t S 

T. evclIIsi affects a ,\ide range of hosls including horse . dog, buftalo, elephant, pig. and in 
Mauritius also deer. LaboralOry rodems, rabbits, rals and guinea pigs are readily affc:ctl"d. In 
callie and water buffalo the infectiun is subclinical in nature and thus considered to be the 
main reservoirs of infection for equines. Nevertheless, in these speci!!s occasion:!.l outbreaks of 
acute disease with sudden death may occur (Soulsby, 1982). Franke cf al. (199-t) had also 
reported naturally occurring infections in caule, horses, dogs and Capybara in I3rJ.Zil. 

Camel trypanosomoses is reported from almost all areas where cam..:ls an:: kcpt (Boid ell/I. , 

1986). Recent studies using various diagnostic techniques indicate thm the diseasc is widdy 
distributed over the world (Di rie rtf til., 1989; Latif ef o/., 1990; llussein d (II.. 1991: 
Waitumbi and Connor, 1991; Baumann and Zessin, 1992: DiaJl ef aI., 1993; Egnbc Niwiyi 
and Chaudhry, I 99-t; Jacqueit ef al., 1994) 

T. el'{l/1si is pathogenic to most domestic animals but its effcct on differl!llt host specic-s vnrics 
according 10 the virulence of the particular Slack of the parasile. the susceptibility of the host 
and the local epidemiological conditions such as the pn.:sence of carril!r animals and the 
vector. In camels thl! acute form of the disease is charac terized by intermittcnt fi:::\cr. 
subcutaneous edematous swellings, progressive anaemia, uu ll m:ss, ktlJarg), petechial 
haemorrhages of Ihe mucosa and discharges from the eye. In the more cJmmic form which 
may last up to a year, there is a continuati on of anaemia and progressiv!.! emaciation and 
weakness, often accompanied by the development of skin abscesses. 
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Disease outbreaks of m~chanicH!ly transmitted trypanosomoses are associat~d with the 
number of Ilies increasing during and shortly after the rainy season. Occurrence is a lso 
correiatl!d wi th fly abundance. No cyclical de velopment occu rs in the l1y and the 
Irypanosorncs do not survive for more than 1010 15 minuIl.!s outs idt: tile host (Soulsby, 1(82) 

Egabe Niwyi and Chaudhry (1994) reported Ihal climatic seasons had no innucnce on camel 
trypanosomoses based on their slUdy on slaughter camels in Nigeria. However, in Sudan, 
there is a definite correlation between seasonal ou tbreaks o f T eVllIIsi infections and an 
increase in the number of tab an ids during rainy SCJ.son (June to October). However, tht!re is a 
degree of vJ.ri~l.Iion in the prevalence of different species of tabanids during the year. TlIbwlI/s 
f(leniuta is prevalent throughout the year but its numbers vary di rectly with raint"311. Alyiollis 
agreslis and ArylolUs juscipes appenr at the end of the ruiny season where:!s T{lbllllllS 
biglltforus is commonly found throughout the. year. Its numbers increase ..:specinlly ~lf{er the 
rains but are Il!ss numerous th:1.O TabclnlB' I<1(,lliola. Allca/a IlIlipv\' and Phi/otich/! 1I1lIgrefli 

were only seen during th..: rainy season J.nd only in sma!! numbers. Experimental sHldks also 
indicated that ticks cannot be efficient transmitte rs of T. ('wlilsi (Mah::lIl1oud alld Gray. 1980). 

All age groups are susceptible but imm:lIure, stressed and lactating animals are extremely 
vulnerable (Schwartz and Dioli, 1992). Ilowever. tht: infection rate is said to be higher in 
camels aged one to four yenrs (Latifef al.. 1990: Egabe Niwyi and Chaudhry, 1994). 1\ survey 
conducted in t-.l.luritJ.nia using lFAT and blood smears indicates that youllg. calVt's bdow one 
year seem to be free of T r:!VC/Jl\'i, while in lactating camel averag..: infection r<ltes of 7.3% 
(blood smear) and 24°/0 lserologicnl n::sulb) were found (Jacquiet el 1I! . 1994). Di:dl ef (I/. 
(1993) also described a trend ofpreYJ.lence increasing with age. The same authors also staled 
that the diseJ.se appears to be non-existent in calves below one year of age and r!.!<lches peaks 
in camds aged one (0 four )elrs. In experimental trials in small Easl Afric:.m goats 
trypanosome:; \\iere also Jt!monstrated apart from blood smears, in sm.:nrs from extravas~ular 
locations like in synovial. peritoneal and cerebrospinal fluids, and furthermore in lymph Ouid 
through Ihe inoculations of Illice (Ngernav. a ef (I/.. 1993). [n a similar t!xpt'rimenwl study in 
Mauritania J<lcquiet el ai. (1993) showed that only sheep developed the di sease whereas goats 
did not. Further field surveys conducted by these investigators showed that all the blood 
smears and serum samples taken from sheep and gOatS wt!re negmi\'c to pJ.rasitological and 
serological examinations, respectively. However, sheep and goats s.:ra from Sudnn reacted 
positive in the antibody ELISA (Boid el ai,. 191:;1). SlInilarly, Caille (1987) revealed thnt a 
considerable proportion of cattle, sheep and gOats in Sornali:l had reacted in th~ antibody 
ELISA. 

Ec ol og i ca l co n d i t io n s 
As reviewed by Mohamoud and Gmy ( 1980). ecological conditions favouring tht' bret!ding 
and abundance of tabanids (especially with regard to rainfall, moisture retaining clay soil and 
surface.: water pools) also support the devdopment of suitable cHmd browsing conditions 
where Acoccia .relll.!gat shrubs grow in abundance. Thus, thl! rin:rine ecology cn:att!S a 
favourable atmosphere for the multiplication of nics which in turn fa\iour the transmission o f 
camel trypanosomoses. With rt!gard to this Baumann and Zessin (19C)2) reporll!d that the 
prl.!valcnce of camel trypanosomoses in riverine areas Significantly eli ftc red from Ilon·rivcrine 
areas. 
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2 .2.2 The Ethiopia n s it u ation 

T. eWUlsi is said to be the only agent incriminated for camel trypanosomoses in Ethio pia. 
Nevertheless, Zeleke ( 1982) reported mixed infections of T. vivax with T. evansi in the eastern 
paris of Ethiopia. The discas!;! is enccmic in the arid lo wla nds of the country. Table 2 prov ides 

an overview of the studies carried out so fa r in Ethiopia. 

Stomoxys, TabwJ/ls, Hac!lIIalObia and Hippobosca were identified as possible wetors in 
Eastern Ethiop itl (Zeleke, 1982). Hippobosca was also identified in the Bo rena area ( Richnrd, 
1979). No info rm:1tion is avai labh: as to the involvement of other species of domestic animals 

in the epidemiology of camel trypanosomoses. 

Til Ult: 2: Camel trypanoso moses in Ethi opia: prevalence a nd diagnosti c 
met1lOJ s and regi onal distributio n • , 

Noof Diagnostic les t Noor Infection Re~ion Refer.:nces 

camels positives rate (%) 

examined 

10-l N<::gde P..::,;ral11 and 

T hin and thick smears 13 13.5 (Borena) SCali, 1976 

i'olouse inacl!lation 38 36.5 .. 

Serological 

Takata reaction ' " 71 .. 

formal gd Io:st 68 65 .. 

Mercuric ch!orid.: test 55 53 .. 

Th}mol turbidity " " 
.. 

88 Blood smears II 12 .5 8urena Richard, 1979 

1100 Blood Sll1e:l!'~ 237 21.55 Barena Ketema, 1990 

29..f Blood Smears 94 31.97 Borena Tel1aye, 1993 

J91 Blood smears 43 t 1.0 Borena Theodros, 1995 

126 Blood sm.:ars '0 S.8 Eastern Ethiopia Zdcke, 1981 
(Ogadcn) 

317 Blood SllIeJfS 1 0.3 E,lstcrn Ethiopia r-.lcl<lJ..u , 1'l::!S 
(rormer Diredawa 
and Issa and 
Gurgura awraja) 

321 Olood smear~ " 6.5·1 Ea~tern Ethiopia Wosco.:. 19') t . . 
A 1110dJ!ICd mercuric chlondc precipitation usmg the Haury commercial leSI kll (lkmz Haury, 

Chemische Fabrik, i'olOllchen 23, West Germany) 

2 .3 Br i e f rev i ew o n dia g n os t ic m e th o d s 

The diagnosis of a dis~ase is important both in clinical medicine and epiticmioJogiJ.:al 
investigations. The prov isional di agnosis of surra is o flen based on clinical grounds stich as 
emaciation and anaemia. However, the symptoms are not pathognotllon ic for the dist:ase. 
Confirmation is still largely carried out by the relati vely insensitive methods of examining 
wet, thin or thick blood film s. The micro-h3ematocril centrifugation tcchniquc, silicone 
centrifugation technique, mini -a nion exchange chromatography technique, animal inoculatio n 
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as well as serological tests improve the diagnostic efticiency of tradtional diagnostic 
techniques by detecting low level parasi taemia, antibodies and c irculating antigens. 

2.3. 1 C l in i ca l di a g n osis 

The clinical diagnosis of surra . tht: disease c3uSI!d by T (!Wlnsi in susceptihle animals is basl.:d 
on pyrexia, progressive anaemia ;lod loss of condition. Edema, particularly of the lower parts 
of the body, unicarial plaques and petechial haemorrhages of serOlls membranes an: oft..:n 
observed. Howl!\cr, thr.:se symptoms are not sufficient ly pathognomonic ~md the diagnosis has 
to be supported by laboratory methods (OlE. (990) 

2,3.2 DirCl' ! method s 

The usual lidd mdhlllb inval",:;. sampling from blood vessels and tissu.:s since T /.'wlIlsi 

inhabits the deep blood vessels and tissues. The direct methods include wet blood !ilms, thick 
/thin blood smears, Iympb nod~ biopsies, concentrati on methods such as buffy coat dark 
ground microscopy (~turrny e( aI., 1977), baematocrit cen trifugati on techniques (HCT), mini · 
anion exchange chromatography technique as weI! as animal inoculation. 

Wet blood !ilms and thin and thi~k blood smears are relatively insensitive techniques and in 
most instances reveal acute cases. Thin smears particularly permit Illorphoiogic<ll studies and 
the identification of the agent. Lymph node biopsies usually obtained from the pn: s(,;apubr 
and prefemorallymph node may also assist in the diagnosis (DIE, 1990). 

Concemr3.tion methods such as the haematoc ri t centrifugation and mini an ion exchange 
techniques are used to detect low level parasilaemias in the case of mild subclinical or chronic 
infections. Laboratory animal inllculation is employed 10 reveal subclinical parasitcmi:tS in 
domestic animals. The range llf sensitivity values for thin, thick and wet smears, haeillatocrit 
centrifugation techniques (lICT). buffy com dark ground phase contrast technique and animal 
inoculation for diagnosing T congo/e/!se. T. ViVllX and T. brucei is described by Paris (:1 (II. 
(198~). Animal inoculation \I,oas, found to be highly s:.:nsitivc detecting inlections even at 
concentration as low as 1.25 x I O~ to 1,15 x 10J in case of T. br/lcei 

Tevansi and Tbrllcei ha\e a broad infectivity spectrum for small rodents so rats and mice can 
be used. However, this method is not very useful for diagnosis due to the long prepatent 
period in commonly useu laboratory animals and the expenses involved. Nl!vertheless . it is 
said to be extremely sensitive in the diagnosis of camel trypanosomoses (Pegram and SCOI!, 

1976; Godfrey and Kendricl\, 1962). 

The buffy coat dark ground phase contrast technique was found tu be a nhlre senslt!ve 
technique than thick. thin and wet smears and the haematocrit centrifugation technique. In 
addition, idemitication of the tf) panosomo.: species can be made on the basis of beha\ iauml 
patterns obsened in the buffy coat dark ground illuminated pro.:par:!tion. 
T congo/ellse can be recognized by its small size in relmion to the blood cdl diameter. its 
sluggish activity, and its invariable attachmem to red blood cells whereas T viwlX is large and 
strikingly apparent by the speed it traverses the microscopic field. The 
T. brucei group could be recognized by ilS large SIze and marked activity WhICh, unlike r 
Vil.:'t.\:, seems to t;lke place on a limited area \~here the parasite is going in circles (Murrny lit 
al .. 1977). 
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2 .3.3 Indirect meth o d s 

Indirect methods invohe haematological, biochemical and serological tests to demonstrate the 

effects of the parasite on its host rather than directly detecting the parasite itself. 

l-I aemalOlogical examinJtion, especially the rev determination, is often a reliabk indicator of 
a Trypanosuma infection. Ilo\\ever, camels with subc1ini.:ai disease can have parasitaemia 

without any e' idence of anaemiJ (Wilson ef at, 1983). 

Biochemical tests. including the mercuric chloride test, th)mol turbidity test and formol gel 
lest depend on an incre.Jse in serum euglobulins as a result of infection. These tests \\cre used 
in the diagnosis of T evonsi in camets bur are not specific for tr)panosomoses (Pcgr.Jm and 
SCOlt, 1976). Serological tests are used to detect specific humoral antibodies and circulntinb 
antigens. The t':SIS employed include the immunoflourescenr <lnlibody test (I FAT). the 
enzyme linked immunosorbent assay (ELlS . .l,,), {he complement fixation test (eFT), and the 
passive haemaglutin:1tion t~st (Sol.:!. e( aI , 1986). Nevenl~eless, none of these tests based on 
antibody detection could diIYerentiate between past and present infections as antibodies persi 
for up to hundred days or more aEer a chemotherapy has cleared trypanosomes from the 
circulation (Luckins 1977; Luckins er al. 1978; Luckins ef aI., 1979). Olaho ;-" Iubni I!f (II 

(1992) reported high :lntibod)' leve ls up to 90 days in the antibody ELISA afrer the 
elimination of trypanosomes by tr) pilnoo.:idal dmgs. Indirect haemagglutin;uion (111.--\), the: 
card agglutination test leA IT), th~ antibody ELISA and the complement tixation test (eFT 
had been utilized 10 imesti ,p!e camel uypanosomoses (Boid el al .. 1981: Olaho Mukani and 
Wilson, 1983: Wilson el .iI.. 1983, Zweygarth at a1.. 19S~; Zweygarth t!( al . 1986 I 

Greiner el aI (1997) r.:!p0rtd an appOTent increase in sera-pre\ alence with :Igl! and 
incriminated age as a major biological risk factor for bovine TrypwwJolIUl spp antiboby 
detection using ELISA. The <luthers stated that antibody titres wert! not associat.:d \\ith the 
current status of infeo.:ti on anJ suggested a Edxed distribution analysis using C. A. MA~ 
software for selecting CUl- 0IT v:lIues in the absence of a reference popUlation. 

Antigen ELISA is supposed to detect circulating degradation products of !r~ p'.l!losomcs :md to 
difTerenti:ne current from past infections. The technique is currently under i[l\estigution and is 
bdie\ed to have promising perspectives in Ibe diagnosis of surr<!. Nantulya I:'f £/1. (198~ 

showed the potentia! use of the anligen ELISA in the diagnosis of an infection and pmposed 
further evaluation of the tesi for ils wide application. The lest has also been useu to c\illuate 
Ihe success of tr.:atmem (Olallo :-Vlukani el al.. I 99:!). Dial! ,N at (1992) slateJ thai :!ntigen 

ELISA could not Jetect early infections and the antigens detected by Ibe test are structur. 
components of the plasmJ membr:lJle which are not rdeased until trypano!ysis o.;curs. 

2.4 H e a l th and pr oduc ti o n pa r ame ter s of Caml!'illS drOl1led(/riu.\ 

Knuwledge and quaolilication of he: .. dth and production indicators is indispensable to asse;,. 
the present status o f camel production. This can subsequently be used to quantify the bendib 
gained after implementation of project interventions. Thus, parameters v .. ·bich are considered 
in our study are re\ie\\ed. 
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2 , -",.1 P;tcl,cd ce l l vo l um c ( p eV) 

The normal rev rnnge in camel has bt:en given by various invesligulOrs but has no 
consisli:ncy. Ghodsian e/ oJ. (1978) reported PCV values of calves « I year), immature (1-5 
year) and malUre camels (> 5 years) in the range of21-35 {mean: 29), 18·35 (mean: ~8) and 
22-34 (mean: 28), resp~ctively, whereas Abdelgadir el al. (1979) found a mean PCV of 30 
(range 25-34) in adult Sudanese camds. Higgins and Kock (1984) also reponed a PCV range 
of 24-42. An investigation carried oul in Kenya showed significant differences between al::\e 
groups and in seasons. The mean rev of calves was found to bc 22, and of immature <lnd 
adults 27.'2 and 27.7, respectively (Mutagi ef ai .. 1993). Similar age group differences, \\-ere 
also noted in canle and goats (Schalm, 1965). The differences \\ere <.J.Hribuh:d to Ihe 
haemodilution which occurs after birth and the relati\'ely high worm burden usually 

encounlered in younger animals. 

Anaemia in animals can be due to infectious and non infectious causes which includes 
trypanosomes. other haemoparasilcs, helminths, heavy lick and lice infestation, chronic 
diseases and nutritionnl factors (Radostits ef aI, 199-1) . 

Camels infl!cled v. llh trypanosomes show a depression o f the rev (Cgabe and Chaudhry. 
199-1: Jatkar and rurokit, 1971 ). Concurrent infections of TI),/x/llusol/w l!l'llJ/si with 
Hat'l1lOndws /ongisliprts are said to cause a severc depression in camd rcv \~hen compared 
to animals inll!ctcd with gast rointeslim1l hdminlhs or TI)pnnOSomli ('I'(lIIsi nlone (Yagoub. 
1989). Furthermort:, Karram t!f ,d. (1991) had stated that, beside the clinical signs observeu in 
camels inlecleJ \\oith trypanosomes the blood pictme shO\~s a significant drop in 
haemoglobin, packed cdl volume and a normocyt:c hypochromic anaemia. 

Gastrointestin:ti helminths are also likely to calise of drop in the rev value of camds. Panani 
t!f (II (1995) fuund mixed infections of gaslroimestinal nematodes (Hael1lunclllls /ongisfip(!s, 

Trh.·hlfrh, S(rollgyills anJ .V"I/Ict/Vdirll.':i spp) with EpG of 1.400 . 28,000 in 20 male camels in 
India where the blood parameter results showed a drop in thl: total erythrocyt!.! count, 
haemoglobin. PCV, and a to!:li leueoc)'t!.! count of 40.6 %, 37.2 %. 50.3 % and 29.2 %. 
respectively, when compared (0 normal values. Wilson ef (II ( 1982) reported a sl!<!sonal 
variation in EpG countS and an EpG peak of 150-450 in rainy season. However. r ev findings 
werl! not reported. Ibrahim el at (1991) reported that the mean pev values of26.1 of females 
infected \~ith gastrointest inal helminths were less than thl! mean \'alues of their non-infected 
counterparts with 29.5 Botros c{ Clf. (1980) indkaled that camels inlecl\!d with 
gastrointestinal helminths show symptoms of anaemia. 

In Ethiopia the existence of gastrointestinal helminths in camels is well known (Dynes and 
Richard , 197-1: Richard. 1976; ~Ielaku. 1985; Berbanu. 1986). Hov .. ever. their role in causing. 
anaemia and associations \\ith other diseases have not yet bel!ll elucidated. 

2 . .f.l H e rtl (':ompos iti o n an d herd s i z e 

PastOl"alisl !.!:lllld Ih.:rus normally consist of calves. imlllallln..: .tnd matlln.: animals. Th!.! 
composition and size of a herd generally depend on the purpose of camel keeping, on Iht' 
diseases affecting particular age groups, and the offtake and reprod ucti\ c capacity which is a 
function of the age at first calving, Ihe cal\'ing interval and the prolificacy. 
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A study conducted on herd composition by Hjort and Hussein ( 1986) in Somali,1 re vcul l:c..I tbat 
16.5 % were calves, 39.2 % immature, 8.6 % mature males and 35.7 % mature femah:s. As to 
the herd size in the Borena zone, Coppock ( 1994) stated that each Borena encampment bas at 

least one camel with a mean he rd size of thrl!e camel. Assefa and Carra (1991) found an 
average househo ld camel he rd size of 8 in a 10\\ aerial survey, Baumann and Zessin ( 1992) 
reported an averagt: herd sizc ons in Somalia and associations of herd size \\ ilh management 

units and ecological conditions. 

2.4.3 R e prod u c ti o n p:lr;IIllClc r s 

As reviewed by ~ lukasa ( 1981) the age at lirst calving of camels was 5-7 ),e<1rs \\here:ls the 
calvin!.! interval ran(!c:s from 12 to 36 months, \\·ilson ( 1986) reponed a mean age at first - -
calving of j 1.3 months and a mean calving interval of 20.1 months on four ranches in Kenya. 
The values differ ::iigniricantly between dams and herds, and arc intluenc~d by the survival or 
the previous offspring. SC:3son. howc\cr. hOod no marked efI~ct on calving and 11.60,.0 of all 

pregnancies resulted in abortions. 
In Niger cal vings were seasonal with a mean age at first co.lving of .. +.9 ±1.6 years anu a lllt!a!l 

calving interval of 26.3 :!: 10.6 months (Wilson . 1984). SlLld it!s conducted in the E mir~lIes 
revealed a mean age at first cab,ing of 55.3 months, a mean calving interval o f 26.6 months 
and seasonal calving (Abou Ela and Zaeid, 1990). Recent sttldies in Tunisia also showeJ an 
average age at first calving of 5.25 )etlrs (Dejellouli. I 99:! ). and in Somalia a mean ag.e at first 
calving of 7 years and mean cal\ ing interval of 34 months (Bnumann and Zessin. 19(2). The 
laller authors have abo noted seasomll calving in Somali:l. 

2.4.4 :\ ) o rtalit y, birlh rate :l nd offtake 

Mortal ity and birth rates ofa popUlati on determine the trends in camel production in a gi\en 
area. The productive offt3ke indicales the advantages exploited from a resp~cti\e husbandry 
practice. If reliable li gures are :lvailable fo r a sufficient period of time it may give a dear 
indication of the level o r' a production s~ stem and might call lor particular inlt' rventions. 
/I.-Ioreover, these values can be used for monilOring the herd health status ilnd for project 

evalualion. 

A study conducted by Babiker (198-+) indicated that the camel population studieJ in Sudan is 
proliferating rapidly with a birth rate of -1-.5 % and a mort,llity rate of 3 0'0 rer annum. 
Djellouli e( al (1992) had reponed a mortality rate of 17 % in cahes in the fi rst yeJL 

A more comprehensive surv\!y on camel production p<.lrameters anJ their association with 
ecological conditions and management parameters in Somalia was carried uut b) Baumann 
and Zessin ( 1992). Tht: authors reported general fertility, young stock and adult ~Iol;k I.io::mh 
rates of 39.7~o, 19,6%. and 7.3%. respectively. 

With regard to the Ethiopi!1n conditions Mukasa (1931) quoting Cossins (1971) stated a 
mortality rate of 31 %,49°"-0, and 59% in thret: clans of Somali pastoralists around Jijiga in [he 
south li!astern part of Ethiopia. I Ie: 3tiributed the lanli!r two high \ alues to the Iilct Ihat the herds 
were maintained all year round in a tick and predator infested ar~a. 
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3 MATERIALS AN D METHODS 

3. 1 S tully Are a 

3. 1.1 L o catio n 

Leben district is loc~lIed in thl.' Borc=na zone of the Oromia region, southern Ethiopia (see 
Annex 8). The land cover of the ar.:a is 8950 sq. km. For administrative re:lsons Ihl! area is 
divided into 34 peasant associations. The divisions of peasant associations in the dist rict 
change from time to lime, and this study is based on the current division in i\ \arch, 1997. Each 
peasant associ:;nion is again divided into zone:) (Keft:nas) with its own representati\e 
accountable (0 the chairl1l~lEl of the peasant association. 

3 . 1.2 Ethn ic g r o up s 

The Boran. Ars!)i and Gujji are the major dhnic groups in the area. However, small g.roups of 
Gabra, Wam and Somali are found interspersed among the major ones. 

3.1. 3 Huma n p o pulati o n 

111,696 people dwetl in Ihe districl. OUI of this 25,0-46 are urban d\\ellers and [he resl nve in 
the rural are:!.. The population gro\\lh rale is reponed to be 2.23 % and 4.11 % for the rural 
and urban popu!o.ttion. respectively (Central Statistics Office, 1994). 

3 .1.4 Lh cs t oc k p op ula t i o n 

Table 3: Livestock popubtion in t be stud) area 

T) pes of li\'estock Population 
Cattle 433 512 
GOalS 415 464 
Camel 
Sheep 
Donkey 
:-Vlule 
Horses 

Source: Coppock, 1994 

328 080 
153295 
28317 
579 
88 

Cattle dnd goats are the major livestock species in the area followed by camels. sheep and 
donke) s. ~lul~s and horses exist but are few in numbers (Table 3). 

3. 1.5 C limate 

The area has a I~pitat semi-arid clim:lIe. An a\erage rainfall in the area of 
757.1::: 50A mill was recorded in the )cnrs 1981 - 1989. The rainfnll pattern is binwdai with 
about 60% of the rain usually falling in the period from ~[arch to ~ Iay and 40% from the 
middle of September to ~ovember. The <lverage annual temperature is consl<lnt with an 
average daily temperature of 21.6 = 0.1 0c. The annual average maximulll tempcr~tllre is 
between 27.7 ± o.Joe and the average minimum temperature between 15.5:: O.I°C. The 
probability of rainfnll exceeding 60 mOl is 0 in the months of July <lnd August (Coppock, 
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1994). The miny seaso ns in the area are known by the local names Genna and Ilagga)'a wh ic h 
are the long and the short rainy seasons, respectively, whereas the dry se3S0ns are known 
locally as Adoles!iCI and BOfllw. Adulesso is the period from June to August and Bonna extends 

from December to February. 

3. 1. 6 A l t itud e 

The altitude of the distri ct varies from 700 metre around Mdka Gouba where the Dawa river 
is located, up to 1500 metre around Ncgele town (Richard, 1976). During this inve"5ligation an 
alt imeler was used to measure the ekvation of Ihe survey areas, and it was found that the 
elevation varies from 780 metre around Melka Gouba to 1550 met re arounJ Air Madia, 

Miessa Darole peasant association. 

3. 1 .7 C •• m e l hu sb:l llliry 

In camel husbandry the typical seasonal shortage of water and forage kd to the evolution of a 
special management system: the )I 'arm herd and the fun'a herd. Tht! warm herd consists of 
lactating cows and a few bulls where3s thefur/'Cl herd consists of nu n lactating and pregnant 
animals. The form herd is a free-ranging herd covering a large area in search of \vater and 
pasture. The majority of came!:; are kept mainly with a IV{/I"I"{/ herd. According to herdt:r's 
information and my person31 obse rvation, camels move from one place to another to cope 
with ked and water shortage during dry season and to avo id Ilies in wet seasons. Generally, 
four types of movement can be expected:(i) moving the homestead and the herds 10 watering 
wells within the same peasant association, (ii) moving the whole camel herd to relatively high 
land areas where. gret;'ll forage is available, (iii) moving a part of the herd within the same 
peasant association where green forage is available while leaving the recently calved ones 
Jround the homestead, and (iv) keeping the whole herd as a warm herd all year rOllnd. 

3.1.S Wat e r f" cso ur(.cs 

Surface water is a serious problem. Oee.p wells, ephemeral ponds. ptrennial springs, the 
perenninl Dawa and Genak rivers, sensonal streams Hnd shallow temporary wells are sources 
of water for \iYt!slock and peopk. Ot;':;:p wells are Llsed during dry season and ponds in rainy 
seasons. Ponds usually dry out after a few days during dry season. Although wells never dry 
out they entail higb concentrat ions of nnimnls during d ry season (Coppock, 199-t). 

3. 1. 9 C ;llllel di seas e s 

Beside camel trypanosoll1oses, diseases of cnmel were reported by variolls invest igators in 
Ethiopia (Daynes and Richard, \ 97-t; l'- k laku, 1985; Berhanu, 1986; Wosene, 1991). A 
detailed account of camel diseases prest!nt in the study area is also available (Ridlard, 1979). 

3.2 Sa mpli ng de si gn. s trate gies :t n d s amp l e s i ze 

To determine sample size in this cross-sectional study a trypanosoilloses prevalenc\,! mt\,! of 
20% (roughly the uvcragc prevaknce of Borena region a:s presenlo.:d in Table 2) \\<15 t<l\..en inlo 
cons ideration. The sam ple size required is calcubted usin:,; Epi Info 6.04 programme. with an 
estimated prevalence of 20%, a precision level of 5% and a 95% conlidence interval. This 
resulted in a sampl!.! size of 246 wh ich was rounded lip to 250. However, when cluster 
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sampling is lIseu the sample size, by rule of thum b, is to be in fl ated twicc. Th is wou ld have 
resu lted in a sample size of 500 un its to be sampled in each se;.}son, i.e .. two point 
measurements. When considering that the average caml!! herd size per house hold is ~stiJ1la ted 
to be eight (Assefa UIlJ Carra. 1991) then in this cluster sam pling design four snmples i.e., 
individual camels are to be taken from each herd strati fi ed fo r age grou ps. This would lead to 
a IOtal of I ~5 camel herds to be included in each seasonal sample. However, dut.' to logistic 
constraints (in time and mobili ty) the number of came! he rd s had to be reduced to the 
pra!.:tica!ly adli\!vablc number of 80. Subsequently it was possible to sample S I h!.:flb in wet 
season resulting in 324 camel sampks and 74 he rds with 285 camels in dry senson. Thus, the 
cluster snmpling inllntion fnetor became I.J for wet season sampling. From 81 c.:l.mel herds 
investigated in rainy season seven of these herds had moved during dry season [0 other pbces 

in search of feed. 

In tht: end a fuur st;}ge sampling It:dllLique was applied. Peasant associ,lli on:;, zon.:s (KctC"llus), 
herds, and inLii ... idual animals wcre t:lken as primary, secondary, ten iary and quartery 
smri"pling units. 27 peasant associations (PSU) were selected by purposive sampling on thl.! 
basis of act.:essibility whereas 81 ZOnes (SSU) were selected by systcmmic r:lIld01ll sampling 
from a list obtained from the Ct:lltrnl Stmisti..:s Of!icc. Within each zone ant! herd (TSU) was 
selected purposively on the basis of collaboration due to the inavailability of a list of herds. 
The quartery sampling units (QSU). i.e. four individual camels, were taken from each herd 
randomly within the ddined age group: one from those aged below one year « [ year), one 
from those one to four years (!-..J years) .:l.nd two from those above fOllr YL'3rS of age(>4 ycars). 

3 .3 P ;Lr asi{o logica l and ha t: !IIl1r o l tl gic :l1 cx .1Tllin:lti o ll in th e tr ) p :ln os otll oses 
preva l ence s urve y 

3.3. 1 Co ll ec tion of S;llll p ics 

324 and 285 c:llnels were bled from the jugular win at the wet and dry st:flson investigations 
respectively. Five ml of blood Wi!S mkl.!!l from each anima! and put inti) EDTA coated 
vacutainer tubes; anuther liw ml for serum separation \\3.S placed in plain tubes. Blood 
samples in pbin tubes were not collected nt tho;: dry season investigation ns no s~'rologicnl test 
system was available at that time. The blood in the EDTA coated tube was used for the 
parasitological examinntion of trypanosomes by the burry coat technique (I3CT) according to 
the methods described by Murray et al. (1977) in the neld, and for the determination of PCV 
(Woo, 1969). From the othl.!r tube, after clolling of the blood staying overnight, serum was 
s~par<lIed by centrifugation of tile tubes nt 1500 g fo r 10 minutes. Serum was th::n stored at-
10°C until sc reened for antibody ELISA. Whenever the neT was found positive thin blood 
smears were prepared for species identification. For each sampled animal sex, age, 
physiological status, condition and clinicnl symptoms observed as well ns the owner's opinion 
on trypunosomoses were recorded. 

Furlln:r investigations wen:: made to determine the g~lslrointestinal parasite infection staWs in 
the dry season and its possible association with low rcv n.:adings in parasitologi!':"lly ncgatiVl.: 
camels withoul delectabk levels of antibodies in wet season. Thus, in dry season 2S5 faecal 
samp\t;s were collected. 

IJ 



3.3.2 Diagno s tic Met holl s 

Wet b loo ll film ex aminati o n (WIlf) in th e field 
A small drop of blood from each animal was placed onto a cle:an glass slide and covered with 
a cover slip to spread the blood monolayer of the cells. Tht! slides wer!! then examined under 

light microscopy (250 x) for any motile trypanosomes. 

T hi n blood s tained s m ears (TSS) 
Thin blood smears were prepared from those animals found positive in the WBF and / or 
buffy coat technique. The smears were then fixed with methanol and stained with 10 % 
Giemsa. Blood smears were examined under a microscope and specie:s identification was donI! 

according to Hoare (1970). 

Huffy coat t ec hniqu e in th e fie ld 
A micro haemntocrit tube: containing 70 pi of blood was centrifuged for 5 minutes llsing the 
Hawksley micro-haematocrit centrifuge. The pev was read and the buffy com examination 
was done as described by Murray ef af. (1977). The capillary tube is cut with a diamond 
poimed pen I mm bdow the buffy coat to include the upper most layer of RaC and 3 em to 
include tht' plasma. Tht'n the contents of the capillary tube wert' expressed onto a slide, mixed 
and covered with J cover slip (22 x 22 mm) and examind using dark ground phase contrast 

microscope (250x). 

A case in this context is defined as an animal with parasitological positive diagnosis of 
T. evansi and for T. viva\' using the buffy coat technique (Murray ef aI., 1977). 

Indirect antibody E LI SA 
A. Buffers, reagents and consLllllables 

I. Coating buffers used 

I Carbonate buffer, 0.05m, pH 9.6 

Na2COJ -------1.12g 
Na ~ HCO] -------2.94 g 
in 1000 ml distilled water 

1.2 Phosphate buffered saline with Tween-20 (PBS-T) for washing, pll 7.2 

KH2 PO~ 
Na, HPO,. 12 H,O) 
NaCI 

---------------0.2 g 
---------------2.94g 
---- -----------8.0 g 

Kcl ---------------0.2 g 
in 1000 ml distilled water 
then Tween 20 (0.5 ml) is added. 

J. Conjugate rabbit <Inti-came! 19G (H+L)-PO, with a \vorking dilution 1 :600, was supplied by 
Or. Clausen according to Clausen (19:-)6) 

4. Sample and conjugate buffer: PBS-T pIllS 1% skimmed milk powder (Marvel, 99% fat 
free). 
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5. Substr<lte indicator system 
40 mg of Al3TS (2.2·Azi no-d i(J-c thyl-benzlh iazo linsulfonate) is dissolved in 1001111 citric 
phosphatt! buffer and sto red at 4DC in the dark. Just before use, 100 ~tl of \:40 hydrogen 
peroxidt! \· .... a5 added to 10 1111 of ABTS. Citric acid pbosphat\! buffer was prepared by 
mixing equal amoun ts of 4.2 g citric acid monohydrate in 200 ml of di st il! ed w:ltcr with 

NU2 HPO-l 12 1\10 in 200 ml distilled wa ter. 

6. Positive control: <I pool of serum s~mpks from 13 expl;rimenwlly inll:Gtcd c<lmeis (('(lIIIe/IiS 

dromedtlrills) with T eVa/lsi (Clausen, ! 986). 

7. Negative cont ro l: :l pool of serum samples from camels of the Zoological Garden, Berlin. 

8. ELISA plates: plates with high binding capacity (G reiner Article Nr. 655061) 

9. Antigen: Iyophlized T evansi (Thailand, 26.4 mglml) (C lausen, 1986) is reconst illlled with 
0.5 ml coaling buffer and centrifuged at \0000 g for 4 minutes. The supernatant is fu rther 
diluted with coating buffer to a \\orking dilution of I : 1 00. 

B. Test Procedure 

I. The co lumns 2, 4. 6, 8, 10 <lnd 12 arc charged with 50 pI o f antigen in working diluti on 
(I: 1 00) whereas columns I, 3, 5, 7, 9 and 11 are filled with the same amount of carbonate 
buffer. The plate is then incubated at 37°C for I hour and then owr night at 4°C. The 
coated plates were washed under wp W.lter followed by 3 wash cycles with PBS-T with a 

soaking times of 3 min./cyck. 

2. OillHion of serum sampks 
The camel serum s: . .lI11ples from a reservo ir pbtt! are diluted to :l dilution of 11100 as 
follows: two dilution plates were used for each re servoir platt!. All cups of the tirst and 

second dilution pbte ..... ere filled with 180 pi of PEST-Mr. Then "20 ~tl or se rum from the 
reservoir plate is transferred to the first dilution plate resulting in a dilution of 1110. 
Thereafter 20 ~Li of 1110 serum is transferred to dilution pbte two (11100) 

3. All cups of an ELISA test plate are filled with 25 pi of PBST· MP. Thl!ll test samples and 
control sew prediluted to 1:100 in sample and conjugate buffer .lre ;ldded parallel to cups 
with and without <In antigen (linal dilution I :200). The plates are then incubated for 30 
minutes in a moist ch.ullber. After incubat ion, the plates are washed with tap \\,llcr 

follo\\ed by three wash cycles \\ith PBST. 

4.50 pi Rabbit anti-camel IgG-PO properly diluted to 1:600 in sample and conjugate buffer is 
added to al\ \\dls. The plme is then incubated and subsequently washed.ls above. 

5. Fina!ly 50 ~d o f substrate is added to all wells. 

6. The 00 results Me read after 10 and::W minutes photometrically with a phOlOmL'lL'f lIsing a 
405 om Elter and presented by column subtraction (column 2 mlllus 
column I). 
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C. Te:it interpretation 

The 00 values of serum samplt!s are expressed as pt:rcentage of the positive control serum 

pool using the following formula: 

00 \"alue of sampk (expressed as % of positive control) = Test sample extinction 00-
negative control extinction OO,by positive control extinction OD-negative control extinction 

OD' 100. 

Cut-off: An arbilrary 00 value of above or equal 10 20 % (expressed as pe rcentage ofpos ilive 
conlrol) was considered lest positive. The 20 minute 0 0 readings were used throughout in the 

subsequent analysis. 

Fac(;al egg (;ou nl 
Floatation technique using saturated sail solution (NaCt) was employed to dt!termint! the eggs 
per gram (EpG) of faeces (}'linistry of Agriculture, Fisheries and Food. 1986). \\hereas 
differentiation of eggs \\as made as described by Soulshy (1982). 

3.4 H crJ t c\' cl in\ cst igations 

.-\ herd health and mantlgement questionnaire to retrieve information on herd structur\!, herd 
composition, production s)stem, mOfmlity, reproduction and funht:r production variables was 
administered to the herd owners of (he study herds (see Annex 1,1, J, 4). 

The calculation of production and reproduction variables was based on the paslOralists 
seasonal calendar where the year Sl:ans in genna, the month of March. Thus, one year is the 
period from one genna to rhe other. Data necessary for annual epidemiological rales 
calculation are compiled by considering events which had occurred from the previous genna 
to the current genna. 

Table 4: Seasonal Calendar of Leben 

Season 
Genna 
Adolessa 
Haggaya 
Bmma 

Period 
March-'\lay 
June-August 
September-~ovember 

December-February 

Genna and f/agga)a arc the long and short small rainy seasons, respectively, \\hereas BOil/ill 
and Adolessa are dry seasons in the study area (Table 4). 

Breeding female hi s tory 
74 came! herd owners \\ere asked abou t the breeding history of each breeding fel1lrde in the 
herd. Seven of the imesti!!aled herds \\iere excluded due to the inability of the owners to recall - . 
t:.venls" Thus, data on the breeding hislOry of 384 camels were collected on the breeding 
female history record form (see Annex 3). For each breeding female in a herd sampled, the 
herd owner was asked about the age, type/breed of the camet, \\hether that panicular camel 
was bought or born at his hand. the season the camel was bought or born, and, if bought. how 
long it has been in the he rd. 
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Then the total number of births the cume! cow gave so f:.lr and thl! number o f abortions wat! 
recorded in the first place. After s tarting from the year oflhe interview the year the orfsprings 
were born or an abortion occurred (fro m the last event to the first ), season, sex and status o f 
the offspring birth, i.e. dead or alive, and tbe current status in the herd \vere recorded. If the 
given offspring was withdrawn from a herd o r ifit died the age the event has occllfn::d as well 

as the local name of the disease or the symptoms were recorded . 

From these data calving illlervals and age at firs t cal ving were calculated using the 
methodology of the International LivcslOck Center for Africa (ILCA) (Bourzat ell al., \988). 

3.5 D efi nit ion o f r ates a nd th e t er minolo gy u sc d I II th is stu d y 

3 . 5. 1 Rate s 

An nual mortality rate (o n herd basi.s) = deaths from all causes in a dennet! vear 
average numbers of camels 

The average number of camels was calculated by adding the camel number one year ago 10 

the current number and then again dividing it by two. Camel herd size one year ago was 
calculated by consiJering camels introduced into the herd and camels taken out orlhe herd as 
questioned from the owner. Camd numbers taken out were calcul:Hed 3dding all de:1ths due to 
diseases, all camels s0ld, slaught..:red, 10S1, eaten by predators, died due to accident, and given 
away as a gift. Camels introduced into the herd include all new born calves still within the 
herd, introduced as :1 gift, and purchased c~lmels. Camels born and died during the year were 
not included when calculating the camels which went into a herd. 

All production and management rates :lre calculated on a herd basis: 

Offlake rate = ull o!limals wilhelm\\!) (taken QuI) from the herds in a "dined Vt;;lT 

average number of camels 

Withdrawn camels = slaughlered + given a\vay as gift + sold + lost.,.. eaten by predator 
-i- died due to accident. 

Productive offtake includes all camels withdrawn from a herd from which a particular value 
was exploited in relation to the average number of camels during that particular YC<lf. The 
numerator includes all camels slaughtered, given away as gift and sold. 

Product ive o ffta kt., = [Iii camels withdrawn and ,allies ~eoerated in a defined ve\lr 
awrage number of camels during the year 

all camels withdrawn from the herd from which 
NOli produ eth e offtake = DO vallie was exploited jn a ds:;fined period 

averagt: no. of camels during the year 

The numerator was cakulat..:d by add ing all camels lost, eaten by pn:d,ltl)f, death due to 
accidents and all deaths due to diseases. 
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Sl:iughtcr ratc = nil camel:; slal!'jhlered in il deGned vear 
average number of camels during the year 

Prcua to r r;lte = all camds eaten bv predators in a de fined vear 
average number of camels during the year 

M:lrkcting r:lt e = all camels sold (above nne vear ofa~e) in a defined vear 
average number of camels during the year 

Acchlent rate = all camels los! bv accjde!US in a defined year 
average number o f camels during the year 

'Cift4out' r;J.[c = \III camels ~ive!l awaY [;$ a ~ ift in a defined verJ[ 
average !lumba of camds during Ihe year 

'Cifl-in' rate = "II camels received as a gift in a det1ns:d Ve~[ 
average number of camels during the year 

The following rates are calculated on individual animal basis: 

Proportionalmort:diry rate = number of deaths frnm a specj fie djsease or svndrome 
total deaths from dis.:ases 

Agc specific proportional mOrl:liil)' rale = deaths from a specific diseose/syndrome 
in n particular age \:[QUP 

al! deaths du;!' to dise3se in the particular age group 

C Ulllulative inciuence ( risk r:lte) = number of new cases jn the dry ::oenso[] 
u\"~rage number of camels at risk during the study period. 

The ave raoe number of camels was ca!cul::l.Ied bv considerinu h.:df of the co.mels Withdrawn in . . -
the study period and then subtracting those from the number present at the beginning of the 

study period. 

The study period includes the period from the last qU:l rter of wet season to the end of dry 

season, 1997. 

Incidence dt!lIs iry(lrnc ralc) = number o f new cases occurring during the dry season 
SllrVCV 

animal days at risk 

Animal days at fi ::ik were calcula1ed by multiplying the average number of anirndb bY' 
avernge number of days each animal was at risk. The average number o r animals \' 
calculated by conSidering all camels, withdrawn from a herd in the study period, were at risk 
at least for half of the period. Thus, half the number withdrawn was subtracted from [he 

number at the beginning of the study period. The average num ber of days al risk \' 
calculated by u\erag ing the number of tlnys between the Ilfsl and second ViSit in the hcrllS 

investigated. 
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3.5.2 Definition o f t e rm s 

Ahrul 
is a group of camels owned by an individual or a group of people and haded communally or 

privately and is subjected to the same sort of management. 

A ri veri ne herd 
is a herd which is kept and he rded in riverine arcas. 

A ooo-rjverjos; herd 
is a herd which is kept and herded away from riverine areas. 

A hOllsehold herd 
is 3 herd owned by a family with one wife and respective children 

A polvl:amolls herd 
is a herd owned by a polygamous !:1mily with more than one wife and respective: children. 

An extended family herd 
is a herd owned by close relatives and consists of more than one household and their families. 

A positive herd: 
is a herd with aI least one test positive camel or at least one case diagnosed in the 

parasitological iovestigation~. 

A nkl:ati ve herd 
is a herd with no lest positi ve camel or without n parasilologically detccted CJse. 

3.6 Data analyses 

Raw data for parasitological and serological examinations and data obtained by means of the 
herd management questionnaire were entered in 10 MS Excel spread shet:ls programme 
(Microsofl Corp.) 10 create a data base. Statgraphics Plus 2.! (Manugistics. Inc., Rockville, 
Ma., USA), Win Episcope (I3las el aI., 1996) and Epi info ( Dean el al.. 199..J.) we re used in 

the sta\istic~l analysi s. 

For sample sizes up \0 100 the 95 % confidence intervals for tht: trypanosomoses prevalence 
results were oblaincd using Exaci confidence interval (Doc umeolu Geigy, 1(60) whereas for 
~ample sizes nbove one hundred Ihe approximate confidence interval formula dl.!scribed by 
Martin el ai., (1987) was used. 

95% confidence interval = prevalence ± 1.96 '" pC l-p) "'0.5 
n 

p = pn;valencc nile, I-p = I - prevalence rate and n = number of samples 

Descriptive statistics on pamsitological and serological results and productiun parameters 
were obtained using the Excel programme whereas Statgraphics was utilized for graphically 
displaying Ihe di~lr i blltion of rcv and EpG valul.!s using Box-and-Whisker Plo\s. III a Box-
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and-Whisker Plot the mitklk horizontal line d iv iding the box represents the m~dian of a 
parameter value, and the notches represent tile 95 % confidence in tervals around the median. 
The whiskers r;!prCscllt the largest and thl! smallest values: within 1.5 interquartile ranges from 
the third and first quartile. Tile points lying beyond are called outliers. The upper and lo\ ... er 
edges of the box repn!sent the third and tht! first quartil e values respectively and The verti.:al 
width of the box is di rectly proportional to the square root of the stunple size. The mean is 

noted as T. 

In the Epi Info programme the chi-square test was applied to determine possible associ ,n ion of 
trypanoso moses \\it h intrinsic am.! extrinsic facI0rs such as age, sex . physiological st:llllS and 
ecological conditions. Odds ratio calculo.tions in Win Episcope we n: used to quantify the 
strength of an associ::Hion. Furthermore the Mantel -Haenze! technique in Win Episcopt: was 
used to corrcoCl for the confounding effects of age and sex. 

The Mann-Whitney and "':'ru~ka!-WJllis t~st procedures were employed to s~e diiTerences in 
the median rev and EpG values for different facto rs. The pnired I-lest was llsed 10 test 
seasonnl differences as \~ell as differences of rev infected camels before and after trc.:l.1ment 
as these dala appeared to be normally distributed. Moreover the 
Mann- \Vhilney and K.ruskal -Wallis tests were used to see differences in herd size and crude 
mortality rates for factors designmed as: ecological zones. herd se~ological trypanosomoses, 
herders experiencc:, and management unils. A>JOVA and t-Iest \\ere used to determine 
dirferences in age at first calving and cah ing intervals for factors such as cameltypt:sibrced, 
ecological zones, bed and individual tr),panosomoses stalUS. To carry Ollt these tests 

Statigraphics software ' ... .15 used. 

4 RESULT S 

-1. 1 De s cripti on of demographic p r oduc t io n c ha raCIC ri s (i cs 

The ethnic groups !nvesligated in this study include Gujji (33.3%), Ba ran (28.~I)'''L Arssi 
(14.8%), MerianJ (9.9%), Gabra (3.7%), Dugodie (3.7%), Gurra (2.5~G) and lIawiaa (l.:!%). 

Bush encroached land \\ilh some plots of cultivated land and savanna land are the major 
features of the district. Among {he 81 c<lmel h(';d owners investigaled 74 (9 1.4 ~I) had an 
average of 0.49 hectares (range 0.3-3.6) of cLlltivated land. The res\. 9 (8 .6°'1)) are pure 
li vestock keepers. Th~ c<tmel hcrJ 0\\ner5 in {he S:lVanna area do also cultivat<.: lanu in other 
peasant associmions. Farming activity in this area is Llnreliable due to erratic rainfall. 

The experience in camel keeping in general varies from t\\ O ye3rs to lifdime. The I3nran anu 

Gujjis \\\!ft! prim:!l'il) caul!.! brcl'ucrs : hO~~l.!ver, uu !.! to r.:curren t drollght (';onuitiollS tho.!) had 
started camel keeping wry rec(:Jl1ly. Their expericnc<.: \'aries from two to t\\ t:nty-l\\o )ear~. 
The other ethnic groups investigated ha\c lifetime experience. Among the 81 t'ame! keepers 
investigated 53 (65,4%) h:l',.e ret'ently acquired camel keeping. Responses given by cnm!.!1 
herds men \\ho recently acquired cilmel keeping revealed bush encroachment, higher milk 
prodUl.:tion, and u be tier ability to smvi \c droughts as the basic reasons fur starling camd 
production. 
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Beside camels, caule. goats, shee p, donkey and mules art! kept by the hcrdsmen investigated. 
Camels are mainly kept for milk production followed by transportation, sale of live animals, 
meat and security (see Annex 6). Except the Keriou Berei and Ouditu all cbns in Oorena 

consume camel meal. 

Hodkii, Ce/eba and £ldimma (a cross betwcen the twO types) camel types an: kept by the 
pasloralists. 13ased on the desc ription of the pastoralists, the Hodki ty pe crunel is a largl! camel 
praised for its high milk as well as for mcat production, whereas Cdeha camt:ls are stullt and 
are said to be lirought resistant. The. Eldimma Iype lies in betwcen with its production 
performance. 

lVarra,jorra and warm andji)rru type of management is prac ticed in 95% .1.2<}/1) anli 3.7% of 
the camel hl!rds investigated. Camels are owned by indiv idual households. polygamous family 
extended familil::s. 

Camels do not norm311y drinf.. \Valer during the wet seasons. The sources of water for camels 
in the herds in vestigated include wells, rivers (the perennial Dawn and Gcnale river). and 
wells and rivers and aro;: used by 69 (85.2%), 3 (3.7%) ;:)nd 9 (1 1.1%) oftbe herds inv~!>tigated. 
Girls and boys are usually involved in camd herding and, whenever neceSS:ir) assish:li by the 
older age groups. 

Animal health service in the areJ. is rendaed through the district clinic and in nine animal 
health posts in villages. Para vets trained by forma SORDU and very recently by Safe the 
Children-America are also involved. Vaccination and general animal health care are major 
components oflhe government animal he:.'\lth services in the aren. Annual vaccin.:lIion is given 
for contagious bovine pleuropneumonia and, whenever th~re is an outbreak, ring vaccination 
is undertaken for onthrax, blackleg and pasturellosis. Drugs, vehicles and budget are the major 
constraints for running a proper animal health service in the district. 

Questionnaires dire.:ted to 81 c,lmel herd O\\oners indicated Dllkw1I.' (Camd trypannsomoscs ) 
as the mosl important camel production constraint (set: Annex 7). Though the district animal 
health office and animnl health posts an.! involved in rendering animal health s!.:rvices, 
paravets, and largely the herdsmen themselves are treating sick animals with trypanocidal 
drugs, antibiotics, acaricides, anthdminthics and indigenolls herbs. Among them Berenil, 
penicillin and tetracydine capsules are particularly worth mentioning. 

Cymeiarsan, ilerenil and Novidium are lIsed for the treatment of camel Irypanosomos~s. 
13erenil, the most commonly used drug, is mostly available in local shops in Negelc. 
Nevertheless, lJerenil is toxic at the:. recommended dosage 01"7 mg/kg in camels. C)metarsan 
is, however, obtnined so:dy from the district clinic or animal health posts. Treatments with 
trypanocidal drugs are usually administered by the owner himself. The effectiveness of 
Oerenil is ranked good in 52%, Illir in 15.3% and poor in 11.1%, Cymelarsan is ranked g,oou 
in 67% and fair in 33% of the households interviewl"d. 
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Table 5: Local names of biting flics, its seasonali ty a nd ecological preference 
as judged by 8 I camel herdsmen in Lebe n distric t , Borena zone 

Oromia Region, Ethiopia, 1997 . 

Fly namt! (local) 
Bombissal£!wellkie 

Facila/J/rtll!nu/ 
Kobharlif! 
lVerellal Ballag 

Soromlissa 

Seasonality 
end of dry season to firs t 
week of wet season 
(\'. larch-April ) 

all ye3f rounJ 
during wet st!ason (Gellfla) 
j\ I3rch -April) 
last weeks of Genllato first 
weeks of Adol.:ssa 
during wet season 
(f/aggaya) (September to 
November) 
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Ecological prefercncl! 
everywhere when Accacia tree 
blossom 
watering wells, riverine areas 

riverine areas and wells 
every\\herl;! except denuded land 

woody vegetation arounJ wells 

woouy vegetation 



4 . 2 P ::t r::t s i( o l o ~ic::tl :lnd s er o l o gic:l 1 results 

4 . 2.1 Pre v al e nc e 
f:lct o rs 

o f camel trypanosoma infection and r i s k 

T:lble 6: Results of pa !" asitoiogicai anc serological findings for season, sex and 
age in 81 camel he rd:i in Leben dist rict, Borena zone, Oromia Region, 
Ethi o pia, 1997 . 
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Table 7: A break down of parasitological and serological findings for physiological 
conditions .and ecological zones in 81 herds in Leben district, Borena zone, Oromia 

Region, Ethiopia, ! 997. 

, .. 
1. 

, 

c 

- --- "'0 ""'" ... "" ~ "' .... .,. ..-. C' .... 
r',,,"C" ,o 

0 , 0 
!:!.~~:e :::. 

. . ~ .. ... ..,. .... "" .. 
r' "" "" ..,. ... .". "' 00 .... 

'" r' ''' r • ..,. '" "" ,.. 

§ 
c 

'" .r .... r' >0 ;;. "" ;::l 

f
"~ __ fz=-__ f-__ ~.=-:>~=-c:,-=-=-__________________ +-______ :"'-=c:, __________________ ~ 

.-u 
< 

, 

"" r' - .;r. 

0:- ..... "'''' r . r'· .... '" ,;., .r. ;, ... - ......... -.". 

z 

~."'<:> "" ", ,,,, ,,,,0 
c- ~ r, ..... 
:;....,::>66 
0 - ::> - 0 

• 

8 
o 

• 

s 

" ;z 



• 
During wet and dry season a 10[ U! of314 and 285 camels, respectively, were examined Qlli of 
which a prevaJ~llct: of 10.2% (pnrasitological) and 56.5% (scro logic:.tl) was obseryed. \\ hcr..:ilS ....... 
during the dry season only 1 .8% \"'ere found parasico logically positive (Table 6). 

A marked seasonal difference with a significan t odds ratio o f 4 was obserwd, meaning that 
cases of trypanosomos~s arc 4 times more likdy to OCCLl r in Genl1a (rainy season) than in 
Ad"Ies,\'CI (dry season) (Table 6). 

Based on the means of parasi tological results in weI season no sign ificant diffaences were 
obserwd betweell sexes, age groups, dint-rent physiological status and ecological conditions, 
whereas in dry season associations between the ecological condtions and the u ypanosomos\!s 
status became apparent. The odds ratio is eight, meaning that camels in the rive rine area are 8 
ti mes more likely to be positive for trypanosoOles than camels in the non ri veri ne area (Tnble 

6 and 7) 

With regard to the serological results it seems that there is a differenc\! b\!I\'vcen sexes 
(P < 0.01) but when this dirference was analyuJ for the confounding effect of age on sex by 
Mantel-Haenzel-technique it \\'as found that tbc effect wanes (summary odds ratio: 0.84 (0.5-
1.5». However, significant differences between age groups, physiologicnl condition of the 
animal and ecologic.:l1 conditions were observed: camels above 4 yenrs of age are 5.6 times 
more likely to be seropositin! thnn camds below one year. Camels one to four )cnrs old 
seemed 10 be 1.8 times more likt:ly to be seropositive than calves; however. the 95% 
conlidence interval induJes one inJicating the possibility of no differl!nce (T<lble 6 and 7). 

Looking at camels of different physiological status th~ odds ralio is only significant when 
pregnant/lactating can~ds as well as non-pregnant camds are compared (0 calws: nOI1-

pregnam animals are 11 times more likely to be antibody positiw than calves. whereas 
pregnanlJlacta!ing animals are 5 times more likely to be positive in the antibody ELlS.'\.. 
Similarly, camels from riverine <lfedS hnve :l J times greater rate of seropositi\ ity tban non 
riverine. camels (Table 7). 

% 

60 

10 

60 , 

" 
' 0 

-.-
3C 

" I 

"----o 
<: , yeal 

.-

1 ·J·year 

-.-
-' 

.-

~~WBFI BCT 

_ . _ . _ . Antibody eUSA 

> J year 

Figure l: Smoo thed curve of the re sults of parasitological and serologic.1I tests 
for age in 81 cJ.mel herds in Leben district, Dorena zone, Oromia 
region, Ethiopia, 1997 . 



Figure 1 displays that all ::!gc groups of camels are a!Tee ted by trypanosomiasis with a 
parasitological prevalence rcaching a peak in immature animals ( 1- 4 years), when:as 

serological prevalences increase with increasing age. 

4.2.2 In ci li c n ce of Tr ypalloso ma infect i on liuring dr y se a s on 

285 animals out of 74 herds examined in the first survey were again ex.:unined 31 the end of 
dry season. Eleven camels were withdrawn from the s!lJdy population during this period. For 
calculating I.!umulative incidence and incidence density, these animals are taken into nccount 
as if they were at risk for half of tbe study period. The average period of observation was 86.5 
daY$. All animals positive during the first survey were treated with Cymeiarsan (Rhone 
i\lerieux) at a dosage of2.5 mglkg. as recommended by the manufacturer. All treated animals 
were negative to the parasitological examination during the dry se:lson survey. Eight new 
cases were found during the second sliney. The cumulative incidence and the incidence 
density \\ere then ca\cuiatl!J to be 0.03 and 3 cases per 10,000 animal days, respectively. 

4.2. 3 H e r d I C\' c l t r y pano so llloscs r e s ult s 

Qut of a total of 8! herds examined during \\t!1 and 7-l in dry season 24.7% (:!O) and 9.500 (7), 
respectively had at teasl one case of trypanosomoses diagnosed using parasitological 
techniques. Using the antibody ELISA technique 90~0 (74) of the herds ex~ltnined during the 
wet sl!ason were founJ \vith at kast one positive animal wi th Trypallosoma \!1'lIllSi antibodies. 
Thert! is a significant difference bt!tween the proportion of herd s posi tive during dry and wet 
season (P< 0.05). 

Generally, the herd level results indicate a clustering of infections. Out of 20 parasitotogically 
positive herds in rainy season three .... ere agnin positive in the dry season examination. III!n.ls 
which were found positive during the \\et SCJ.$on examination hnd one to three camels 
positiVI! out orth..: four s:lmples tdken. 

Only nine out of 81 herds are categorized as riverine herds. During the wet season checks 2 
(22.2%) from the riwrinl! ht:rds and 18 (25%) from the nonriverine herds were 
parasitologically positive. In contrast 10 this in dry season 33.3% (3) of the rivt:rine herds and 
6.2% (4) from Ih.: nonri\erine herds w~rl;! found infected based on the constant four inJi\idual 
s3mples taken from ~:)ch herd. 

4 .2.': Par'asit o l ogic;1 1 tr yp a noso ma diffe r en tiati on re s ult s 

Table S: Parasilological differentationof the posilive samples from 81 berds. 
Leben district Borena zone OroOlia renion Ethiopia 1997 , 0 , , 

Season Trypanosoma spp Buff) coat Thin blood smear 
positive 

Positive Negative 

T c\ ·l lll.~ i 'J ,- 26 6 
wei season T vil 'ax I 0 I 
dry season r el'<msi 7 6 I 

T. vivax I 0 I 
Total 41 ' 0 ,- 9 
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During wet season T evansi was identilied in 32 (97%) and T vil'lIx in one (3%) s:.unpks 
using buffy coat technique, whereas in dry seJson 87.5% (7/8) of the cases were due. to T 
evansi infection and again one was identified as T. vivax. Out o f 33 thin smears taken in the 
wet season from parasitolugical!y T ewmsi positive animals 26 (78.9%) were conlirmed, 
whereas in dry season six (75%) out of eight smears were seen as having T el'{lIlsi 

morphologically. No T. l'ivG..\' could be confirmed the parasit3cmia was very low in the buffy 

coat technique (Table 8). 

~.2.5 Te s t agreement between to and 20 minute Antibot..l y 
ELISA re su lt s 

T:lblc9: A comparasion of 10 and 20 minute antibody ELISA results 

ELISA reading 20 minLHe T 20 minute - Total 
10min.+ 
10 min.­
Total 

172 0 
8 139 
180(56.4%) 139 

Kappa value=0.949 

172(53.2~·'O ) 

147 
319 

Confidence. inh!rvu! =(0.915-0.984) and Confidence level = 95%. 

A total of 324 sera samples collected Juring the wet Season wen~ subjech:d 10 anlibody 
ELISA. For:5 samples no ELISA reading were obtained at 10 minutes. Thus, 319 sera \\..:re 
compared. The results indicate a good test agreement between 20 and 10 minutes ELISA 
readings. One parasitoiogi<.:aly posit:vc case of T. evclJlsi was negative at 10 minute antibody 
ELISA readings but positive at the 20 minute reading. The parasitologically positive serum 
for T. viva. was positive at 10 and 20 minme ELISA readings (Table 9) . 



4 .3 P :lckcd cell vol um e, trypanosollloscs and g a s troint es tin al 

helminths. 

Table 10: Co mpari so n of rcv a nd pa ra s ito logical re su l ts ( WB F/ B CT ) i n 8 1 
cam d herds In Lebe n dis tr ic t , Bo rena z o ne, Orom ia Region, 

Ethiopia, 1997 
FaclOr 

Wei seasn n ' 
infected 

not infected 
,\ go: group 

Odow I year 
infeCted 

not infeckd 

1·4 year 
Infected 

not infected 

> 4 year 
infected 

not infected 

Dry stilliOn' 

infected 
not infected 

Age group 
Odo" I year 

Iniecled 
No! infected 

1·4 year 
infected 

nOI infected 

:>4)ear 
IIlfectd 

not infected 

Noof 
observation 

324 
33 

192 

97 
IJ 

" 
162 
17 

1-'5 

28:5 
8 

277 

5i 

82 

146 
3 

143 

,"Ieun pev +0 

24.4 (24-·t8) 
20.8 (19.4·11.2) 
22.6 (22.2-13) 

20.6 (19.6·21.6) 
19.35.2-33.4) 
21 (20-22) 

22.4 (21.7-23.1) 
21.8 (20.2-23 4 ) 
22.5 (2. L7-D.3) 

23.0 (22.5-23.5) 
20.2 (1 8-22.4) 
23.3 (22.8-23.S) 

22.4 (22 -22.8) 
18.9(18.5- 19.3) 
24.6 (2.4.2 -25) 

23.7 (22.7-24.7) 
19 
23.7 (22.7-24.7) 

24.5 (23.7-25.3) 
18.8 (S.9-28.7) 
24.8 (23.9-25.7) 

14.7(21.1-25.3) 
19 (4.5·34.5) 
24 .S {24.2·25.4) 

Median 

23 
21 
?' ., 
21 
21 
21 

22 
22 

" ., 

" 20 
24 

25 
20 
25 

24 

25 
19 
25 

" " ,-., 
• significant at r < 0.05 .... highly significant at P < 0.01 
NO no statistical comparsion 

Range 

12-3-' 
13-29 
12-3-' 

12·30 
13-2-' 
12-30 

13-3-' 
18-27 
13-34 

13-31 
13-29 
13-31 

9-34 
12-34 
9·34 

10-30 

10-30 

12-30 
12-25 
18·32 

9-34 
12-24 
9-34 

P-valuc 

0.005 " 

0.7 

0.2 

0.002 " 

0.002 ' • 

ND 

00-1 ' 

0.04 " 

~ Seasonal pev differences were testd using the paired t-test and found significant at 

P <0.00 1. 

A comparison of thl! rcv status of infected versus non 4 in fecled individuals as revealed by 
parasitological tests showed signilicant difTen:nces in both seasons. The PCV of 
parasitologically infected versus non-infected in different age groups showed significant 
differences only for animals above fOllr years in wet season whereas in dry season significant 
differences were observed in immature animals (IA years) and animals above 4 years Crable 
10). Irrespective or the Ir)panOsornoses status highly significam diffacno..:es in pev values 
between age groups in wet se.::.son (p < 0.00 I), however not in dry season. wer..: observed. 
Kruskal- Wallis test was employed to lest for age group di fferences. 
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infected non -infected 

Tryplnosomiasis SIJtus 

Fi g ur e 2 : l3o,,:-and-Whisker plOl for rev readIngs of parasitologlcally 
infected versus non-infected camels in wet season 

The Box-and-Wbisker plot shows the rev of parasito logically infected and non-infected 
camels in wei season, The median notches (confidence intervals orlhe median) do not overlap 
showing that there is a significant difference between the pev of infected and nO! infected 
camels (Figure 2). 
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figur e 3: Bo x-and-Whisker Plot fo r rev among different age groups 
irrespective of the trypanosomoses status in wet season. 

Figure 3 shows that the median rev orille age group> -I years is signific3n1ly different from 
the otber two as indicated by non-overlapping median notches whereas no signilicant 
difference became apparent between calves and immature camels (l -~ years). 
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pev ~4 

19 

9 

Inf~cted 

Fi gure 4 : Box-and-Whis!...er Plot for the PCV readings of parasilOlogically 
infected \ersus non-infected camels in dry season 

Figure 4 displays significant differences in rev values of parasitologically infected and non­
infected camels in dry season. 
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Fi gure 5 : Box-and-\\' hisker Plot for rev readings in different age groups In 

dry season irrespective of Irypanosomoses status 

Figure 5 depicts the absence of any significant difference in median rev values in diffen:nl 
age groups. 
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T abl e II : PCV Values and st!["otogical status (antibody ELISA) of illui v iJuat 
camds in wet season fr om 81 camel herds in Leben district, l3 ort.!lla 

zont:, Oromia r.:gi on, Ethiopia, 1997. 

Factor 

Wd season 
seropositin! 
seronegative 

Age group 
be!0w I year 

seropositi\e 
seronegative 

one to four years 
seropositive 
seronegative 

above -I Yt:<lrs 
st'l"opositi\e 
serom:gative 

No. of Mean PCV+ Median 

observation 
s 

184 
1-10 

21 
-1-1 

-1 5 
.? ,-

liS 
-1-1 

CI 

12.-1 ± 0.5 
22..1 ± 0.6 

19.9 ±:2 
21.5 ± 1.2 

22.1 ± 0.9 
22.6 ± 1.2 

23 ± 0.6 
22.9 ± 1.0 

rcv 

?' -, 
T -, 

20 
22 

22 
?' -, 

2-1 
2-1 

Range 

12-31 
13-3-1 

12-30 
13-28 

13-28 
13-3-1 

13-31 
13 -29 

p-vat ue 

0.8 

0.1 

0.-1 

0.7 

No significant JilTen:ncl!s in meJian PCV values were set.!11 bemeen ELISA positivI.' and 
ELISA negative animals in total and between the Jiffen.:m agio' groups (P > 0.05: 
Milnn- Whitney tl!st) (Table II). 
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Figure 6: Dox-anJ - Whisker P lot for PC V of serol1l!gnti\ e and sertJpositi\ c 
camds in we t season 

The Box-and- Whisker-Plots in Figure 6 show the distribution or PCV readings of seropositive 
and s.: ronegati\e camels in we t season. The o\l..:rlapping median notch indical<.:s thatlllt.!fC: ar.: 
no significant differenl..:t:s in the median (leV values belween seroposjti\e and st..'roneg~l1i\'t..' 

camels. 
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Table 12, Comparison uf pe v values or paras i 10 I ug icall y negative camo.:ls In 

wet a nd d ry seaso n from 8 1 camel herds , Leben district, [3 0 ['0.: na 

zo ne , O ro mi a re1!lOn - , Ethi opia , 1997. 

Age Calegory No. o f Mdian ± CI Mcan R;lIlgc I'valuc 

group obs<!rv<l lio 

" 
bdo\\ , I rcv dry SCJSOII 54 23 5:z: 1.0 " 1 f)-3~ 0.000 ' • 

) ~Jr 

rcv \\c[ ;~ilson 54 21 ..t ± !.I 21 ,5 12-30 

,., ]lCV dry seasun 69 ~-1.7±0.7 " 18-.3:1 0.000 ' • 

)ears 

PCV"~I se,,~ol1 69 22.6 ± 0.7 " ' I 3-3 ~ " 

above 4 PCV dry s~ason 1::!7 24 .5:l: 0.6 25 9-34 0000 ' • 

years 

rcv \\~I season 127 ::! 3. -I ± 0.6 " 13-31 

• • V cry highly significanl uiff~r~nce (P < 0.00 1) 

Significant differences in median rev values were obsened in age groups of camels \..,hich 
were parasilOlogically negative in bOlh s.::asons (P< 0.00 I , paired 1-lcst) (Tab!..: 12). 
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Figure 7: n ux-anti-Whisker Piol for comparison of PCV o f pa rasitologically 
negative camels below one year in dry and we t season 

The nox-and-Whis"-er Plots in Figure 7 show significant difl(:ro.:m:..:s lo r the median PC-V 
values of cah t!s III W\!t and dry season. 
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Figure 8: l3ox-and-Whisker-Plot for comparison of r ev of parasitologically 
negative camels \ --l Yl!ars or age in dry and WI;'1 season 

Also for immatun: camels (I--l years of age) the median pev v:ducs d iIT!.! !" sigllilicantly 

between wet and dry season (Figure 8). 
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Figure 9: Bo x-and-Whisker plot for comparison of PCV of parasiloJogically 
negative camels :lbove..J. years of age in dry and W\;,1 season 

As for immature c<lmds the Box-and-Whisker Plo\s in Figu re <) $how signijicanl din~n.!IK\!S 
between wet and dry season for the median values PCV ormatun: camds. 
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Tahle 13: C o mpari so n or ErG versus try p;In 0 s 0 III uses s tatus and ~l g e III XI 

camel herds ,n Lebe n di s tr ic t, Do rena zo ne , O ro m ia Rl!gi o n 

Tc~! r~"!<lr No.of Mc~n -t- C[ /l.h:llian Rangc !' - v~luc 

<lb~cr"':Itil)ns 

EpG Dry ~~"5"n 
.111 2~5 'J I 1 17 31 U-I [Un 

Inl\:clcd , IS~~.!1911.7 " 2 1-HO ()O~ 

nonin fH[ct! 277 S') .116.6 " U-l lltO 

Stro l ogi ~al S [:l[U S 
, 

Sanpusi[i~c 127 9IJ±25.5 36 1l-(1)l) '" 
s"run~l:,nl'~ Ijli '.It) (, .!;21) I 211 (j·IIOU 

Scrul"l:ic:[' S [ ,[ [ U5 t ['I...'V' <2U ' ) 
Sn<lp{}si(I'~ <, 1.106:::69 " 0-1 lOll 02 

scrol1~e"[I~C 35 Ilb<) :::35.2 " h-..t7U 

['cv<.!O. inespetl l" e o f 

Iryp .[ nosOmuscs S I.l lu~ 

Age gruu p 

betH" I > ~;Ir " 135 S ±H I 91}j" K-..t70 II U4 " 

1-~ yC;jr~ " 37r-t:::J73 55" ]·2:'iO 

Jbu\c" ~"ar;; II '·W I :!: 90.6 )7" tI-llUU 

PCV<20, :l lId seruncg:lll' H 

Age gru up 

b.:1>l\\ I >CM 1< 151)J.!:6~7 126 Jo~1U H 15 

I-~ )C.lr.; IJ 1l".5 :!: ~9A " 6-:!50 

.llm.<. f J~ .11 ':; , Wi, ,.= ?: ') j') (, }1).5 

a. b medilln EpG values I.knOleJ b) different kUcr urI! signiiicamly different from each olil..:r-
• significant difference (p < 0.05): (not including c.lllleis par.lsilological1y POSilih' In dry 5":;'SOIl 

As pev \ atues I"rom thl! literaturt: havt! no consistency to classify an anima! as <lHiH..'mic or 
not, the lower margin n:poncJ by Danjl!ril.! el af. (1962).1s quoted by ClnuSI.!!l (10l:i6) \\as 
taken into consider:Hion. Thl! aim of {hI.'- I.'-gg \:ounts was to see \~hcthl!r gastroillkstinal 
hl.!llllinlhs an.: associatt:d \\ ilh low PCV valul.!s in st:roncgativc c<lmds in wt:t se:ISOIl tlndt:r 
natural conditions. llo\\t!\er, the imestigation \\ as undertaken in dry season. assuming no 
change of serological status. The resuits obtained indicated a gastroilltestina l helminths 
prevaknce of 90.5%. The prevalence of Strongyle eggs was 88.1 %, or Srl"Ong),fllidex spp 
17.7%, of Tric:/II//"is spp. l-P/it and of ,\/vlII:::ifl eXjJtlflsa 4.2%. 
The resuits dt:picted in Table 13 showed the follo\\ing situation: A markt:d difl~n.' llcl! in EpG 
of between inft'ctl."J animals anti not infl."cted camels WtlS obscrvt:d in dry seaSllll (P=0.08). 
Ilowever, the differen\:t:s bl!t\\I!f'n sl.'roiogi...:ally positive and scronegatiH: caJllI.'ls \H:r...: not 
signilit.:am but signilil.."<llli diflCrence::; wt.:n.: st.:eJ1 bt..:lween agt.: gruups \\hid\ hav!.' PCV "due::; 
bdow 20, irrcspccliv\'; llf tht: serological ::;t~tus in wet season. Th\,; median EpG or c.llvcs was 
signili..:tlluly din~ll;llt l"WIll immatun.: (1-4 y..:ars) and adult t.:umds (> 4)~m:-.). J\ eOlllp'lristln 
of EpG counts in so.::rollo.::gHlive :lnimals with :l PCV bdow 10. str..i!ilicd for diITi.:r..::nt ;lg..:: 
groups, re\I!Dh:d no signili c~nt difference in t::gg output in dry season. Ncvcrthekss. (.:;)ll1cls in 
all age grou ps Wl.!re Secll l.!xcn:ti ng onl.! or more types oreggs 



figun:s 10 to 14 provide graphic<ll illustrations of th!;! valll!;!s pn:scntcJ III 'LInk 13. 

dcmonstrating the variability of the paramdcrs measured. 
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Figure 10: 80X-o.nd - \\'IHsker P lot fo r EpG of II1fected \ersus non-1nfected 

camels in dry season 
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Figure 11: l3ox·and·\\'hisker Plot fo r EpG of seroposi!i\c <lnd seron",.'gatin: 
camels. 
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Figure 12 : Box -and-Whisker Plot for E p G of sero ne gative cam~ls for pev 
below 20 among different age gro ups 
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Figure 14: BO:\ - :lnJ - \\"hisker Plot for EpG of seronegaliH camels \\jlh PC\' 
bdo\\ ~O strJtified for ago.! group 

T able 1-1 . Comp;uison of PCV \~t1ues of concurrent infet.::tion \\Ilh tryp:lnOSIll:1 
and .,;astro ntestina1 hdlllinths (Gill) 

Df) 
se:lson 

Tr)ps.-,- :1nJ 
GIII -

Tr)ps ne:!.lI;\e 
anJ Gill 
POSlll\C 

Tr~ps and Gill 
negati\ e 

i\'umber of 
obscf\ alion 

8 

:-"lean - CI R.m!,;.: 

18.9::: -L4 

24.-1 ::: 0...4 9· ,4 0.001 · 

~5.9=1.0 ~ 1-31 

3. b median PC\' \;JIlI"::. denoted by diffen~nt kuers arl! significantl) differe nt from ":~I..:h other. 
... high1~ significant difference fp < 0.01). 

The median PC\" \':llues of camels concurremly infected \\ilh bOlh trypanosomes and 
gastrointestinal hdminlh:. \I,-..:r..: sidnilic<lmly lo\\ cr comp:lred to thllSC in/\:dcd \\ith hdminths 
alone anJ those nut infected at all (Kn:sk.al -\\'a llislest: P < 0.01). 
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rev 

9 

GNTN GI'TN GPTP 

FigUrl' 15 . Box-,:lJ1d - Whisk.cr Pl ot for PCY of cam.;!s infcc(I.'d both wilh 

trypanosomes and gaslro intcstinal helminths, gastrointestinal hdmintbs and 

not infected hy both 

GNTN: Gastrointestinal heimilllhs and trypanosomes negative 
GPTN: Infected \\11h gastro intestinal helminths but trypanosomes ncgmive 
GPTP: Infected both wilh gastrointestinal helminths and trypanosomes 

The Box-and-Whisker plots in Figure 15 reneel the distribution of rev values of camels 

neith..:r inil:Cled by gaslrointcslin;.}l hdmil1lhs nor by trypanosome::;. inkt.:lt.:d \\ illl 
gaslrointcsiina\ hdmitlths alone, find infected with concu rren t infection of trnmnusomes and 

gastrointestinal helminths as provick'd in Trible J-L 

Table 15: Comparison of PCV of infl.!cted camels befoft! and after tfeatml.!nt 

Season Category Observations Me~n + CI Media Ra nge p-value 
n 

we! before 27 20.6± 1.6n 21 18-31 O.OOO**'" 
season treatmt!J1t 

Dry after 27 26.5±1.2b 28 13-29 

st!ason trealment 

a. b mean rev values designated by different lellers are significantly different from each 

mher. 
**"'Very highly significant (P < 0.001), pa ired t- h:St. 

The median PCV of animals trl!aled a\ the fi rst investigation (\\ct season) showed significant 
illlproVl.!llll.!llt ;1[ till.· sn:olld visit (Tahh: 1:). 
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Figure 16: Box -aod-Whisker Plot for rev of infected camels bcror~ and ~ r(er 
I reat!lll!nl 

The l3ox-and-WhisJ...er plot::. in Figure 16 show the distribution of rev value's of comels alia 

and before (realmen!. The mediJll rev of trcated animals was significantly diffe rent fro m the 
mean values before treatment as indicated by Ihe non overlapping 95 % confidence intaval of 
the median . 

.. ". C linical SY lII pttJ lll S ob s erved 

Table 16: Clinic.:!! symplums observed In parasitologically infected and 
seropositive camels in wet season 

A Ui/c mi:1 

as sole symplom 
in combiniuioll II ilh others 

Lo)s o r comlition 
as sole symptom 

in combination II llh olher 
symplOl11s 

L:ic rilll:.ltion 
as sok symptom 

in combination with Olh<:r 
symptoms 

as sole symptom 
in combination \, ilh olha 

symptoms 
l'u culLlo ll ia. 

as sale symptom 
in COlllhill,ui"l1 \, illl OIher 

symplol1\~ 

Diarrh oc;! 
as sole ~ymp!Om 

in cOlllbin .. lion "ilh Olh.:r 
symptoms 

Abo rtion 

No signs 

IVQf' rrT 
posilive 

5 (13.2 0
,,) 

16(18.6~o) 

0 
12 (13.5°,,) 

0 
15 (17.6°0) 

0 
20 (90.-1°'0) 

0 
I (jO%) 

0 
J(!OO~u) 

0 
:; (33.3°'0) 

';;>r"h:n1i!) T~I,lj '1" pI rilmd~ ~I~"" : !~:: 
positive the S~lllp{(lI1\S 

.j } (53 S~o) " 53 (61.6'!/Q) 86 

31 (56.4 0 ,,) 55 
56 (62.9 Q u) 89 

0 0 
5-1 (63.5'%) S; 

0 0 
2 1 (95.5~o) 22 

0 0 
2 (100 0 ;') 

, 

0 0 
3 (IOOQ u) 3 

I (100~·;') 
-16 (50.5'%) 9J 
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Table 16 provides Ihe fn:tlw.:ncy of clinical symptoms observed in p~rasitologic~' lly in!~l:ted 
and seroposit iw em ll eis in wet season. In parasito log ically infec ted anima ls anaemi a is, whl!ll 
it occurs, the most important symptom indicating trypanosomoses infection whereas toss o f 
condilion and anaemia an: more frequent symptoms seen in seropositive :mimals. A 
combination of symptoms \"as observed in Ihe majority of the cases. Nevertheless, cases 01" 
infection or seropositive camels which did not show any of the symptoms of Irypanosomoses 

were also obserwd . 

.... . .... . Pr o ducti o n pa l-;llJlct c r s 

Table 17: Des cr iptive statistics of produc ti o n parameters III 81 Camel herds III 

Leben District, norena zone, Oromin regI o n, Ethiopi3, 1997. 

Production \:uiable Nool 
observm iolls vallie 

Herd size 81 

Offwi-e rate 81 

Productive offtai-e 81 

Slaughter rate 81 

1\larkt!ting rate 81 

·Gift out" r:lle 81 

Non producthe offtai-e f:lle 81 

Crude mortality [;Jtc 81 

Loss rate 81 

Prcd;lIor t:lle 31 

Accid'::lll ra!.:: 81 

·Gift in rate' 81 

Purchase rate S 1 

14 

29.3% 

5.no 
0.6% 

4% 

1.2% 

20.7% 

20.7% 

0.:5% 

0.S5~·o 

3.5% 

l\.kdian StanJard R,ll1-SC 
do.:, iatiull 

12 

26.3% 

o 
o 
o 
o 
19.7% 

1:5.3% 

o 
o 
o 
o 
o 

9.8 

26.3 

10 

2.9 

8.3 

3.2 

:22 .6 

1"2.6 

LI 

2.9 
, ---, 
92 

0-116.7' 

0-50 

0- 23 .5 

0- JO 

0-16.6 

0-109.6 

0- 109.6" 

0-25 

o ~j 
11 + 25 

0-1 S.2 

0-50 

x In one herd an offtake nlle of 11 6.7'}o \\;lS computed. In this ht:n'! 7 animals \\cr..: \\ithdr:1\\11 

(six deaths and one sold) \\llh an averal.!e herd size of six. 

xx In one herd a crude marta lilY rale of 109.6% \\rtS cakul:lted. In this herd a tOtal 01" 17 
c311lds were reported 10 hrnc dieJ of come! trypanosomoses (DIiJalllr!). III 22 herds no 

cases of death \\ere reported. 

Table 17 prO\ ides descripli\e statistics for proJuction variablc-s in 81 herds illVL'stig,lted -I he 
rc:.ulb indicate a higb onb \..c rate in the preceding ),CaT, whereas the birth J";Jle n able IS) alld 
Ihe number of animals introduced (purchase rate and 'gift in' rate) wen: quile low. 
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Table 18: Dl!scri pt ive stati:;tic$ fo r repro d uct io n paralllc(<.!rs , 01 81 c lJmd herd s "' 
Lebe n D istric t , B o ren a zon e , Oro mia reg io n , Et h io p ia . 1997. 

Production vari:.lb le No of Mean Median Standard Range 

obse rvation deviation 

s ------
Birth rate 81 17.7% 15.4% 14.5 0 - 66.7 

Age at first calving JS~ 5.9 years 5. 75 yC~lrs 1.3 4- 11 

Calving interval 271 2.1 years 2 years 0.8 1.1 -S.5 

Table 18 shows a low birth rate, a wide range for the nge at first calving of 5.9 yC<lI"S (range 4-
11) and a mean calving interval of 2.1 years (rung..: 1.1 - 8.5). It was also reponed that camcls 
can give birth every year depend ing on (he quality of the seasons. 

Titble 19: Herd size differences according to ecological zone s, managemcn t 
units and herders ..:.\perience in 81 cam..: I herds in Leben District. 
Borena zone, Oromin regi on . Ethi op ia, 1997. 

F,lClor "'u ()! l\kCliln ~k;\n StJJHllnJ Range rest p-hdth! 

obsc:rv:lIlons deviation ilpplic:d 

Ecolugk:11 Lone 
Rlvc!rine 9 6' 7 2,4 -I ·1 I 1I.lnnn- O.OOS · • 

Non rivcrine 72 I3b IS .8 10.5 -4 --17 Whitney 
test 

i\!:III:lgcmclll (Init 

Housc!hold 41 10' 119 7.1 -I • 38 Krusl-al -
r olyg::UH OUS laillily j7 ,," t6.::! IU 4 - 4-1 W,ll!j~ O.O::! " 
E:l:lendcd fnmily 3 -17" 37 17.3 17 --1 7 tcst 

E~lleric lL c c ()c::lrs) 
1-10 j') 9' 11.-1 7.6 -l - 33 Kru~I-;LI· 

I J·22 " ,,' 17.6 " 5 - 4-1 \VJlhs 002 ' 
23·37 2S 15.51> 18.1 I::!.-l -I -..J7 lcst 

.. Significant (p< 0.05); " ' J ligh ly signitic,:ulI (P < 0.001). 
a, b alld c med ian herd siZeS dcl1ot,;-J with dif1~r~llI Icu..:rs are significan tl) different front en~h ol her 

Table 19 shows s ignific<ltH differences in herd size between different managclIlentllnits. 
ecological zones and differ..:nt levels of experience. 



Table 20: C rude m o rtality difference s In (%) acc o rding to herd trypan usum o st..'s 
s talU s, t! co lo gital zones , manage"m e nt units a nd he Hkrs expt!rlt..'llce 
In 8 1 c am e l he rd s III Le be n di s trict , (3orena zo ne, Oromia regi o n, 
Ethi o pia , 1997 . 

FaClor 

Se rologic al 
l rypanosmbsis 
st~tu s o f henl 

PositiVI! 
Neg;)ti\!;! 

i\l::I n ~l gem cn t 

unit 
Ii ouschoid 

Polygamous 
Family 

Ecologi cal zone 
Rivain.: 

Nonriverine 

Experience 

I - 10 
II - 22 
23 - 37 

Noof 
observalions 

'" 7 

" 37 
3 

9 
n 

39 
14 
2S 

M.:u ian M.:.m SI<lnJaru 

5.1 
19.1 

2:!2 
I I () 

1-1.9 

7.6 

18.6 

18 

" 7 
19.6 

21.6 
10.9 

249 
15 5 
135 

17.6 
21.2 

,9 
178 
2·U 

d .:vi:ll io n 

22.9 
17.9 

2·U 
19.6 

12.~ 

25.9 
22.1 

124 
19. I 
12 3 

0 -1 09.7 ' 
0 - 50 

0-109.7 " 
0 -1 00 
0 - 25.5 

0- 82 -I 
0- 109.7 " 

0-100 
0-7L-I 

0-109.6 ' 

Test 
app lieJ 

;\ I:mn· 
Wilitnc) 

IC~I 

Kru~j..,,11 -

W.l l li , II'SI 

Mann · 
Whiln':~ 

tcst 

KrusL11 · 
Wallis (cst 

p-v :l,lm: 

0.15 

(l.07 

0.2 

0.6 

.. Crude mortality as a single value calculClted fo r each ht:rJ is treall:d as continuuus variable 
when trented for statistical differences. 

"'see page 60 how a cfude mOrldlity rate of 109.6 was computed. 

No significant differences of crude mortalilY became nppa rent bel\vecn different bels of 

milnncrmt'nl . fI'0i1'cirll! 7"1';\''1, nrrrkllfr Ilnnlhr 'ii"r"!f'r iral 'iliJ!II'1 "r!1 IWHI (Till'k :0) 



Table 2 1: Age <It fi rst c a lv in g <l nd calving inlt: rval d irrl'rt!IH;l' S ac~ o rdin g to 
b re ed , e cologica l zo ne s, und indi v id u a l Ir y pa nosomose s s tatU :-i In 74 
ca me l hads I II Le be n Di s tri c t, Bo rena zo ne , Oro mi a regI o n. Elhi op ia , 

1997. 

"l:C at fin t .:;Il\' inJ,; 
(in yeJrs) 

Breed l !)pe 
Gdebll 
f/ocik/..,: 

£(1 ci 1/1/111<1 

Ecologic:!1 condiliOlI 
Riverine 

Nonriverinc 

Individual seroJogic:J.! 
T rypt-JllOlOII/<.i status 

Posimc 
1',egallvo;: 

C;lh' illg interva l (in 
}cars) 

Brco;::J lype 
Gelebll 
f/Ui./H.: 

£Itd/lflllw 

Ecologic:!! condllion 
Rivcrin.: 

Nonri\ crine 

Individual serological 
l'Jf'''''''~v''.'' ,[.;1 .... , 

Positive 
NC~:l(iVt! 

No, or Mean Medl.1I1 Stan dard 
observ::lI ions deviation 

171 
:!O~ 

" 
" 359 

86 
33 

113 
151 
7 

17 
25-1 

5.9 
5.8 
5.5 

6.1 
5.S 

6 
5.7 

2.1 

" 1.0 

2.-1 
2.1 

, J 
1.3 

5.8 
5.8 
5.5 

6 
5.8 

6 
6 

, , , 
, --, , 

1 t , 

1.3 
1.3 
0.6 

1,4 
1.3 

1.3 
1.1 

0.7 
00 
0.6 

06 
og 

1 
1.3 

H 
-I- I t 
5-6 8 

<13-10.3 
·HI 

-1-10,3 
-l-S 

II-cd 
1,2-U 
1-1 -2.9 

I 1-8 .5 
I 3-3.3 

13-7) 
t ,3-6.3 

T.:.~l p-val!n: 
applied 

0.6 

OJ 

0,4 

0(; 

t-test 0.1 

[-k .. ! 0'1 

Table 21 is based on Ih .... breeding history or 384 cam..:!s with al il'ast one birth: 271 catm:b 
gave birlh to mon: than one CJI[ Thus, 384 were considered ror age at lirst calving calculalion 
wlwre<ls 271 for calr.:ulating calving intt:rvflls. 86 of the 384 breeding ft:ll1Jles Wl're tested in 
Ihe antiboJy ELI SA. No significant JilTl.!rencl's were ~lppflrcnt bet\\;l'cn Ihe rl'proJ ucli \t; 
variables calving interval and <lgc <It lirst ~nlving and ractors sllch as man<lgcmenl. ecologi~al 
zones, and the serological 5t.UU:; of the herd and the- individuals Crable 21). 
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Table 22 : Ilerd composition of 8 1 came l herds in Lt: ben Di stric t, l3ore !w zone, 
O romia regi on, Ethiopia , 1997. 

Calegory Proportion of the herd 

Below olle vear 
Male 

rcmak 
One ( 0 rour V(';lrs 

male 
remale 

pregnant 
Non-pregnant 

AIHl\C [ullr VC;lrs 

l\1alc 
Bulls 

Rutting, bulls 
Female 

Non-pregnant 
Pregnant/lactating 

12.4% 
54.1% 
45.1% 
34.6% 
43% 
57. 

1.3% 
98. 7% 
53% 
15% 

36.3% 
63.7% 
85% 

15.1 % 
84.9% 

Tabk 22 gives an ovef\ ie\\ oCtile compostion of an average come I herd. Such a herd cOllsists 
mainly of mature (> 4 yeors) and immature camels (!-~ years) \\ht!n::as calves form a small 
proportion. 

Table 23 : Propo rti o n of deaths in different age group in 81 camel herds In Leben 
Jj ~lIl .... t , D J! ..!lu lJ!! ..! , O!vllli..II -! siJII, CllliJpid. 1997. 

Age group Number of deaths Proportion (~u) 
< ont: year 86 34.3 
one to four )t!ars 65 15.9 
> rour years 100 39.8 
Total 251 100 

Gut of all deaths recurdl!J in 8! camel herds investigated the 100 ... ~st proportion is found in 
immature camels (Tabk23). 

0 < 1 year 

. 1.-'1 year 

0> 4 year 

Figure 17: Causes of losses in different age grOllps of camds in 81 Camel herds 
in Leben district, Borena zone, Oromia region, Ethiopia, 1997 



fo'igufI! 17 shows thai dis~ascs an.: the major cause of l oss~s of camds to the ar~a, whereas 
loss..:s du..: to predators and accidents have a minor contribution. 

M s.cenaneous 
2;'4 

Re~p"alcry P<'cc.~m5 ,'. 

PIe<;le'~,·,~ lOSS of 
GOOC ~on 

18". 

PolyarthrUis 
18~~ 

31' .• 

Fi~urc 18 Causes of dt:<lth in calves in 81 camd herds III Leb!.:11 district: Bllrcna 
L.one, Oromia region. Ethiopia, 1997. 

DialThoea, dise:1St!s characlerizeJ by swelling of the joints (Dabfu ) and progressi\!:: loss of 
condition (Kolie ElkDf) were reported as major cause of dea.th in young cahes 
(Figure 18). Miscellaneous causes inclUde camel pox (one case reported), contagious skin 
Ih!.!h,;",j", (vii ........ ,;~ .... I .... l5vit .... ~!" "'UJJ .... I! J.!Jlli. tI0,iI;ii:,l" hc"kii6", <ulJ Jc",IIL::' vI" tlLlklil)\\il Ldll::.t::>. 

M,sce,'a~eOUS 

20'/. 

S .... elhng of lymph 
noces 
10% 

Contag,ous skin 
necrosIs 

5% 

Camel 
trypanosom,asis 

17% 

Came! po~ 
10% 

Resp,r,,10ry 
dIseasES 

19% 

Proglessrve loss 
of conditIOn 

19% 

Figure 19: Callses of death in camels I--l years of age in 81 call1el herds, L!.:bcn 
district, l30rcna zone, Oromia region, Ethiopia 1997. 



The piechart in figure 19 shows the distribution of causes of ucaLh in nnimals aged 1-4 years. 
Progressive wasting dise:1sc (Ka/idE/kot) resp iratory diseases (juri, KlIfil), c:11llcl pox 
(Bo(Olie), camel trypanosomoses (Dllkane), a disease characterized oy swelling of 
Iymphnodes (kit!l"ierkie) were reponed as major causes of death in inllnatun: camels. 
Miscellaneous causes include toxic plants, bloating und unknown causes. 

orynebaclenOS'S 
2% 

Miscellaneous 

Resp,ratory 
diseases 

21% 

Diarrhoea 
,,% 

Swelling of lymph 
nodes 

2% 

necrosIs 
7% 

tr/panosom,asis 
23% 

Figu re 20; Causes of dealh in camds above 4 years age in 81 camel herds 
Leben distrIct, Ijorena zone. UromLa regI on, Ethiopia, 1997. 

Figure ::W shows that lrypanosomoses, respirmory problems (FI/ri, ;':lIjil), ct i s ~'[}sc:i 

characterized by nervous symptoms (Sheflbc!rkie), contagious skin necrosi s (ell;/lu), 
corynebacteriosis (mal/a) and swelling of lympbnodes (kierierkie) are major causes or death 
in camels aged above 4 years. Miscellaneous causes include toxic plants. lameness, sarcoptic 
mange (Chiru), dyslol.: ia. and diseases chilracterized by symptoms ch:1facleristiL: for milk ft:ver 
at latl! gestation (Checlieb:w). 

Table 2.t : Proportional mortality of diseases in 81 camel hads in Leben 
district, Borena zone, Oromia Region, Ethiopia, 19 97. 

Disease/syndroml! No. o r deaths 
Diarrhoea (Albalhi, SlIug"ir:. Dllkllu) 38 
Polyal1hritis (Dab/tl) 15 
Camel pox (8aggu/flu/Ufie) 7 
Respiralory probll:l1ls (Fllri, Kllji./) 38 
Camel trypanosomoses (DlI.hme) 3~ 

Cor) nebacteriosis (Mu/lalBlilka) 2 
COllla~ious skin necrosis (ChijroIDlil/a) 11 
Swelling or lymph nodes (KierikieIKelldechu) S 
Nenotls symptoms (Shc llberkie) 18 
Progressive wasting disease (KolielElkol) 27 
fl.1iscellaneous 53 
Total 251 
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Proporliollal moftJ lity (%) 

15 .1 
6.0 
2.8 
15.1 
13.5 
0.8 
4.4 
'0 ,-
7.1 
10.8 
11.1 
100 



In annex 5 a detailed description of the dist! ilscs and synd romes men tio ned above is presellted. 
Trypanosoilloses, diseases charac terized by nervous symptoms, dise.lscs o f c<l lvl.!s 
characterized by progressive wasting, diarrhoea, respiratory diseases and polyarthri tis were 
the major causes of death (Table 24) . [t should be mentioned that 17 deaths aUI! to camel 
trypanosomoses (DJ/kane) are reponed in one camd herd. 

5 DI S C US S I O N 

In the study area camels an; kept by a wide variety of ethnic groups. Camel hUSbandry started 
in the late nineteen seventieth by thl! Gujjis and i30renas who otherwise used to be cattle 
breeders. Bush encroachment and the versatile n:lture of camels to survive <lod to produce 
C:VC:Jl in the days of drought were found to be the underlying reasons to SIan camel husbandry. 
This finding confirms the statements given by Bdt:te ( 1984). The main purpose for keep ing 
camels in the study area is for milk production followed by transportltion servkes. sale or live 
c:lmels. slaughlc:r and as ,1 security to cope \\illl the recurring drougllt conditions. Contiiuy to 
this Coppock (1994) st[lled tlldt t r~ll1sport,Hiun is the rmtior objective or came! keeping in 
Borena lowbnds except for the small pockets ofGnbra and the Somali in the C3S!. 

Among many diseases kno\\ n to orfect camel. camel trypanosomoses was found 10 bc the 
most important problem to camel ht:rdsmen in the study area. The irwcslig;nion carried out on 
this diseose revealed a prevalence of I O.11! I> and 1.8% in wet 3mJ dr) season n:spectivdy llsing 
parnsitologicnl techniques [0 dernonstrat.: the parasite. ! lowe-ver. the seroprevalel1l:c is as high 
as 56.5% using antibod) ELISA. The prevalence reporied in our study in the r~li!lY season is in 
agreement with earlier repons by Rich3rd (1979) and Theodros (1995) but lower than the 
figures reported by Pegrarn and Scott (1976), Tenaye (1990) ond Ketema (1993) for the 
Borena region. Basic dilTerem.:es in siudy design. panicubrly the absence of " proper 
sampling frame in all above mcnti0ned SlLuJies undt:rtaken in Ihc area seem 10 [).cC"ounl fur the 
variations <lnd, thus, Ill<lke comparisons and inferences more complic:Hed. 

Contrary to the parasitological findings a I::lrge proportion of camels was founu to be 
sc:ropositive. Th~ chronic nature of the disease, the possible presence of trypanosomes in 
extravascular locations (Cbusen, 1986; 1 c:crnU\\ia e[ ,,/., 1993) and the fact that an antibouv - . 
ELISA cannot difierl;;ntiate bet\\cc:n pasl and present infections as detectable le\-ds of 
antibodies can still be found in animals \\hich are self-cured or after Ireatlllt:nt with 
trypanocidal drugs (Luckins el aI., 1979; Olaho j\ lukani e( aI, 1991) might explain the 
difference. HOWl..'vt:r, from the point of view that the. conventional parasitological methods 
might not detect low level parasitaemia in the chronic stage of the diseasl". the possible 
extravascular localization of the parasite. and the indiscriminate and quite common use of 
trypanoc idal drugs such as Oerenil in inappropriate doses, one mighl understund that a large 
proportion of test positive cases are not detected parasitologically. 

The seroprevalencc figures obwined in the present study are similar to tht: findings in Somalin 
where Caille, (1987) reported 57.6% rea!;tors in the antibody ELISA. Pegram alld Scott 
11976) found 41-71 % ofcjmels in the Borella are3 reacting to the Takta reaction. rorm~11 gel 
mercunc chloride and thymol turbidity tests. 3nd, 11Owe\"cr. stated that t!lese testS an.! not 
specific for trypanosomes and not sufliciC:lltly reliable for an aCCllmle t1iagnosis. In eOntrJst to 
these techniques antibody ELISA is said to be more sensitive and specific for tr)pnnoso rn~s 
(luckins ef aI., 1979). ~ 
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A~e. sex and the phy:;io log ica! stUlUS of the anima! had no signilicant eCle!.:t on the in li.:ctioll 
with trypanosomes (detecti on of the parasi te) in both s tud y seasons. However, eco logical 
condition was found to have an effect on the prevaknce during the dry season. The abund<ln~c 
of flies all year round in the riverine area in contrast to the abundance of flies in thl.! wet 
season favours the transmiss ion process from an in fected camel to a non-infected camel. 
Sheep and goats (Boid Cl (II., I C)81) as well as cattle in Somalia (Caille, 1987) fI!acted positive 
to the antibody ELlS,\ suggesting their possible involvement as reservoirs of in fection in the 

Borella area as well. 

Even though age has no influence on parasimemia in ou r studies a larger proportion or cnmels 
aged one to four years is afft:cted. These findings are in accordance with the reports of 
Schwartz and Dioli ( 1992), Diall e/ al. (1993) and Egabe Niwyi and Chaudh ry (1994). 
However, the differences observed. betwee n age groups \,vere not significant 
(p > 0.05). In con trast to thi.:; Rowland.s I!l (II. (1993) reponed ag~ as ri sk faclO r in bovin<:: 

trypanosomoses in Ethiopia. 

The seasonal tli rferenct: reported in the present s tudy goes along with tht: abund:mce of Ilies in 
the \ ... et season even o Ulsidt= the riverine areas. l3aumann and Zessin (1991) found a similar 
situation in Somalia. As reported by Mohamoud and Gray (1980) for the Sudan l1 y population 

and trypanosoma SIJtus are correlated. However, Egabe Niw)i and Chaudhry ( 1994) indicated 
that sem;on had no inl1uence on tryp:1nosomoses in camels in Nigeria. Sine!.! such infen:nce 
was made based on slaugh ter caml!ls findings il is usually difficult to generalize this to a 

popUlation in the. field . 

Looking at the serologic:"!1 findings, which, in J:1ct, relate to previous as \v>:ll as to present 
exposure to trypanosomOseS, age, physiological st:ltuS and ecological conditions were founJ 
to be fl1ctors associated with the disease. The significant dirrerences seen between difkrent 
physiological status might be confounded by age ns pregnanlllactnting alld non-lat't:1ting 
animals werl! on average older than four years, The incrcast: in se roprevr!knc~ with age might 
be explained by an inerc<!se in exposure as an animal ages and by the higher risk of ini"cttion 
in riverine area:; all ye:lr round. Grt:iner 1:1 al. (1997) had revealed an increase in 
seroprevnlcnc;;!. however in cattle, as an anima! ages, and slressetl the need f0r the 
consideration or intrinsic cut-ofr values for e:lcb stratu m to add to a meaningful intcrpretat ion 
of the ELISA. Dia el £1/(1997) using card agglutination test sel (C ATT) and indirc!.:t 
fluorescent antibody tcst (lFAT). haJ :llso indicated an increase in seroprevalence as t'~lmd 
ages particularly up to the age or 10 years. Seropn:valel1ce data showed that the disease is 

endemic in the area as a considerable proportion of herds \\ere found test positive. 

The cumulati ve incidenct" and the illcidence density are very low (0.03 and 3/ 10000 animal 
days). This indicates that as the By population decreases only a few new cases of 
tr)panosomoses will be encountered in the population. Nevertheless. laking into account the 
periodic parasitaelHia, Ihc chronic nature of the disease, and the methods utiliLl.:u to determine 
the incidence whil:h might not detect low leve! p:lrasitaemia. it appears to be mo re meaningful 
to determine the illcidcllce by l1lor~ s~nsitivl! methods such as antigen ELISA. Ilowcver. thl.! 
anti~en ELISA system is s till under evn!u::nion and not yet commt:rcially available for lidd 
work. 

Trypanosoma evans; had been found .:l.S the most common cause of camel trypanosomias is. 
However, two cases of T. viI/ax were also encountered du ring this study using the bulTy coat 
technique. Nevertheless, T'JP(lnosollla V;V(lX was not identified in blood smears :1S the 



parasit<lemia w~s very low in the buffy (;oal cx~mination. Camels might contract in!C(;(ion 
from caute since 'liypanwiof!la V;I'{IX is r..:poned in callie in till! siudy area (Richard, 1<>79). 
Trypll/lusomu vivax was reportt:d as caLIse of camel trypanosomoses in c~Jlle l in Sudan <Bo id 
(! { (I I., 1986) and in Ethiopia (Zelcke, 1(86). In contrast to ollr findings T evans; was 
incriminated up to now as the so l~ cause of trypanosomoses in the Borena zone (pt:gruill nnd 
Scali, 1976; Richard, 1979). 

Good test agreement \\as obscrvcd between the 10 and 20 minutes ELISA readi ngs. This 
signifies that on~ can CI!:ld nntibody results o.t 10 and 20 minutes with similar n::sults. The 
antibody ELISA bast:d on T. eV{III.\·i antigen has given positive results for both T. evansi and T. 
v;\,(/x. Antibody ELISA tests based on difterent antigens. however, in callie, normally do not 
differentiate between inf~ctions \Vith differL'nt organisms (Luckins, 1977). Our finding goes 
along with this finding due to th~ fJct that the antigen lls~cI (7. eVlIIlsi) could not di!'f~rentiate 
T. e)l{lII.'ii frolll T viv(l.\ infecti on. 

A significant differenct' in median pev values was seen between \\t.!t season ar:d dry sl!ason 
valueS. Similar seasonal diffe renct.!s were noted by Abdulgadir ef al. (1979) anJ Mutagi e{ al. 

(1993). The former author attributed the difii::n:nces to haemodilution in \\et season due to 
nccesS to green succulent forages whereas the latter atlributed this to he~l\y ti ck load and 
gastrointestinal infestations during rainy season. Hnemodilution and infestation with ti cks and 
gastrointestinal helminths might also t.!xplain the differences nott.!J in our survey. Thl! range of 
PCV values recorded in our survey was 9- 3~ and 12-3~ in \\et and dry se~son irresp..:c ti ve of 
tbe health status of the animals. The range is wide r and particularly the minimum valu..:s are 
lower than what h~s been recorded by Ghodis~n el al. ( 1978), AbdelgaJir e{ (II. (1979). 
'·Iiggins and Kock (1984) and r-.!utagi el (I/. (1993). The differences might bL' altributl!d to the 
sampling method, o.ge, management conditions, nnd the health sitlla!ion in a given mea. Age 
group differences wen: obse rved only in wet season. A similar situation was ~Is() noted in 
camels in Kenya (Mutagi ef til.. 1993), and describcd in c:tltle and goats (Schalm. 1965). 
Ilowevcr, no significant differences wen;: observcd betwecn ugl! groups in dry seasons which 
might be attributed to haemoconcentration. and 3 low~r burden o f belminths and ticks. 

The PCV values of infected camels diffe r significantly in both SC:lsons from thos!.! camels 
which are not infected. This finding is in accordance with the report given by Egabe Niwyi 
and Chaudhry ( 199 .. 1) who observed anaemia as onc of the im portant symptoms o r surra. It 
goes also with the finJings of latkar and Purokit ( 1971 ) who tound a lower pev of:!1.9 in 
experimentally infected versus 28.9 in non-infected animals. Our findings are also in 
agreement with Wilson el oJ. (1981) who reponed cases of trypanosomoses which did not 
show anaemia as in this study; cases without anaemia were found as \~cll. The rev ranges 
observed in infected and non-infected camel are in agreement with figures r..:ported by Dial! el 

al. (!993). Nevertheless. the Illedi:lll PCV values of scrologicall) positive animals do not 
show significant dine-rene..:s when compared 10 seronegat ivc counterrans since bei ng test 
positive does not neccssarily ll1e:ll1 to b..: infected as self-curcd or tr!.:~ltcd aninwls: still pm~lllcc 
detectable antibodies (Luckins el (/1.. ! 979; Muwgi et aI., 19(2). Moreover, animals \\ ith a 
mild subclinical inf~ctiol1 can h:lve p~lrasitaemia \ .... ithout evidence o f anaemia (OlE. ! 990). 

Our s\l!dy also sho\\cu that concurrent inf<!clions \\ith gastmint..:stinal \\ onns IlHl) 

signiilcantly depress Ihe PCV more tlwn singk mfcctions with helminths a!olle. This is in line 
with findings of Yagoub ef til (199 1) \\ho reported Severe depr..:ssion of rev in camels 
infec t~d with both T. el'Wlsi and Hw:moflchll::" lOllgi::,·lipes. Even though larval identifi cation 
was not undertaken due 10 time limit of the study programmc llaemol1l:hlls longis{ipes was 
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rcport~d as on~ of lh~ most common worms in c~mel in l3or~lla area (Rich~rd , 1979), ant! 

elsewhere in Ethiopia (l3erhanu, 1986). 

Treatment of camels with CYlllclurs3n® showed subst:lntia! health impro vement when a 
significant increase in PCV 3t the second visit is reg:m.led as an indicato r. Mor1.!over, all Ihe 
animal s treated at first visi t were Cree o f pamsites during o ur second visit. In line: with this 
Goal e/ (I/. (1992) reponed that C)mdarsan\l!l \Vas effective against trypanoso lll osl.;'!s in doses 

of 0.2:5, 0.:5 and 0.62:5 mglkg with complete elimination of parasi tes \\ ithin the 90 dnys 

observation period. 

A marked difference III EpG between trypanosoll1oses in fected and non-inlected camels as 
detect!!d by parasitological tests was observed in d ry season (P 0:= 0.08). Kaufmann el (I /. 
(1991) n:ported thnt N' Dama cattle experimenta1!y in fec ted with T cungo/t!lIse and then with 
Haemollcllll.\· C011/0rllls h~d signific[t!ltly higha EpG cOUIlTS tha n those wh ich ar~ inl(:ct..:d 
with Haemonchus con/or/wI or T congulen:ie alone. T he fi nding was auributed \0 a 
depression of host immunity by T congviellse anJ . thus, favourin g the estab lishmen t of 
infection as wel! as enabling a greater fecundity of the larvae. Depression of im munity which 
is a usual phenomenon observed in trypanosotlloses infected animals mi gh t explain the 
observed differences. Nevertheless, no significant difference \\;.\s observed in Ihe ErG output 
between seronegative and seropositive camels as a whole and wh":ll st ratified for those CHlllds 

whiL:h had pev readings below 10. 
A comparison of the EpG st;llllS in differem age groups of camels \\ hich had PCV \ ~dlles less 
than 10 sho\\ed that then: is (l. signilicanl di fference bet\\eeJl the different agt! groups The 
EpG of young animals \\ere signi ficantl y highe r than Ihat of immature and adul t camels. High 
morbidity and mortality of young an imals due to gastrointestinal hdmi11lhs (Soulsby, [982) is 
attributet.! to neona tal immune unresponsiveness. Thus, the lo\\ er abilil} of young ani11l~jls to 
mount immunological respons~ may account for higher EpG coun! in c:.l!ws as compared to 

older on!!s. 

Subsequent EpG output an.dysis or seroneg:ni"e C':UlleiS bet\\ t! t.:l1 a£1.! groups with pev 
readings below 20 re\eaJed the absence of a significant difference . Fuec:l1 egg counts arc not 
an actual reflC'ction o f the worm bu rden and are influenced by various racto rs stich as the 
resistance of the host, the numbl!r of female worms and the slage of devdo pmell! of particular 
helminths (Ministry of Agriculture, Fisho.!ries and Food, 19S6). Thus, gastrointestinal \\orms 
probably might just be conside red 3S one cause ror the depression of rev as all cumds with a 
PCV below 20 did excrete eggs o f Ot~o.! or more different helminth species. As also Il utritional 
deficiencies, heavy infestation with ticks und lice, chronic abscesses. and infections w ith 
various organisms may lead to a depression of the rev (RaJostilS (.!I ai .. 19(4). furthe r 

investigalions are desired. 

The high mortality rate in combination \\ilh the low birth rate in the preceding year (1996 to 
1997) indicates at least that the population growth was nt:gati\,e duri ng the year. In contrast to 
our findings Babiker ( 1984 ) reported a much lower figure f'or camels in SuJan. l3 a.umann and 
Zessin ( 1992) also reported a lower mortality cLte in Somalia. Thl: higher monali ty rate in this 
study might be attributed to Ihe rdati \c!y short experience of Ihe hcrJers in ':.lIncl 
management as \.,.dl as to an ep idcmic cam:.:! dist.':;lse in 1996-1997. This linding calts lor a 
longitudinal stud} runhel to ob~t:Jvt the negative trend in cnll1l'1 pmuuclioll in the study nrca. 
Between Ihe factors I!l:ological zones, herders experience, management L1llits and the 
serological herd status no signifkant differenc..:s with rcsptt.: ! to mortalit} rntes were tlbs~r\'ed. 
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Oesiuc trypanosomoscs, respira tory probkms. diseases cbamctcrizcd by nervous symptoms 
(Sllt!llbl!rkie), diarrhoea (Afblllhi, SJlIlgdie (lml DlIk(to), a disease of calves anu immature 
animals characterized by progressive wasting (KolieIEJkul). camel pox, corynebac teriosis, 
contagious skin nec rosis and a disease chamcterized by swelling o f the Iyrnph nodes 
(Kieril!l'kie) are the major causes of death in the study area. All these diseases wen! described 
in one way or another by Richard (1979). Coppock (1994) also atll:mpted to sho\\ the 
diseases/syndromes of camels as conceived by the Gabra he rd O\\ !lers in the area. 110\\ ever, 
the t:X<lct etiologies, the disease process and treatment of camel dise<1scs wen:: still ull touchcd 
by Coppock (1994) and need furtht:r iO\ estigation so as to assist pastoralists in the treatment 
nnu comrol of camel dist:ases. 

With regarJ to the tot.:lliosses in camel, disease <lccOunls ror the major part \\hen:.:ls predators 
and accidents have i.l minor contribluion. Among the diseases affecting camels, 
tryp,:ulosomoses is onl! of thl! most imporunt causes of de:.lth. D<!ath duo;! to trypanosomoses 
was reponed in camels aged 1-4 years and in those.! above 4 years. The parasitological rl!sults 
as well as the Serological results indicate In increase in prevalence as an animal ages. This 
corresponds well 10 the proportional mortal it)' rates for trypanosomoses in ditT.:::r.:::nt age 
groups. De.ath in calves due to trypanosomoses was not rt;!:ported; this could be aliributeJ !O 

the chronic n:l!un: of the disease and the lower rate of infection. In general, the proportional 
mortalil) rate for trypanosollloses is one of the highest in immalllre ( 1-4 ye<1r) and adult (<-I 

)eJr~) llnimals which again confirms the earlier statements maue. Respir'.I!ur) Jisc.:lses, a 
disease characterized b) navous symptoms (Shcnbekh:) Jnd diarrhoea might be c.:onsidt:retl a 
sequel to Irypanosoll1ose.!s. 

The herd composition in the stud) area compares well to the findings of Hjort and lIussein 
(1986). The lower proportion of calves in a herd appears to be linked to the l:lIe .:lge at first 
calving. the longer calving interval of camels in general (Mukasa. 1(81). abortions, and in 
particular to the high mortality rate of cahes below one year. The nverage h!."!rd size in the 
stuuy area was lo .... er th<ln what has been reported by I3allm~mn antI Zessin (1992) fur herds in 
the p::lstoral production system in Somalia. The gr..:ater experience in camel ker.:ping may 
account for this difference. Our study further sho\ved consid~rable herd siz..: variations \~ith 
regard 10 the factors management unit, herders e'(perience and ecological zon..:. Th..: mean size 
of herds owned by an ~xtendt!d family nnJ by a polyg.1mous family is significantly laq;t!r than 
for individual household herds. In the subsistence economy of pasloralists, this f:lCt Gill be 
ascribed 10 Ihe need for building up larger hads as [<1mily size increases. both for their daily 
needs as \\ell as for security. The larger herd size in the non-riverine area might be rclah:d [0 

the better availability of green forage for camels almost all year round and to rebtivcJy more 
farming activities in riverine areas. especially along the Genale river. 

The figures obt<1ined for the nverage age at tirst L'alving and the calving interval are 
comparable to the reports given by Aboll d III (1990) and tvlukasa (1981). II(lV .. ~ver, the age 
at firs! calving was higher than Wilson ( 1984) reportl!'d for Niger. allJ Wilson (1986) reported 
for Kenya but 100 ... cr than in Som::!lia (Baumann .:lnd Zessin. 1992). The difli:rence might be 
ex:plained by different management and ecological conditions and. thus. possibly by the 
dislO!ases associated. whidl in turn ha\'e an effect on the reproductive ability. 

An <1l1empt was also made to rdate difft'n:net:s in calving interval und agr.: at first cah illg to 
the prevailing c,lInd types and ecological conuitions. I i()wever. no significant as~oci:ltjons 
belween these factors \\ere revc:uled. Furthermore. there arlO! no associations betweell the 
individual serological results and the above mentioned reproduction parameters . The present 
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trypanosomoses status as determined in ou r cross-sectional study do(!s not indicate past 
exposurt! us camels wh ich have been cured by successive therapy or st! lf-cured sewral mo nths 
ago and which have not bct!11 infected, might be negative rl.!actors in a serological tes\. 
However, animals which had been exposed to the infection after thl! !irst few part uritions and 
which are still chronic carriers of the disease will give positive reac tions. Thus, it would be 
more dt!sirabk at least from a theoretical point of view to further evaluate likely associations 
by undertaking a cohort study. i.e . following camels with and without the disease over time. 
The significance of and interrelationship with other diseases, nutritional !~Ic lo rs and 
management conditions art! also worth to be studit!d in the future. 

6 CONC L US I ONS A N D R EC OMME N D A TI ONS 

Camel husbandry has been a recent exercise for {he major ethnic groups in the district , the 
Gujjis and tht! Boran, who otherwist! lIsed to bt! major cattle breeders. Blish encroachment as 
well as the versatile nature of camt:! to survive and to produce even ill the days of drought are 
the major iniliating factors for the beginning of camel keeping. llowewr, this start has bet!n 
thremened by camel dist:ases on which lillIe knowledge has been made available :'IS to 
etiology, diseases process and contro\. Surprisingly. ethnoveterinary knowledge of the 
herdsmen has had mort: impact on camel h.:alth than interventions. 

Among many diseases kno\\ n to affect camel and came! production camt:! trypanosomoses 
locally known as Dukane, is the most importnnt complaint of cnmel brct!ders. The 
investigations carried out in this particular study indicmed tllnt camel trypanosomoses is 
endemic in the study area. Age of the camel, season and ecological conditions are apparent 
risk factors for the disease. imponam is that in dry se:lson herds in rivt!rine art!as are more at 
ri sk of infection than herds ill lIon~riverine areas and that more cases of trypl.JIlosomoses were 
cncount\!red in th..: rainy St!asolls than in the dry seasons. 

Seasonal and age group differences and significant depression of pev between infet't(.!d and 
non-infectt!d camels ns detected by parasitological methods were observed. FUrlhl!l'lIlore, it 
was found th:lt concurrent infections \\ith trypallosomes and gastrointestinal helminths 
resulted in a significant depress ion of pev values when compared to single inf~cti ons of 
gastrointestinal helminths and to values of camels whic h were neither infecll!d with 
gastrointestinal helminths nor with trypanosomes. 

Helminths \\ere fOLmd 10 be very prevalent in the study area and there was also an indication 
that the EpG ou tput of camels infected with trypanosomcs was markedly different i'rom not1~ 

infected camels. 

Even though the EpG count was undert.1ken in dry se~lson gastrointestinal helminths might 
also be considen:d as Olll! CallS!! for the depression of )leV vnlues in s{; ronegative c~lll1d.s as al! 
negative camels were found to be exc reting eggs. As nutritional deficiencies, heavy tick 
infestation ns weH as chronic infections could kad to anaemia, the rl!al silllation remains to be 
investigated. 

Various production v.:-triables nre ~dso presented. No significant associations Wl!rl! apparent 
between crude mortality rnt!!s and ecological zones, herders experiencl,', managl.!!IIcnt units 
find the herd serological status. J-ligher offtake ratl-'s with high mortality rates in combination 
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with low birth rate in the preceding yea r ( 1996-1 997) are responsibk for a negative herd 
growth in the study year. Th is calls for a fu rther monitoring of camel production in the a n!rt. 

The mean age at fi rst calving and mean calv ing interval of camels we re fo und to be 5.9 years 
am! 2. 1 years. No association was observed between reproduction vari abl es and camel 
breed/type, ecological zones and individual try panosomoses serologica l status. 

The absence of proper animal health extension ilnd the indiscriminate LIS": of camel 
trypanocidal drugs often unde rdosed are major constraints in cam..::! health delivery in the 
study area. Thus, attention has to be given to provide sensible animal health l!xt~nsion 
systems, and ways have to be sought to do so urgently. Furthermore, longitudinal studies had 
10 be directed not only to TIYlwllusvlJla spp. infections but abo to other maybe equally 
important caml!! health problems to meet Ihe needs of camd pastoralisls with regard to 
veterinary health. 
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8. ANNEX 

Annex I: Herd Inv e ntor y S h eet 

Region 
Date 
District 
Pe:lsant association _ __ _ 
Zone/Ketena 
Herd Ref. No. 
Season 

Cod.: 
No Sex t\ge 

Physiological 
Status 

Ethnic group 
Herd ownership 
Household size ~=_-,---___ _ 
Herd investig:lIed (Typt!),_:--__ _ 
Uninvestigatcd herd (Type)'-__ _ 
Un investigated herd siLe ____ _ 

Clinically Appan::nt diseJsc 
Condition symptoms 

ANNE X 2: C lin ica l :lnd Para s itological S urvc y S h c et 

Region _____ _ 
Districl _____ _ 

Pe>lsanl association 
Zone(Kelen>l) 

Herd ref. No. 

Code Sex Age physiulogl ~JI CundluolL CllIl1c~1 o\'ner~ 

No SIJlu~ ~) IllplOlll diagIJo)l~ , , 
2 
3 , 

Key: Condition s!;oring 

I'CV 

SC>lSOll 
Oat<.: 

!'JrJ~illllugi;:.llliIlJlIIg~ 

Wd BCT Slleele~ 

smear 

Score I: marked emaciation, hump lost lumbar transverse process project promin..:ntly , ribs 
visible, dorsal spines appe>lr sharply. 

Score 2: ribs and hips and lumbar transverse process ck>ldy vistblt-. inJiviJunl dorsal spines 
pointed to touch, hump is barely visible. 

Score 3: ribs usually visibk, less prominent lumbar transverse process. dorsal spinl."':s no! 

visible but could be relt, animal is smooth and well cove red , hump is visibk. 
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Scon: 4: body is smoo lh and wdl t:ovl.!rcd, hump conspicuous, ribs nol visible covereJ with 
muscle, lumbar transverse process covered with muscle, 

Score 5: hump well developed, ri bs heavily covered with musch:, thigh, nl.!ck muscles well 
devdoped. 

Key 2: Physiological sta tus 
Calves «I year) = 1, Young male and females (1-4 years) = 2, Non flitti ng bull = 3, Non 
laclating and non pregnant female = 4, Rutting bull = 5, Pregnant and lactating female = 6 

ANNE X 3: B r eed in g F ema l e Hi s t ory S h ee t 

Region __ _ 
District ___ _ 

Peasant associUlion, ___ _ 
Zone (Ketena) ___ _ 

Herd rer. No. 

Interviewed person 
Owner 
Tender 

No. of births Breed 
Age No. of abortions _____ _ 

No. in herd inventory shl.!ct 

Blnh QITspring 
No. Dale 5" Ali ... e Curr<:nt 

(Season) stalus 
0 
I 
1 
J 
4 
j 

6 
7 
8 
9 

I. 

ANNEX 4 : Came l he r d h e alth q u es ti o nn a ir e 

Regioll ___ _ Peasant associUlion 
Zone (Ketena) Zone 

Districl Herd rer. No. 

I. What is the Illain activity you are engaged in? 

Mixed rarming (Agro-pas!Oralism) 
Sedentary pastoralism 
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2. PIOl of cult iva bIt land 
J. Years of experience in farming 

4. What type of livestock arc kepI by you thei r number and imporlance? (Excluding (.:amel) 

Type of Relative Owner Count '" Purpose 
livestock importance of informatio (rank) 

li vestock (rank) n 

1 Cattle 

2 Sheep 
) Goms 
4 Horses 

5 Donkeys 

6 Camel 
, .Purpose Includes milk, meat, draft, sale, secunty, bu rde n of beast and rldmg. 

5. How do you had your camels? 

Private herding 
Communal herding 

6. What type of herd management are yOll practicing? 

Management Callie Sheep Goat 
type 
Warm 
Forro 

7. What art! the main sources of drinking water for your camels? 

Ponds 
Traditional wells 

Rivers 

8. Who is herding the camels? 

Young boys 
Girls 
Adults 

Warra herd 

9. Where do you herd your camds? 

Form herd 

Camel 

Area Dry season wet Sl!ason 

1 Woockd plateau 
2 Woodt:o savannas 
, 

River banks , 
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10. What are the 10 top maj o r di seases affecting your came! herd? (According to the order of 

importance) 
(Use local names) 

1 ______________ _ 
2 __________________ __ 
3 ________________ __ 
4 ________________ __ 
5 __________________ __ 
6 ______________ _ 
7 ______________ _ 
8 ________________ __ 
9 ________________ __ 

10 ________________ __ 

J I. How many camels dicd!cu[]ed/sold/slaugIHered/Gift away/eaten by predator/Dead due to 
accident from your herd since last -------? (numerica l) 

No Age Sex Culled/ Deadl Reason of J f sick what are ReJll:Jrk 

Sbughtered dyin..yremoval the symptoms 
eIC., observed 

1 
2 
, , 
4 

5 
6 
7 

Remark: Calves bam and dead walun the year were recorded. 

12. How many camds were introduced (Born, Gift in and purchased) into your herd since lasl 

genna 

No. Age Sex Born I Purchased / Gift in Remark 

13. Did you treat your herd for trypanosomoses \ast year? 

Yes -- ----- ----
No------------
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14. I f yes what IS the frequency of treatment, season, age group treated and reason of' 
treatment? 

Frequency Season Age group Reason of treatment 

\3. How many cam~ls from your herd were treated with trypanocidal drugs last year? 

1-1. What was the result of treutment? 

• Success 
• 0 change 
• Death 

15. What type of trypanoc idal drugs are used in your area, the cost, source and \\ho renders 
the service? 

Drug t)pe COSt Sources Service rendered bv Quality of drug 

Cymelarsan 
I Naganol 

Oerenil 
TrypamiJium 

16. How is \ elerinary service rendered in your area? 

· Field service (Govt.) 
· Animal Health Technicians (village based)I ___ _ 

· Private practitioners 
· Community based animal health \\lorkers 
· The owner 

17. What are the traditionnl treatmenl methods for differe!1l disease, if there are any? 

No. Disense T raditionallrealmcnt Application 

1 Trypanosomoses 
2 Mange 
3 Helminthiasis 
4 Ccphalopsis 
5 Ticks 
6 Pneumonia 
7 Camd pox 
8 Abscess 



18 . How many breeding females have aborted during last year? (n uJllerical) 

19. What type of Ilics are known to transmit the disease , the ir seasonali ty. ab undum:e and 

ecological preference. 

No. Loca l name of fly Seasonality Ecological preference 

1 
2 
, 
J 

4 
5 

2U.lf flies are known to exist in the area what are the strategies 01" avoidance. 

No strategies 
Keeping away camels from the area at specific season 

Keeping away the camels from tht! area all the year round 

Remark 

21. How many years or experience do you have in camel keeping? _ _ __ ,(numt!rical) 

22. Ifcamd keeping is a recent exercise, what wefe the major reasons to start camel 

husbandry? 
l3ush encroachment 
lIigh milk production 
Beller ability to cope with drought condition 

Olhers 

23. What is your pn:sent educational stuws? ____ _ (nuillcrical ) 

ANNEX 5: E thn ovc tcrinar y Knowledge and Ill·aeti e e 

Sco p e of Ihe s tudy 
Camel diseases were rJnked according to the order of importance in each herd in the firs t field 
survey. Nevertheless, the exact histories of Ihe disease, disease process, aSSllmed CHuses. 
losses due to the disease processes , the clinical symptoms and the trealment and control 
employed against the di seases had no t been collected. As a mana of fact data wcre colll;!ctcd 
on the diseases or syndromes as perceived by herd owners. Thus, th is short presentation is to 

give a highlight on the diseases reported by the breeders. 

J mporluncc 
The paslof3.list ethnoveterinary practice is indispensable not only 10 make particular 
interventions based on drawbacks but also to incorporate important modern practices, <lnd to 

exploit the best OUI or it. 

Met h 0 1I 0 l ogy 
A questionnaire was administered to 15 herdsmen of different ethnic groups, out of which 4 
are 80rol1, 3 Gu)}i, 2 Ansi, 2 Cabra, 2 Gurra, I Dligodie and I AleriOI/{I . The questionnaire 
includes the age grou p affected, seasonal ity, disease history, morbidity and mortali ty, 
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assumed causes of the disease, th~ clinical symptoms, signs observed after death, tr~atm~nt 
employed and control of the disease or syndrome, if there are any. 

Que s tionnair e 

Locality 
Ethn ic group 
Local name of the di sease 

I. Age group affected: 

< I year -----------------
1-4 year ----------------­
> 4 year -----------------

2. Season: 

Genna 

Ado/e!>'sa 
Haggaya 

BOlllla 

3. Duration of illness and prognosis -------------------------------------------------------

4. When did the disease affected the herd in questio n lastl y?----------------------------------

5. How often the disease recurs in tilt: herd ------------------------------------------ -----------

6. Immunity 

No 
Short lasting 

Long lasti ng 

7. Morbidity ------------------

8. Mortality --------------------

9. Assumed cause of the disease by the he rd owners---------------------------

10. Symptoms obs~rved ------------------------------------------------------------

Appeti te 

Skin and lmir 

Lymphnodes 

Diarrhea 

Y(:s ----------

No ------------

66 



Type of diarrhoea 

Foul smell ing ------------- ----­

Bloody -----------------

Watery 

Coughing 
Dry coughing ------------------­

Moist coughing -----------------

Nasal discharge 

Serous -------- ----- -------­

~tllcoid ----------- --------­
Purulent -------------------­

Seromucoid ----------------

Other symptoms obsen ed 

I. Clinical 

1. Postmortem 

II. Treatment and control measure:; 

I\.lajor diseases reported by the herdsmen are described as follows: 

DtlJ..all l! 
S) nonym: Camel tr~ panosomoses 

Age group affected: th..: di:;ease afTects all :lge groups but common in animals old..:r chan one 
) ear. 

Seasonality: the disease is common in wet seasons of the year bUI also occur:; in dry season. 
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Transmission: Dukune is assllmed to be transm itted by smelling of urine and fal:ces of 
affected animals. 

Symptoms: According to camel herdsmen the symptoms generally include inappctallCC, and 
lagging behind the herd . Affected animals usually seek shadow areas, have a starring hair 
coat, a dark sk in color and occas ionally swelling of lymphnodes, diarrhoea, and coughing 
without discharge, in breeding females abortion, drop in milk production, late age at first 
calving and inc reased intercalving in terval are usually used in diagnosis. 

Control and treatment: Naganol was used effectively in the treatment of affected animals 
before it was out of the market. ;...·!ost of the camel owners treat affected camels with 
Berenil (Diminazene aceturate) intravenously (jugular vein). For adult camel one sachet 
(1.05g) dissolved in 20 ml of boiled water (sometimes only in 10 ml) is utilized. 

Diseases ChH:icter izet! by diarrhoea 

1. Dukaa 
This condition occurs sporadic311y in camel herds. The duration of the illness is abOLH 3 weeks 
afler \\hich the animal recovers spontaneously The symptoms are a cattle·like dung. decrease 
in milk production and loss of condition. Anthelminthic drugs \vere said to be: dfectiw. 

1. BuwhllShllKliie 
The disease is mainly seen in the tirst \\eeks of the rainy season. Morbidity is sporadic and 
mortality can reach up to 10%. All age groups can be affected, especially adult ones. The 
duration of the illness can be up to 3 months. 
The commonly obsened symptoms include inappemnce, watery diarrhoea. depression tlnd 

loss of condition. 
Berenil and anthelminthics are used for treatment. 

3 Albmhi 
The disease in young calves is commonly called alba/hi The disease is characterized by 
diarrhoe3, which could be foul smelling and blood-tinged. The disease is commonly 
associnted \\ith excessive consumption of colostmnl. Affected calves lose condition, become 
dehydr31ed and die at most 3fter 2 weeks. Camel herd owners usually restrict calves to a 
colosloralmilk intake in the tirst few days [0 avoid calf scour. IlowcVl'r, insuffic ient inta!"c of 
colostrom might be responsible for diseases o f new born camels. 

Diseases chanlCler il.cd by resp ira to ry sy mp toms 

J Fllri!Ergibiki~ 

Synonym: Epidemic Camel disease 1996/ 1997 

All age groups are affeued in any Sl.!ason. Morbidity can reach up to 100% .howe\t:r mortality 
is very low if tn:atcd with t!.!tracycJine. The very recent outbrl.!ak of lh\.! disc:1sC was obsc]'\'cd 
one year ago. As to Gabra nnd Som3li pastoraliSls with long years of experience the disease 
had appeared 20 yellrs befo re. Assumed cause of the disease is wind borne and it is snit! to be 
highly contagiolls. 
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In affected animals the appe tite is not depressed. Moist coughing which is seriolls at the 
beginning and later turns sero·mucoid, extensive swelli ng alongside the neck, the pharyngeal 
and the brisket region. 

Affected animals can be success full y tre:lted by intravenous injecti on or 12 tetracycline 
capsules dissolved in [0-20 cc of water. Penicillin is al so efrective in the treatmcnt of thi s 

condition. 

2. Ku/a 
Cnmels above one year are affected and kufil is seen in all seasons. Tho.! disease is sporadi c and 
mostly fatal. The symptoms incluck tremor, occasional coughing and inappt: tance. 
Control: segregation ofafTec ted animnl. 
Treatment: removal o flonsils. 

3. Dugalo 
It is not a seasonal disease and usually set:n in a herd every two to three years. All age groups 
are affectt:d and morbidity can reach up to 100% in previously unaffected hen..! . Death is rare 
if tre:lted. Recovered :lnimais have long lasting immunity . The duration of illness is one 
month and affec ted animals show inappetance, dry coughing and tn:l11or. Abortions also art! 

not unusual. 
Treatment: tetra<.:ycline capsuJI!S are commonly used. 3-6 capsules are disso lved in 10 cc of 
boiled water and then injecteu into yOllng and adult camels int ra venously. 
Contro l: A voiding COntact \\ ith affected herds. 

BOl Ol ie/ B agga/ Fllrllk 
Synonym: Camel pox 

Young camels up to 3 years are usually affec ted. ~\ more severe form of the disease nffects all 
age groups. The disease affects all previously unaffected camels. Mortality can re:!ch up to 
10%. The course of tho.! disease lasts for 3 weeks after which an animal recovers in most cases. 

Oiscnscs ch arac terized by nervous sympto ms 

1. Shenberkie 
This condition is seen sporadically in a herd. 70% of affected animals die in the lowla nd and 
20% in the highlands respectively.The disease is recognized by typical symptoms which 
includes lacrimation, running, excitement, madness, extended neck, recumbency, paralysis 

and death. 

Treatment 
Burning with hot iron on hind legs, hips and neck is the usual method for the IrC:ltmcnt or Ibis 
condition. Recovery is better during cold weathe r than hot weather. 

2 Godal/ike 
Adult animals are usually affected. The disease is sporadic and the death rate can f(:Hch 50%. 
Tilling of the neck is the most common sign. The lIslial treatment prncticcd is blJmillg with 
hot iron on the sides orthe neck . 
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J MelelagIMefr!l/ab 
The disease occurs sporadically with in a herd. 20-30% o f the affected animals di e. The 
duration of the illness is two to three months. The symptoms observed in affec ted ani mals 
include stiffness of the neck and looking up posi tion. Similar treatmen t is applied as for 
'Godankie' 

O ther d isc<l sCS 

KierikielKendecha 
Synonym: Swelling oflympb nod~s 

Occurs in all seasons but more common in wei season This disease is usually obs.:rved in 
animals bdow 5 years of age. According to pastoralisls Ihe CUtlst! are licks (Shelllllllie). The 
morbidity is sporaui.: and can reach 40%. The symptoms include generalized swelling of 
superficiallymphnodes, dry coughing and lameness. According to Gujji paswralists dark skin 
color, blackened muscle like that observeJ in black leg are sometimes seen. The duration of 
the illness is 15<?:1 days. The disease can be effectively treated \\ith tetracycline capsules and 
penic illin intravenously. 

Ko/ie!Elkof 
Young camels up to three years or age are affected. There is no apparent seasonality and the 
duration or the illness is up 10 tbft:1:! months. The disease occurs spor.:1dically and almost all 
affected animals die. 

The symptoms observed im:ludl:! lacrimation at the beginning, constipation, sunf.-en eye balls, 
and purulent ocular discharge. progressive wasting and even blindness. The Somali and Gabra 
pastoralists had some success by trcating afft:cted animals with anthelminthics and 
occasionally with tetracycline capsules. 

Ordiga 
This is n very common situ.:1tion during the ny seasons. As a consequence of biting Ilies 
camels usually kick towards their abdomen to get rid or the flies. As.:1 result of the trauma the 
abdominal nrea reddens and pregnant camels usually abon. 

CJzecJzebsa 
A disease cOlllmon in high milk producing camels during late gestation period. The disease is 
very serious in lowland areas. 
Frictional joint sounds which are easily heard when the animal walks are diagnostic aids lor 
breeders. As a n:sult stagg.ering gait, incoordination and lameness arc seen. Camel owners hnd 
reported the condition can easily be treat~d by cauterization of hind legs and hips. 

/\'!al'aIBIl'ka 
Synonym : Corynebacteriosis 

All age groups are affi:cted and there is no seasonality of this condition. This disease is 
characterized by enlargement and abscess formation of superficial lymph nodes, mostly 
prescaputar and supramammnry I) mph glands. 
Abscesses can also be found on other parts of Ihe! body and the mammary glands \00. Ilcrd 
owners reported that this condition generalizes and extends to internal organs eventually 
resulting in death of the animal. Abscessed lymphnodes are usually not im:ised by herd 
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owners, thus , it is not unusual !O obst:rvc an abscess which is as large as a foo t b:lll in some 

camel herds . 
In general when the herd owner suspec ts that an animal has gene rulized ma//(I the indigenous 
herb "Bergeofl' is uSeLi. The root of bergeoll bush is chopped into pieces and disso lved in five 
lite rs of water and is given ora ll y. 

ell ift vi DIIII (II (maa) 
Synonym: Contagious skin necrosis 

This condition is characterized by swell ings whic h are the size ofa fi st, mai nly on the sides o f 
the neck and hip. The swelling is hard initially and later necrot izes in the centre. The necrot ic 
area sloughs leaving raw or abscessed areas. Three or four swellings may be seen 0 11 one 
animal. The situation may gcneralizl! affecting illlcrnal organs and might resul t in the death of 

Ihe ;.ll1im:l1. 
The breeders usually cauterize affected areas with hot iron . 

ChilO 
Synonym: Sarcopt ic mange 

This is a disease characterized by scab tormation, itch ing and loss oCbody condition. Affected 
animals an! treated with acaricides alone or in combination with various local habs. 

Oubw 
Synonym: Polyarth ritis 

Dabw is a condition commonly seen in young calves up to 3 months of age. This situation is 
characterized by generalized swelling of joints (polyarthritis).This situation is invariably fatal. 

C omment on E thno vc t c rinar y Kn o wl c d g c 

Due to the fact that the pasto ralists live in an area which has harsh climatic condi tions 
government interventions are usually lower than in high lund ar\!as. As a matter oC r[let 
paslOralists developed their own wny of coping with the problems they encounll::r ill thcir 

daily life. 

The nomenclature of the dist:ases is based on the most common symptoms observed. Th us, it 
is therefore difficult to attadl a specific name (Synonym) to the symptoms described by the 
herdsmen unless investigations in particular cast:s arc carried on. llowever, lo r 
Trypanosomoses (Dukane), Sarcoptic mange (ChilO), Corynebacteriosis (Malia) and 
Contagious skin necrosis (Chiflo) the causative organisms are well known. For sOllle 01" the 
discas~s the synonym just indicates the most common symptom such as swelling disease for 
Kierikie. Epidemic camel disease for Fur; and for Kllfil and Ollgo/V respiratory disease. 

Different names are aHached to diseases characterized by gastrointestinal distu rbnnces. 
Neverthdess, the causative agents of each complaint are not well known. Diarrhoea in camels 
can be due to helminthiasis, bnlantidiasis, secondary complicati ons of TIYIUl//()SOIlIfl 

Infec tiuns, dostrilii.1i ~nterOlo;"\emia, paratuberculosis or othcr infections "hieh CQlIid Icad 10 

gastrointestinal disturbanccs. In new born calves colibacillosis, salmonellosis, rota virus 
infection and others are known to lead to diarrhoea. 
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Respiratory symptoms <In: major manifestations of complaints ca lled Fllri, Kufi' and DIIgaliJ. 
Morbilli-like virus and Pw:{"rellll infections were suspected to be the cause of the outbreak. 
However, the results an: inconclusive. The whereabouts of the disease for the last 20 years 
might call for proper investigation on this disease. The rap idi ty of the disease spread suggests 
a high ly contagious nature of the disease. Respiratory disease in camds might be caused by 
PasflIrella organisms, as secondary complications to trypanosoma! infections, tuberculosis, 
parainnucnza virus infections, lung occupying diseases such as echinococcosis as well as 
complications (0 other situati ons. The long lasting immunity in camels affected with DllgalO 
reported by camel herdsmen may suggest parainfluenza vi rus infection. Ricbard.( 1979) reklled 
Dugato to salmonellosis, influenZJ: and brucellosis. 

Richard (1979) related sJwllberkil! m C'l!plutlops'is fill/lIfor, Melelcd"bl! to acute form of 
salmondlosis and Gudullkie willI tetanus, Ilowever. the real etiologies have nOI been 
invcstigah:u. The cnebral form of T. e\'{lI1~i as well as closlrodial elll\:rotoxcmio. do :llso show 
simi lar symptoms described for S"enb~,.kil!. Listeriosis in camels also show symptoms similar 
to '\/eredllb. 

Etku/ is also another import3m complaint of camel breeders. Richard, (1979) has assumed 
alimc::ntary mineral deficiencies to be the cause of this condition. Helminthiasis as \\ell as 
clostridial enterotoxemia may also be rel ated to the condition. 

Furthermore the same author related Kic:rierkil! to anthrax, blacklt:g. and pasturcllosis, 
however with question murk. Dabta (PolyaI1hri lis) is actually a result of umbilical infections 
in newborns due to improper management at birth. 
Berenil is toxic at the recommended dosage of 7 mg/kg in camels but not to:o.: ic if 1.05g 
dissolved in I ~ ml of water and given intramuscularly. Berenil W:lS reported to hi! toxic if the 
dose exceeds 3.5 mgfkg NC\t:rthe\ess, the immvenaus application may call allemian for 
further investigation. 

Annex 6: Pur pose o f c:llnel k e eping a s judged h y 81 c amel herd s 
in Leb en di s trict , Dorcna zone Ethio pi :l. 

Purpose of camd keeping Mean rank -

r-.lilk 1.01 
Transport o -_ .) 

Sale of live animals 2.6 
r-.leal (Slaughter) 3.8 

Securit)''' 4.9 

Security: to keep and to build herd size of camels to cope up with any would be faced 
problems as well as drought condition. 



An n cx J t : Came l di seases a s judjed by 8 1 ca ll1 e l h erds m e n in 
Lebcn district , Borena zone , Oromi:1 re g ion, E thiopia 

Disease (syndrome) Score 
Trypanosomoses (Dllkwu:) 717 
Contagious skin necros is (Chifio) J94 

Respiratory problem (DugafO) 377 
Corynt:bactaiosis (malla) 353 
Nervous signs (Shltllherkie) 342 
Sarcoptic mange (Chilfo ) 327 
Swelling oflymphnodes (Kierikie) 322 
Diarrhoea (S/llIgdie) 275 
Camd pox (Bagga) 242 
Epidemic camel disease (Fllri) 201 
Progressive wasling disease (ElkOl) 124 

Method of scoring: 81 I lads men were interv iewed 10 rank the ten top co.mel diseases 
arfecting the ir herd from Ihe most im portant to least important. The ranks were changed 
to scores by ll1ultipling rank 1 by 10, rank 2 by 9, rank 3 by 8 and so on. Finally Ihe 
results were added to gd the score 10lal for each di sease. Thus, Ihe scores are used to rank 
the disease according Ihe order of imporlance in the study area. 

Annex 8: Map of th e s tudy :lr ca 
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