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AIl S T I~ACT 

The objecti ves of the pre;;ent study were (I) to determine the prevalence rate of Irypnnosome 
infections in the village can Ie populations of Metekel district, North-west Ethiopia, (2) to 
assess the prophylac tic aClh ity of isometnmidium chloride to natural trypanosome infections 
and (3) to monito r the trypanocidal activity of diminazene acelurate and iSo lllctamiJiulll 
chloride in mice experimentally infected \\ i[h trypanosome field isolak's . 

In order to ob tain info rmation on the prevaknce rate of trypanosome infections in the area anJ 
to identify canle herds highly suspected to be infected \\ilh drug resistant trypanosome 
populations. questionnaire surveys and cross sec tional studies wen: carried out from ~I an:h to 
October 1997 in four villages. The results of these studies showed that tf) panosomosis is a 
major constraint to livestock production in the area with an overall pr('vaience rat,,: of 17.2% 
(95% CI: 14,20.8). Trypanosol1w c:ungo/en:il! was the dominant species accounting fo r 47.6% 
of the overall infl!ctions. The o\'cr~1I1 mean rcv \'alue of the total c:lule t,,:sted was fount! to bc 
~4.9 ± 0.20°0. Pan.lsitaemic C31th: hat! significantly lo\\er mean pev \ ~lIlies (21 6:t D.·H) than 
ap.lrasitaemic cattle (25.5±D.21 ) (p<0.05). r. !oreover. the re is indis.::rimin.tte use of 
trypanocidal drugs and ~xposurt: of cattk in the area 10 subcurative doses of I r) panocidal 
drugs and farmers complaine about failure oftre:nment to cure infections in (;<lnie. 

Based on the results of the cross sectional stud) and the questionnaire, m'o villagc:> \\ere 
selected J"0r longitudinal field study on the occurrenCl! of drug resistant trypanosome 
populations. From these villages 50 Zebu canle naturall) infected with trypanosomes. 52.40

0 

of the infections being due to T congo/It/u!! , were sdt.:cled and Ire,lIed with a proph) lactic 
dose (1 mg 'kg bw) of isomctamidium chloride (Trypamidium ®. Lot No. U6962, E. Rhone 
Merieux). The findings in the field demonslrmed 6 (13°/0 ) relapse:breakthrough infections. alt 
of them b(;!ing T. congo/ensl?, within 4 weeks oftreatmenL Inlhe sam\! study 18 (37. t)Ou) aml 
25 (5000) relapse/bred"-lhrough infections were recorded \\ ithin 8 anu 1 ~ wed .. s of treatment, 
respecti vely. The result also indicated [hat 20 cases (80%) of the ovcmll rdapsebreakthrough 
infections we re due to T. c:ungu/e/lSc. 

Field isolijtes \"cre obtained from relapsc breakthrough infections one. two and thrt:c momhs 
after treatment and injected in mice. To conlirm the lield results and to stud) the ther:lpeutic 
acti"ity l)f diminaLent.: aCctumte in experimental animals, three field isolatt.:s of T ('IJIlgo/cme 

were ranuoml) seic:ctc:J from the relapse populations. Investigations \"ere conducted on thc 
sensiti\ ity of these isolates to isometamidium chloride (T r) pamidium ®. Rhone ~ lcricux} and 
diminazene aceturah! (Bereni l ®, I locchst). Mice infected and tredlcd \\ ilh ranges of dos;.::s of 
isomelamidium chloride and diminazene oceturate wcre follo\\ed lor relapse injections. 
Isolllctamidium chloride at doses of 0.5 to -t mglkg b\\ failed completely 10 cllre T 
congohmse infections. Similarly, diminaz,,:ne acelurate at doses of 3.5 to ~8 mg kg b\\ diJ not 
clear Ih:;:: parasites in all or tht:. mice inft:ch;d. Tht:rc \\ as a correlation of drug-dosage u::.t:d and 
the lime of relapse: mice treatt.!d \\ ith lo\\('r doses sho\\ ed relapse!) earlicr than mict: lrcntt:d 
\\ilh higher doses. 

llast.:d 0 11 Ihese studies it IS concluded thm the duration of proph) bClie a~II\'1t) of 
isometamidium chloride (1 mg/kg, b\,,) to trypJnosome populations cir~ulating in the study 
can Ie of Metekel region is less than I month. Tr)plIIIOSOIIIU wngo/ltllsi! tidd isobtts 
expressed resistance to both isometamidiul11 chlo ride and dimin<1zcne aceturalt: in mice. 
However, it was nOl kno\\n "ht.:ther this double resi stance \"as c:o.pressed by individunl 

vii 



trypanosome populations or by two different populations e<lch of which expressing resistance 
to one of the drugs. 

The results indicated that there is an urgent need to extend and inlensif) field and laboratory 
works to monitor the development of drug resistance of pathogenic trypanosomes and its 
impact on liwstock productivity in Metekel region in particular and across the tSdse inll.:sll.:d 
zone; o f Ethiopia in general. 
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I . I N TROD UC TION 

Trypanosomosis transmitted by Isetse tli es (Glu.'isintl spp.) is beli(;!ycti to be the most 
important inft!ctious t1ise:.lse holding back development of livestock production in Ali-ica. AI 
present it is estimated that approximately 60 million cattle arc at ri sk of inr~Clio n (FAO, 
1991). Economic losses due to trypanosomosis an; estimated to US $ 2 billion per yea r (I LR I, 
1996). Ten million square kilometres of the con ti nent are infested w ith tse tse !lies or which 
approximately IWO thirds of the land could o therwise be suitabk for li vestock. and/or mixed 
agricultural developmem (World Animal Review, 1983; lLR I, 19(5). and approximah.! ly 30% 
of the 150 million cattk in thi s area an: at risk of infection ((Iolmes, 1(91 ). Thus. ift.:ontrol of 
trypanosomas is cou ld be achieved then~ would be the potential, evt.:n at the curren t low rm~s 
of production, to incrt!.lsc m.::at supply o f the reg ion by approximately 16% and m il k suppl} 
by 17%, of tht! current production levels (O~ lI aa n rind ()ekurt:, 1991). In addition 10 Ih\! 
impdct oflr}panosolllosis on livestock production, -1 5 million pl.!ople in Africll an: ~still1<ltcd 
to be at ris"- of sleeping sidnt!ss (UNOIl/ World Dank/WilD. 1983). Sl~eping sic "-ness or 
human African trypanosomas is is st ill prt:sent in many Afric.:m coulltries. An ala rmi ng 
upsurge in sleeping sickness has been reported recent ly in sub-Sah3ran Africa where at least 
250,000 pt!ople are estimated 10 be carriers of tryp:mosomes (WIIO. 199-1-). It is thcse 
considerable social and economic reperclIssions that make control of this disease a priorit) 
ope ration for the devdopment of a large part of the African cont inent. Ilo \\\!\ er. Ihe cost of 
tsetse comm1, the lack of i.! field vrtccine. the limited pwspects of any nt!\\' tr),pJnol:ida! drugs 
appcnring in the future and the relat ivel) small llul11ixrs of trypnnotolcrant li\c~tock. make 

reliance on the curren tly available trypanocidal drugs unavoid3blc ncct.'ssity. 

In Ethiopia, trypanosomosis is one of the most import::l.!lt dise.1scs which contribute to the 

direct rtnd indirect economic losses on livestock production. According to ILRI (199j) m least 
6 million of the 30 million canle of the country are exposed to the disease. In thl.! tsets\.! 
in f>!:>led areas of the country the most prcvalent trypanosome species is T ccmgolt'llse 
followed by T ,,;\'(/x. Rowlands e/ at. (l993) repol1ed a pre\rlience rate of 37°0 fo r 
T c:cmgulimsl' in South· wcst Ethiopia. A recent repan by Abebc <Inti Jobr..::. ( I 996) indic<ltt!d ;.Ill 

infection rate of 58.5 0/0 for T congolense. 31 .2% for T l'l\'(/x and 3.5% fo r T bruce; in the 

tsetse infested areas of South-west Ethiopirt. In the s<!me report it is also indicated th.1t 8.71 0
" 0 

prevalence nlte was recorded in the highlands (tsetse free areas) of \\ hich 99% is du~ 10 

T v;vax. 

In Ethiopia. escalating costs and other problems of initiating and maintaining tsetse control 
campaigns led the livt!SIO(;k sector to be completely reli.1ilt on the lise or tr) prtnotidal drugs to 
both pr~\ention and control of the disease. According to the report of the l\ linistr) of 
Agriculture (1995) 1 to 2 million doses of the tr)pnllocid~lls ar~ administt:n.xi at the cost or 
somt' US S OJ· 1 million per annum (excluding illegal and NGO drug imports), Jlthough the 
dt.!malll.l is rl!corJl!d to 01.: Illlh.:h higher than this supply. 

Treatment and prevt:ntion of animal trypanosol11osis relies t!ssentiJ.II} on three drugs, mlll1d): 
Ilomidiulll (1lomidiull1 chloridc·No\ idiulll® and J 10midiuIll bromide·Ethidium@), 

diminal.l!nc acctllrat\! (Ikrcnil®) and isomctamidiulll chloridc (Samorin® , Tr) p;unidiulll®}. 
Ilow-e\er, almost all of these trypanocicics are gradually los ing their cflic.:ICY due to drug 
resistance (Williamson, 1970). Expcriment3l studies havc dcmonstrated the Ol'cu rrt:llcc of 
resistance in trypanosomes to both diminaz~nc (Jones·Oavies, 1967; Garber, 1968: J\ lv.'ambu 
and Mayende, 1971; Gi latha, 1979; Ainanshe el af. 1992) and isometnmidiull1 (Pinder and 



AUlhit:, 1 98..t ; Schondt.:ld t!1 01., 198 7; Cluusen c/ u/., 1992). This has also been conlirmed by 
sludic:s carrit:d out in the Ghibe Valley, Ethiopia (Codjia t!l al .. 1993; Leak d (fl .. 1993; 
Peregrine t!1 aI., 199-1; Rowlands el aI., 1993). lIowever, trypanosolllcs are usua ll y not 
resistant to both diminazene and isolllct:lI11 idium at the same timt: . Thus, tht.:se two 
compounds have been termed as sanative pair (Whiteside, 1960), and in instances of 
resistance to one drug the applica tion of the other drug of this sanative pair will usually 
control the d isease. However, recent reports on multiple d rug res is tance in Burk ina Faso 
(Clausen el (II.. 1992) and Ethiopia (Codjia c[ a/., 1993) suggest that the concept of sanative 
pairs might no longer be valid. This indicates a very serious developmen t which adversely 
affects the future of trypallosomosis control by a chemotherapeut ic approach using the 
trypanocides available. Thcrefon.:, the dist ri bution and degree or drug resislancc has 10 be 
careful!) lllonilorc:d so as to work OLl I the bt:st poss ible therapeutic strute~ics and/or alternative 
control measures. As a prerequisite (o r such undertaking, it is neccssury to firs t obtain 
informat ion on the occurn!nce of inJ~ction and the disease in the field. 

Tht: objectives or this study are to 
I. determine the trypanosome prevalence rate in cattle in tht: villages of the Metekel district, 

Ethiopia, 
II. assess the presence of trypanosome populations resistant to isornetameJiufll chloride in the 

villages of tile Mt:tekd district, North-west Ethiopia, 
III. monitor the trypanocidal activity of diminazene act:turate and isometamiJium chloride in 

mice expt:rimentally inf~cted with T congolense field isolates and (0 

IV. define appropriate measu res for controlling drug resis tance in the field. 

2. L ) T E )( A T U R ERE V ) E W 

2. J Af"ic:l II Try p :llloSOlllos i s 

African trypanoso mes are protozoan parasites causing trypanosomosis in animals and mall. 
Thq are predominantly parasites of the blood but may exist in other sites or the hody such as 

the skin, lymph nodes or the central nervous system (eNS). where they can give rise to tht! 
distinctive sequel oftrypanosomt! infections. 

Trypanosomes belong to the gt!nus TJ)paIlOsol1la. l3ased on their difference in the course or 
development in their vectors this genus is div ided into Stcrcorari<l and S<llivaria. Spl..!c it!s of 
the firsl group complete devdopmt!nt in the te rminal gut and are transmitted in the faeces of 
Ihe vector. Species bdonging to the sa livarian group complete their devdopmclll in tht.: 
anterior part of the digestive tract and are Ir.:msmilted via the vec to rs' saliva. The pathogenic 
African lrypanosomes bdong to the later group. 

The main pathogens in this group Jati into four subgenera : DIII/vndla (species: T,)'!){IIW.WJII10 

(DullOnellu) viva.\'; T. (D.) IIlliforme); NmmomonCls (speci:::s: TI)pano:folll(l (Ntll1llol1wlltI.\·) 

C:OlIgOlr.!llSC, T. (N.) sim;w.:); fyef/oll/olluS (represented by single species T .\/Iis) and 
7'rypwwzrwn (specit.:s: TrYPllllo.WJ111U (Iiypmw=oon) hrllcd; T (T ) r/lfu/': ,ri£:I1(,£: . T(t) 
gUll/bicns£:; T (7:) t!\'{/!!si. l' (T) equiperdum) (r.lutiigan. 1970). 

Trypanosomosis in Africa is mainly restricted to arcas in which the vector. Ihl! tsetse' /ly 
(Glossina spp.) can surv ive. In the vector the trypanosome changes through sevcr;:d 
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morphological distinct stages ulltil it reaches the nll.:tacyclic Siage which is inrt.'ctivt: for 
mammals. Il uweve r, trypanosomosis is also fOUllJ in an:as Qutsidl.! the habitat of the tsetse Ily 
including countries outs ide Africa. In these are<lS the disease is mechanically transmitted by 
biting Oies or genus TohflJlIlS, /-Iaemaropo/({, ChrY3·op.\·, Pangollia or S/Of1/0XY3' specit.'s. This 
type of transmission has caused the spn.:ad of T eVlIllsi but may also playa rok in the 
transmission of T viI/ax, outside the tse tse belt. 

The most pathogenic trypanosomes for ruminants arc 1'. ClJllgo!en.\·e and T vivax. 

T col/go/ells/! is responsible for the 1110s t important form of animal trypanosomosis in 
domestic mammals such as cattlc. horses, sheep, goats, camels and pigs. as wel l as dogs. The 
manifestations of the disease vary according 10 the strain and host of th~ parasite, being 
generally characterised by fever. anaemia and cachexia. T cOllgolellse occurs th roughout the 
tropical regions of Africa wherever tsetse flies arc present. T vivax is p,:uhogcnic to various 
domestic ungulates (catt le , sheep, goats, horses and camels). The di sease is characterised by 
fever, anaemia and cachl.!x ia, as well as paralysis of the hind-quarte rs. T vive/x is widely 
distributed throughout trop ical Africa wherever its tsetse-vectors are found. This species has 
also bec:n introduced into distant countries outsidt: Africa (Mauritius. West Indics, Central and 
South America) (Mulligan, 1970). 

Report from the tsetse infested area of Ethiopia indicated that T congo/ens!! IS the most 
prevu!t:nt trypanosomc species (Abebe and Jobre. 1996: Rowlands cI al., 19(3). 

Sleeping sickness or human African trypanosolllosis is present in Illany Africi.1il countries. The 
chronic form caused by T (T) b. gambiellSc is mainly found in West and Centre-d Africa whik: 
the acute form caused by T (1:) h. r/zodesiellse predominantly occurs in East Africa. Neither 
l' (T.) b. gambien\'e nor T (T) b. rhodesiem'/! can morphologically be distinguished from T 
(T) b, bruce; which is not infective to man but only to animal (Schart.'s and tvkhlitz, I e)96). 

2. J • J i\Jorphulogy 

2. J • J • J TrYPUIlOS(Jl1ltl (Nn IlIlOI1l01Ias ) cO llgo/ ellse Brudcn , 190-' . 

The trypanosomcs of this subgenus have a range in total length of 8-24~llll. There is no Irec 
flagellum at any stage in the lire cycle, an unusual characteristic; the flagellulll thus terminatt.'s 
at the anterior end of the parasite. The posterior end of the body is usually rounded but can be 
sligh tl y pointed in longer parasites. The Illl.!dium-sized kinetoplast is usually in a marginal and 
sub-tc:rminal position. T cUlIgo!eme is ant! of the smallest trypanosomc:s with a mean length 
of 12-17 pm. T simioe, the porcine trypanosome. is more pleomorphic in its characteristic 
nnd the mean length is 15-19~lm, slightly longer than 7: clJllx()lellse. NWlf/o/l/lJllw' 

trypanosomes are very active in fresh blt)od films but do not tend to move far across the 
microscope field. They also demonstrate agglutinating properti~s by tending to ndhcre to each 
other as well as tu l10st ti ssue ill vivo. (Molyneux and Ashford, 19}i3). 

2.1.1.2 TrypillIOSOlflfl ( Dul/one/fa ) Vfl'(fX Ziemann, 1905 

1: (OJ l·iV{fX Ziemann, 1905, have a mean length of 20-26 mill. a long free nagdlullI and a 
Inrge terminally placed kinetoplast (V ickerman, 1978), distinguishing it from the other 
pathogenic salivarian trypanosomes. T ViWL\' is a very mobile and "'lively" parasite. "Dashing 
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around the licld of th~ mil.:roscope with such rapid ity that it makes it imposs ible to fo llow its 
movemt;:ots" meoliom:d I3 ruce ef fl i. ( 191 0). 

2. I . 1. 3 TrY PflI1 0S0 ma ( Try p fl U IJ ZIJO Il ) b ru ce ; P I i IIIlIle ran u 
B r auforu . 1899. 

The blood fo rms of T. brllcei measure frolll 11 · 39 mm in lOtal kngth . They are typically 
polymorphi..::, bt! ing n;presen ted by three fo rms: (n) slender fo rms (mcan h.:ng lhs 14· 39 1ll1ll) 

possess ing <1 long fn::e lhgd lull1 and <1 weJl·deve!oped undulating membrane, d ongatl.!d 
nuclcus, subtermina l kinetoplast and narrow posterior end drawn out to a bl unt point or 
sometimes truncated; (b) stumpy trypanosomes (mean lengths 16.6·20 mill) which are stout 
and usua ll y without a li·et! fl agell um. undula ti ng membrane well dt!ve lopeJ , nucleus roull(kd 
(displ<lced 10 the posterio r end in postcrionuclear forms), kinetop last near broadly rOllnded or 
obtuse ly pointed posterior end; and (c) intcrmedi:lte forms (mean lengths 14.39 111111 ) in which 
the flagel lum is ShOrll!r, thl! pos tt:rior end blunter and the kine toplas t nearer to th is ex tremity 
than in the slcndc: r furms. The kinetop last in TI}'Ptlflo-:::oon is smalle r thn n in any of th~ other 
salivari:m trypanosomcs. Animal and human infec tive T. brucei are morphologica ll y 
indistinguishable (Mulligan, 1970). 

2. I. U Trypallosoma (PYCUOtllOll flS) s li is OelwulIIn , 1905 

The total length of T suis has a rang\! from 13-19 pm (mean 16 ~lm) with a no rmal 
distribution, indicating that this species is monomorphi(. r\ free Ihgellulll is typically pres~n l. 

Its body is v!! ry broad and short; the posterior I.!lld usually termi nates in a shon point. but 
sometimes it is roundt:d. The small kinClUplas[ is usually situat~d l1e~lr the postc:rior end and in 
the majority of cases occupies a marginal position. \\ hile the voluminous nLJckus lies in the 
anterior part of the body and the undulating membrane is conspicuous (ivlulligan, 1(70). 

2 . 1 . 2 E p id e mi o l ogy 

The epidemiology of African animal trypanosomosis IS highly dependent of (he pnrasite. 
\ ector and host factors. 

TI)lpW10SOma species occur in a remarkable v:lriety of geno types with differing strains 
virulence. immunogenity and response to c hemo[h~rapellti( agents. The sevcri [~ ofth~ discuse 
also dt:pends on the species and strain of trypanosomes involved. For instance, T. vivax and 
T. cOllgu/ense are kno\\11 10 haw high virulence:: in callie. Certain isolates of T viva.\" in Enst 
Africa cause severe, r3pidly fatal disease with characte ristic haemorrhag ic s)l1droml!, \\ hill.; 
T. brllcei has high virulence in horses, donkeys and dogs. 

The fact Ihm the parasite illl~cts not only cattle bUI also and even to a greater extent wild 
animals which constitute the reservoirs of the disease, makes tht; epidemiology or imimal 
trypanosol11os is extremely complicated. The nnimal hosts difl~r in their response to 
tr) P:.lnosomc infection dt:pending on the species, brt:ed and individual animals. ThL' kvcl of 
anill13! husbandr) pmcticl.!s, nutritional status. work load and stress exacerbate the severilY or 
the disease. 

The degree of risk to whieh domestic animals are exposed depends on the species and dellsity 
of !.he tsetse present, inrection rate in the tsetse, species and st rains of IrypJnosomes, sources 
of these in fect ions (wildlife:: or domestic ani mals) and feed ing prefe rt: nccs of the fl ies. The 
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ex len I 10 which tht: Ilies transmitlhe di seuse dcpt:nds on the species oflivc~lo(;k whidl is thcir 

sou rce of food (i\ lacLennan, 1970). 

2 . 1.2 I Tran s mi ss i o n and di s tributi o n 

In animals, trypanosomes art.: either transmitled acyclically by haematophagus flies of the 
genus Tabanus (Surra, Mal de Caderas, South American trypanosomes) o r cycl ically b~ the 
tsetse flies. Nkchan ical transm ission of African animal trypanosol11osis may bl! important in 
some localities. Acyclically, however, the pathogen can a ni) be carried over a short d istance 
since it will surv ive on ly for a short time on and in the proboscis o f tht: Tllblillit!m:. In 
contrast, the transmiss ion by tsetse: flies is a complex mechanism in \\hich the tsetse fly 
remains a lifdong carrier. Seifert (1996) sllmm,uised the trans m iss ion and interehJnge of 
hosts of African lrypanosomosis \~hich is transmitted by the tsetse Ilies as follows: 

- The betse fly gets infected \\ith the trypomastigote blood from which loses its surface COM 

in the goitre of the fly and, \\hile remaining there for at least olle hour. restructures its 

mitochondriulll 
- The trypanosomes enter the mid gut \\here the} transform through lengthwise division into 

the epimastigo te form in the cardia 
- The trypanosomes penetrate the haemocoe! \ iJ the peritroph membrane and the midgut 

epithelium and move from there to the saii\'nr} glands of the tsetse 11) where the} de\l.!lop 
into the metJcyclic infectious trypomastig,ote form which has no\\ got its surfJ.t:e coal. 
Because of the complicated development of the trypanosomes within the tsetse fly. only 
about O. I -0.4 % of the flies are infected and thus are poten!ial WClOrs of trypanosomosis 

- After the \ertebrate host has been infected by the tsetse ny, s~ngamy takes place: the 
trypanosomes become haploid and multiply through length\,.,ise Jl\ision. 

The distribution of the tsetse-transmitted African trypanosomes is gO\erned by that of their 
tsetse vectors, i.e. roughly between 15' i'! and 25- S latitude in tmpical Africa (i-Ionre, 1957). 
Apart from cyclical transmission through Glvssma spp .. T \'im:r has the capacity 10 be: 
transmitted mech::lI1ically by other blood sucking diptera sllch as horse -Ilies l Tabanidae) and 
stable-nies (Stomoxys spp.). Mechanical transmission c\.pbins thc oCl.:urrc:nce of T \ ' iVlIX 

infections outside Africa; and it has becn reponed from the island of ~Iauritius (Adams. 
1935), the Caribbe:1Il islands of Guadeloupe and i\1aninique and the SOllth Amcricdn I11Jin 
land (Wdls, 1984 ) and in cases of T \'iv.o: infectio n in Africa in arca~ outside the b..:t~e bell 
(Roeuer Itl til., 1(84). This spread in distribution has cOllle about by mo\cment of Illkctcd 
cattle and the ability of T \ ' i\'(Lt" to be tr:lI1smitted by biting insects other thun tst!bc (I loure. 
1972). 

2.1.2.2 l'al h u~cl1cs i s a nd h os t s u sccJl [i b il it~ 

Infcl.:tcJ be-iSe Ille!) inocubtc mdac)dic tr)p;lIlO~omt:s into th!.! ~kin oj' animals \\!Jl:r..: the 
Ir) panosomes grow for a fe\\ days and cause localised s\\elling. The) emer th!.! I> mph nodc, 
and then the blood stream . "here they di\idc rttpidly by binar~ lissiull. The Ir)panOSOlllcs 
exert Ihdr el'fe..:t by Illultiplying, r.tpidly in the blood sln:;Llll, causing dis~":lllillall.:d 

intravascular coagulation anti then entering and blocking capillaries causing ischemia nnt! 
allJcmia . In T c:ongolcII.H: inlcdion, the org,anisl1l!) bind to endo thelial cclls and local is!.! in th..: 
capillaries and small blooJ vessels (Blood e( (II . 1989). 
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TI}PCII10SUIfI(I c:ongulc:ns~ is the most important pathogenic trypanosome affecting cauk in 
Africa There are many difft.:rent strains of thi s organism and they vary considerably in their 
virulence. In West Africa, T congolellse trypanosomosis in cattle is generally regarded as 
being:1 relati vely chronic disease \·.hereas in East Africa it may be seen as an acute, subacute 
or chronic disease. The deVt:lopment of these trypanosomes in tsetse nics wkes plact: in the 
midgut and proboscis (Hoare, 1970). 

Practically all domestic mammals are susceptible to infection with T congolense, tilt.: effects 
of\\hich vary considaably acco rding to tht: st rain of the parasite anJ the physical condition of 
the host. Thus. in most ungulates (catt le. sheep, goats. equines and camels). as weI! as in dogs, 
the disease mil) be al.:utt'. chronic or mild , \\h ile in pigs it usually runs a mild course (Hoare. 
1970). T congu/e1l.H! is infective to laboratory rodents \\hich are therefore commonly used for 
the detection of infc:ction in domestic animals. Ilowever, as in the case of naturnl infections, 
there is much \ arintion in the \ iru lence o f different strams for bboratOf) animals ( lioare. 
1970) 

There is a general understand ing Ihat T ViWIX from East and Wesl Africa diff~r in their 
pathogenicity and \\ilh the t!"\ception of haemorrhngic s),ndrome which aCl.:ompanics some 
T Vl\'clX infections, East African T vivax tends to produce a milder disc:lse \\hich Ii\\!stock in 
good condition can resist (Gardiner and \\.'ilson. 1987; lIoare, 1972; AnOSil. 1983). Though 
this geographic demnr~ation of \ irulence is gener.::lIl} true. there ar~ se\ eral reports of an 
extremely acute form of T \'il'{u' infection in East Africa c.lOsing a hacmorrhagic synd romc in 
callie (1'vJwongeb Cf ai , 1981, Wdh.le t!I ((I . 1983). 

Trypcmosollw brucei lIlulde tissues ilnd resuit in tissue damage in st!\t'ral organs. T hrlln'i is 
also belonging to human trypanosomes causing sleeping sickness in human beings. The 
immune response is vigorous and immune-complt!xes cause infl<lmm.lIion. which conlributt' 
10 the sig.ns and lesions of the disease (Blood c'i al. . 1989). 

When an animal is infected \\ ith trypanosomes. antibody againsllhe surface (;oa1 is made and 
the If)panOSome is killed. The probkm is thalthese trypanosomes ha\'e multiple genes. which 
code for different surface proteins: this allows organisms with a nev. surface co;.11 gl)coprotein 
ItJ etude the immune response. This process is called antigenic variation and results in the 
persistence of the organism. The number of antigenic t)pes of glycoprotein that can be made 
is unkno\\ Il . but exceeds several hundred. Amigenic \ariation has thus far p!'t:\el1ted 
de\elopmem of a \ accine and permits reinfection \\ ht:11 animals are biuen by tsetse tli~s 

carrying trypanosol11t's \\ ith surface coat glycoproteins of a ne\Io antigenic type (Blood el (II., 
1989). 
Genetic resistJnce to animaltr) panosomosis has been :mributt:d to ccrlJ.in breeds of li\cstock, 
most notably to the indig,cnous \\'est African i'-!'Oama (~ I urray 1:1 al. 1979). This rt:siSlJncC is 
manilt:sted by the N'Dama's ability to \.\ithstJnd the adverse effects of trypanosolllosis by 
regulating parasite gro\\th; their abilit> to prevent or reduce the rate and dcgree of 
development of anat:l11ia (Murray. 1988). Therc is e\idenct: that tr)panotolertllH.:c has a 
genetic basis and may be inherited as dominant trait (Trail el til.. 1989). !\ be tier 
unJersl<mdillg or the mechanisms imol\cd in tr)pJnololerallcc coulJ ail.! in the rC~L·an.:h lor 
gem;tic markers that could be U!::ieJ for the sdccti\'e breedin!! of resiStJll1 caulc. 
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2.2 Diagnostic me t hod s 

Accurale diagnosis of trypanosome infections in livestock is required for a proper 
appreciation of the epidemiology of the disease in any geographical locality and [or assessing 
the need for, and efficacy of treatment. Ilowever, high parasitacmia are usually evidl.!nt only 
in e~1rly infections, and in the chronic ph::tse of the disease parasites ma) apparenlly be absellt 
from the blood for long inter\als. 

Further, since the sensitivity of the different trypanosome spccies to the available 
chemotherapeutic agents often varies (Williamson, 1970; Leach and Robl.!rts, J 9g I). and 
mixed infections in the field are common (Hill and Esuruosu, 1976), diagnostic methods \\ilh 
higb Jegree or sensitivity (preferably detecting act ive infections r<uher than hust responses) 
and specificity are required. l3esiJe clinical diJgnosis. di rect (parasitological) illld indirect 
(serological) diagnostic methods with Vaf) ing degrees of sensitivity and speL:ilkity afe 
available. 

2.2 . 1 C linica l diagnosis 

In general, diagnosis of trypanosome infection on the basis of clinical signs alone is rather 
difficult. but haematological parameters like rcv could be reliable indicator:i of the progress 
of Ihe disease. Tht.: disease ShO\\5 a \arielY of clinical nWllifeslD.tions v.hich an: also common 
to other diseases. The fact that the disease may rlln an acute, chronic or sub·clinical course 
further complicate tht: diagnosis of ti}panOSome infections on the basis of dinie-al signs. In 
gent:ral, ft:\,t:r can bt: observed \ .. hich may be intermittelll due to the variation in parasitaemii.1, 
amI if the animal survi\es the disease b;:comes chronic and there is de\ e!opment or anaemia 
and emacialion (Blood eI at, 1989). This. therefore. makt:s levt:r, allJcmi3 ami body condition 
importam parameters which are routinely used for the tentative diagnosis of tryp31l0S01ll0sis 
in areas wher~ this dise:ase is endemic and laboratory st: rvices are not available:. Ddinitivt: 
diagnosis of Ihe dise~lse i.s ultima!d~ d~pelld~nt on tht: detection of the IrypnnOSoll1t: in blood 
samples from infecteJ aninmls. 

2.2 . 2 P il r;\s i [ 0 l og i en I d i:lgn os is 

Parasitological diagnosis is Ihl! direct demonstration of tht: parasitt:s 111 blood or k'ss 
freqw:ntly in othl."r body lluids (using a microscope). The scarcity of parasitl."s and the 
nuctudting nalUl\: or the parasilaemia limited the usc of laburJtol") tests hilst:d on 
demonstration of trypanosomes in accessible body tissues slich as the peripheral blood 
(Doyle, 1977). Therefore, several techniques for the concentratiun of blood tr) p~lIlosomes 
have been developed, which increase the chanct! of tr) p~l!1OSOl1le detection. 

2.2.2.1 l-Ia cll1a tocrit Ce ntrifugation Technique ( I-I C T, \\'(10, 

19 70, modified by ~ l ehlitz, 19 78) 

A microhaemmocrit capillary tube comaining 70 ~d of blood is centrifuged for eight minutes 
III 10,000 g as for mc:asuremenl of PCV. Two rectanguLlr piecc:s of gluss from U :ilamlilrd 
microscope slid!.! (1.2 I11lll thick) were Iixl!d 1.5 mm apart on a mil:roscope slide. The pn.:pan...'J 
capillary tube is then placed in the slot ami a drop of immersion oil put on top of the capillar) 
tube. The oil filled the space bel ween the capillary lUbe and the t\\O pieces of glass thus 
redudng the dfel:t of light defraction. I3y slo\\ Iy rotating the lube the bully coal p];.lsma 
junction is examined using a long working distance (6.7 lllm) objt:ctive \\hich nllows 
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considt.:rablc depth o r focus through the capillary unl ike thl.! standa rd objec ti ve \\·Ilcre the 
average working distance is approximatc ly 0.5 mm. Depending on the trypanosome specit.~ s 

the analytic sensit ivity fb r this method is 1-5 x 102 trypa nosomclllll o f blood. 

2.2.2.2 C apillary Co nccntr:ltion Technique (CCT, \Vn lkcr , 

1972 ) 

Because of the lI!ndency of T congole11.'1e to be retained amongst red blood cd ls. th is 
technique wa;> des iglll.!J to creatl.! a large differential density between the red blood cells and 
the parasites. This was achie\ cd by mixing inft.:ctcd blood with a strongly hype rt onic non­
toxic medium (Walker solution). This l1li.llk it possible to alter the specitk gravity of the 
erythrocytes. On centrifugation the dense r rcd cells separak frolll the trypa nosomes which 
displa) no rmal motility. Equal vo lumes of diluent and blood are mixed on a micro titre 
titration plate. Alh:r be ing allowed to stand for a minimum of 15 minutes pla in c3pi ll ary lubt:s 
are three quanl.!r filled from the \\ells, Sealed and spun fo r 2 minute in a microhacol11atocri t 
centrifuge. On centrifugation, the denser red blood cells separate from trypanosomcs which 
display normal motility. The capillary tubes are placed on a clciJn microscope slide (up to 12 
at a time) and the buffy C03t zone covered \\ ith a few drops of diluent beneath a coverslip. 
lhe capillarit!s nre eXJmineJ '\lilh the same microscope set up in IICT. This techniqw: is morl! 
sensiti\e than IICT in the detC'ction of T congo/elISe. However, it needs more lime to pr!.!pa re 
the samples and PCV can nOI be measured at the same time unlike with I leT. 

2. 2.2 .3 Dark gr o und / pha s e co ntra s t buffy c o at te c hnique 
( Murray el a/. 19 77) 

The buffy coat zone prepared in a microhaem<Hocrit c3pillary tube filled with 70 ~d of blood 
and centrifuged for 5 minute at 10,000 g is examined for lI)p3110S0mes by cutting the 
capillary tube to include I mill of erythrocytes and I cm of the plasma. The buffy coat is 
poured on a slid!.! and covered with a 2:2 x 2'1 111m coverslip. The prepamtion is I!x<Hninl.!d 
using a microscope with a phase COlHrast and dark ground illuminalion. Tilt.: lise of lOx eye 
piece in combination with a 25x objt!ctive gives optimal vie\\ ing, by allowing large visual 
fields and sufficient magnification for ready identification of Irypunosomes. This technique is 
the Illost sensitive of the pnrasitological tests for the d~tt!ction of T. congo/elise and T. \'iWlx. 
detec..:ting tryp:mosomt!s to nn estimated level of just over 102 parasite'S per ml. In <1ddition, 
species idl!ntificatiotl on the basis of size and movement is easier to assess (Paris el til.. 1982). 

2. 2 .2. ~ ~Iiniatur c- :lni o n C,," Ch :llIgC Cc nlr i fugaii o n T e chnique 
l m - A EC T, LUlll s d e ll e l 11 1. , 1977, 19 79) 

Anion-exchangl! columns can be prepared using 2 !TIl disposable syringes filled with DEAE­
celilliosc (DE 52) as described by Lanham and Godfrey (1970). The column is primed by 
filling to the brim with phosphate salinl! glucosc butTer (PSG) and allowing [0 drain twicc. 
The PSG with an ionic strength of 0.145 \\as eonsidt:red appropriatt! for Bovine blood 
(Lanham and Godfn!), 1970). The blood sample ( I 00 ~d) is then dischargeJ from a capillary 
tube and th\.~n drained into the DEr\E-ccllldosc bed. roUl" drops of PSG (i.e. it PastclII pipl!ttc 
containing approximately 2.5 Ill! PSG COlllll.!Clcd to tht! column through a pl.!r1orated S) ringc 
pi:;lOn). Th~ dUh! is collected in a prepared centrifuge tube. When drainngl.! stopped this tubl.! 
is centrifuged :l.t 525 g for 5 min. The drawn oul lip is exarnilll,;;d microscopically for 
trypanosomes under a coverslip with PSG using the optical system t!mployed for the I leT and 
CCT. The analytic sen:;it ivity for m-AECT is 10 trypanosomes/ml of blood. dert!nding on the 
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trypanosomt: specil.!s. The principlt: of this tt'l.:hniquc is tha t red blood cells have a strong 
negative charge on the surltlCe and the trypanosomes have a lesst:r negative dmrgt: . Cellulose 
is positively charged. Whl:!n the red blood cel ls and the trypanosomes arc passed through the 
cdlulose column, the RT1rs are re tained and the trypanosomes with a ksst:r negati\1.! chnrge 
pass through the column into the pas ture pipette. Phosphat!;;! which is negatively charged is 
used to reduce the strength of the positive charge on the cellulose, so that it can allow the 
trypanosomes to go through but retaining the red blood cells. 

2. 2 .3 S er o l o gi c a l diagno s i s 

Serological methods are playing an increasi ngly imponant ralt: in the diagnosis and 
epidl.!l1liologicul assessment of trypanosomosis. Paris (!I uf. (19S2) st ressed that the 
serodiagnostic techniques that were in lise depended on the demonst ration of cin..:ulating 
antibody and as a result they coulu not by themselves confirm an active infection. Antibody 
ELISA ;)nd antigen ELISA arlo! the methods \\iddy uSt!u (urrentty for the diagnosis of cattle 
trypanosomosis. 

2,2.3. 1 A ntib o dy ELI SA 

This test has been ust!d in the diagnosis of Irypanosolllosis and is based on the dl.!tcctiotl of 
anti-trypanosomal antibodies in thl;: sera 0f diseased animals. LucJ...ins and ivkhlitt.: (I (76) 

used microplate-ELISA system in tht:ir study of Bovine trypanosomosis and found that cattle 
developed positive ELISA values after infection. but it was not pvssible to dilTcrentiatt! 
between T viv(/x, T (;ongo/el1se, T. brllcei or T. rhodesiel1s~. Moreova, the serological tests 
in curren! use suITer from a lack of well defined amigens necessary for designing simple and 
accurate tests that are easily adaptJ.ble fo r field use. Secondly. the detection of anti­
trypanosomal nmibodies in serum cannot distinguish bt:t\~een an active inft'ction and a cured 
one (Voller, ,1977). The k:ngth of time taken for antibodies lO dis:.lppt!ar from circulution after 
a successful therapy of cattle is not yet clear. Thirdly, the pres!.:nt st!rological tests are not 
suffickntly specific (Q reveal conclusively the identity of the infecting trypanosoma! spec ies 
(Nanlulya, el uf., 1987). 

2.2.3.2 A nt ige n EL I SA 

The detection of circulating trypanosoma] :.llltigens may be a more scnsiti .... e 1l1t!3ns of practical 
diagnosis and could increase the reliability of detection of current inli:ction in animals. It ma) 
also be more useful since it does not requir..: <lccess to fre::.hly collected blood as it is IH':l.:cssary 
for the classical direct detet.:tioll methods. The test may also oflt:r means by \\hich it would be 
possiblt: to detect the relapse info:ctiolls in animals undergoing tr) panocidal drug therapy 
during n period at whil:h it is not possible to isol:llc par,lsitc rrom the pcripht!ral circulmion 
(Rae an" Luckins, 1984). 

Species·specilic monoclonal antibodies, produced against procycJic forms or T. COIIJ;:o/em(..'. 

1'. hr/lc;ei and T rJwdesiellse, wen! lIs~d to dt:velop antigcn-c:lpturc enzymc-linked 
illll1lunosorbent assays (ant igen ELISA) for the diagnosis of bovine tryp~lIlosoll1osis (Nantulyn 
el al., 1989). Such species-specific, sensitive, simple and practical antigl!11 UdCClioll tests 
could be used for large scale screening of animals and lilus, were of tremendous benefit to 
sero-epidemiological investigations. Nan tulya ef al. (1989) showed that circulating antigens 
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Il!nd 10 decl in~ with the insti tuti on o f efre!.: tivc chcmothernpy. I lowcver, sO llie of the animals 
showed a sudden rise in antigen levels several weeks after trea tment. It is highl y probable. 
dcspit!.! the absence of dl.! t!.!c table paras itaemia in the peripheral blood, that the antigen risc 
was due to rclaps!.! o f infr.:c tion. Thus, ant igen-t rappi ng assays are likely to be useful loo ls far 
use in the follow up of tr!.!atmen t 10 assess the efficacy of the drugs lIsed (Nal1tuly<l e[ 01., 
1989). 

2 . 3 C Olllr o i o f T r y pan os olll os i s 

Prevention and comroi of tse tse transmitted trypnnosomosis depends on minimising cont:"!cl 
betwe!.!n domestic livestock, game animals and tsetse flics. In theo ry there are a number of 
cOl1trol methods directed to the paras ite, vector and host. Il ow!.!vcr. in pract il.:e widdy usc of 
these ml!thods an.: highly \ ariable. The Illl.:thods inc!udt! rt!uucing tsetse Ily population with 
insecticides and odour-baited targets. treating infec ted animals \,vilh drugs, pn;venting animals 
from the disease using prophylactic drugs and using indigenous breeds of livestock that are 
genetically resistant to the dise:.1se. Each of these approaches is useful but has important 
limitations, such as expense. environment:!.1 pollution, drug resistance and poor availabil ity. 

Vector control may playa role b) reducing the level of tsetse challenge to livestock ... vhich 
\ViII in turn encourage the devl!lopment of land use prJclices involving livt:stod. The rt.!c~JlI 
development of insecticidt:-illlpregno.ted, odour·baited lraps and targets \\hieh aUrael and kill 
tsetse offer the prospect of cheaper alternatives with less damage to the environml.!nt (Jordan, 
1988). These methods have been tried in some tsetse infested :lreas of Ethiopia. In an attempt 
to conlrol trypanosomosis at Ghibe, South-\\est Ethiopia, an integrated control program. 
involving both tsetse fly control and CilL'!l)Olhernpeulic agents, was impkmentt:d in April 
1991. Subs!.!quent to the initiation of the target-colltrol methodology, the rdative d~nsity of 
the main vector at Ghibe. G. pallidipr?s, fell from a mean of 1.9 flies/t rap/day before the 
introduction of tsets!;! control to a mean of 0.4 flies/trap/day during the tsetse control. The 
prevaknce of dimimlzt!nc resistalll infections dt:cH:ast:d by npproxillHltely 75% in th~ first 12 
months following initiation of tsetse control program (Peregrine e[ al., 199-+). A drop both in 
the apparen l dt:nsity of the tsetse l1ks (Glossintl lachinvhle,\) and lht.! prevalt.:nce of 
trypanosomosis was also observt:.d during the two years pilot vector control progr:.un in the 
Mctekel district afNonh-west Ethiopia (Tilahun el al., 1997). 

Application of dcltamethrin pour-on to cattle against tsetse flies has proved to be very 
efficient in controlling tst:tse fly vectors in the pastoral zone of Samorogollnn, f3urkina raso 
(Bauer 1:[ (1/., 1995). Clausen el al. (1992) str~sseJ that efficient tsetse fly control will lead to a 
reduction orthe ust! of trypanocidal drugs and this willlea ... C' their rok as an eflicient means to 
cure the disease in case of an outbreak. 

A biological method or control is the sterile male release te.:hnique in \\hich artificially 
sterilised males compete with wild tsetse 1'01' mating with females (Dame and Schmid, 1970). 
I-Iowcva, Ihis is considered to be very expensi\'e (Roclants and Williams, 1982) and 
moreovt:r has the potential of increasing the trypanosol1losis risk in the afll!cted area because 
the sterile males have been found to be as capable as normal male tsetse in tfnnsmilting the 
disease (f"loloo, 1982). 

A safe and cost effective vaccine against trypanosomosis \\ould be a much more e!Tccti\ e nnd 
sustainable way of controlling the disease. I lowever, because of the ability of trypanosomes to 
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lIIH..Icrgo antigenic variat ion immunisation of cattle against lrypzlI1osolllos is hdS been 
unsuccessful (Doyle, 1977). However, lidd studies in callie have providt:d evidence th::l t 
animals pr~violls l y exposed to trypanosomosis may be less susceptible to subsequent 
challenge. 

Based on actual experience in the field, the introduction and keeping of trypallotolerant West 
African taurine cattle breeds seem to be an alternative biological method (0 pn.: ven ti ng cl inical 
trypanosomosis and thus economic losses for the animal holders. Trypanotokrance is a 
feature of both West African longhorn and shorthorn BOJ taUrlI.}· breeds such as the N'Dama 
and Baoule breeds. These breeds of animals posses an incn:ascd titre of resistant factors 
(Iysoz) me, hJemolytic complement Cq and the third complement component C3) and are 
better able to stabilise the balanct! or the host·parasite relationship known as pn.:nlllnity 
(Seifert, 1996). Trypanotolerancc is Illanifcste:d by tbe abilil) of the Ir)p~lI1oh)le:rant animals to 
regulate parasite growth and to prevent or reduce the r:lle and degree or development of 
anaemia (Murray, 1988). llowever, these breeds of animals are rdativd) small in number and 
are limited in West Africa. 

2,-' C h c mothcl' apy and C hcm o pr o ph) la .\i s 

Chemotherapy anti chemoprophylaxis of animnl trypanosomosis r~lics essenti311y Oil thn:e: 
drugs, namdy: Ilomidiull1 (l lomidium chloride-~ovidillm ®; and Ilomidilllll bromide· 
ElhiJium ®). diminazene aCClUra{e (Berenil @) and isomctamidium chloride (Samorin ®. 
Try pamidiul11 ®). 

H omidi Iml bromitll!!cJ,/uritir: 
I-Iornidium (Watkins and Wool fe, 1952) belongs to (he phenanthridine class of compounds 
and is manufactured as both bromide: and chloride salts, \\ !lich are equally al":tive ill vim 
(Leach and Robt:rls. 1981). Bmh salts are generally recommended for us\.! as therapeulic 
agents at a dost: of 1.0 mg/kg hw. However, the same dose, in cattle, has ~cn shown to h~l\e 
prophylactic activity varying from "1 10 19 weeks again~t lidd .:h .. lIlengc (Dolan ell/I., I 99::!). 
Variation in homidiull1 susceptibility, and the level of try panosome ch.1l1engl!, art' thought 10 
be the primary factors determining the dUfrnion of prophylaxis (Dolan el aI. , 199~). 

Dilllillfl:r!lle f1Cefllr(lle 

Diminazene (jt!nsch, 1958) is an aromatic dinmidine and is marJ..:t!ted in combination \\ ith 
phenyldimethyl pyrazolone (antipyrine) (.f4.5:55.5 w/\\"), a stabilisc"r that prolongs the aCli\it) 
of the compound in solu tion (Fai rclough. 1963). Sc"nsitivc populations of T congu/!!lIsl! ami 
T vimx are eliminated b) intramuscular lrt:atment of the host with diminazt'ne aceturatc at a 
dose of 3.5 mg/kg b\\'. I 10\\ ever, highe:r doses may be required for infections \\ ith T hrucei 
(Fusganger and Bauer, 1958). Dilllinaz~ne is now probably the most commonl) us~t! 
therapeutic agent for trYP:lIlosomosis in li\·cstock in sub·Saharan Africa (Geerts and Iloilncs. 
in press). This is due to a nUl1lb~r of factors: activity against tl") panosoJl1cs that are re:sistant to 
IllOSt other tr) panocides and a higher therapeutic index, in most animal species. than other 
trypanocides (Williaillson, 1970). 

/somefllmidilllll chloride 

Isometamidium (ilcrg f.?1 aI. , 1961) is a phi!nanthridinc·aromatic.: nmidine. formed by 
combining homidium with the diazotized p·alllinobt:nzamide moiet) or diminnzcnt:. and is 
marketed as both a therapcutic ;:lIld prophylac tic agent. In thc dose range rccolllll1cllckd (or 
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prophylactic purposes (0.5 -1 .0 mglkg bw), the compound has been used succcssf utly to 
maintain the productivity of Zebu cattle exposed to tsetse challenge in both village and ranch 
management systems in East Africa (Moloo el al., 1987). Ilowever, cons ide rab le varia tion in 
prophylactic activity has bt.:t:1l observed in that a dose of 1.0 mg/kg bw has bt:ell shown to 
confer prophylaxis to caull! for 2-:22 weeks (Kirby , 196-1; Pinder and AUlhie, 19S-I; Pert:gnne 
el o/., 1991). Variation in drug susceptibility bt:tween different trypanosome populations 
appears to be the major factor determining the duration of prophy laxis (Peregrine ef aI., 1991). 

All three compounds are closely related chemically and have bel!l1 avai lable for at least 35 
years. Aftl!r the introduction of isometaml!diul11 in 1961 (Berg el 01., 1961) the development 
of ncw trypanocidal drugs has made little progress. Recently. however, quinapyramin sulphate 
(Antrycide) has been reintroduced because of the nl!cd to especially combal camel 
trypanosomos!s. 

Chemoprophylaxis has bCl!n used to protect livestock under low to medium trypa.nosome 
challenge using isomdamidium at dosage ranges of 0.5 to 1.0 mg/kg bw depending the 
trypanosome challenge. Prophylaxis of between 1-1 and 36 weeks has be\!l1 reported in fit!ld 
studies at these dosl! levds (Fairclough, 1963; Kirby, 1964), although prophylaxis of Il!ss than 
1:2 \\ceks has been reported (Pimkr and Authie. 1(84). Such va ri ntion in prophylactic activity 
appl!ars to be indepelHknt to both the level of trypanosome ch.:t!l\:ngc and the presence or 
absence of infection at the time of trl!atment (Peregrine el aI., 1(88). Variation in 
susceptibility between different trypanosome populations appears to be thl! ll1:ljor factor 
dl!termining the duration of prophylaxis (Peregrine f!{ u/., 19(1). Although these drugs have 
elTectiveJy controlled the disease \\hen r~l!ionally used in the field, the prevalence of 
resistance to each ofthl.!se compounds appears to be increasing. 

2.5 C hemores i s tance 

Drug resistance in trypanosomes has been reported from many p • .lfIS ur Africa (Jones-Davies, 
1967; Garber. 1968; Mwambu and Mayende. 1971; Lewis and Thomson, JCJ7-l; Williamson. 
1970: Authie, 1984; Pinder and Authie. 1984: i\loloo and K.utuza, 1990: Clausen et al., 199:2). 
In East , .. \frican drug resistant T. cOlIgvlt'me strains have be!!11 described in Ethiopia (Scott and 
Pl!gram, 1974; Codjia el af., 1993; Rowlands el o/., 1993; Leak d ai, 1(91) and in Kenya 
(Gil,lIha, 1(79). Drug I"l!sistant T \' ;VW- slrains have been identified in KenY3 (SchOlll!reld el 

al.. 1987). Clausen et al. (199:!) examined :20 Zebu cattle naturally infl!ctcd wilh 
T congvfense and/or T \'ivClX in a fl)-proof stable and found thai diminazcnc aCl!turntc at 7.0 
mg· kg b\\ cured illfeCLioll~ ofT vivtlx, but was incrfective against T clJngofell.l~. AdJitionally 
they also proved in the same animals that isomet::J.midiul11 chloride at a dose ratl! or I mglkg 
bw rind homidiulll bromide at a dose rate or I mg/kg bw \\crt! incflecti\"e. These authors thl.!n 
conducted a corrl!sponding chemothl!rapelltic trial in previously unexposed Zebu bulls and 
SahcJiiln goats infl=.cted \\ith one primary T cOl/gu/ellSe isolate rrom Samorogouan v.hich 
demonstrated a high lc.\"e1 or rl!sistance to diminazl!ne aCl!turate (7 mg/kg in callIe and 17.5 
mwkg bw in goats). isometamidium chloride ( I and 2 mg/kg bw i.v. in goats) and 
Cjuinapyramin sulphalL" al 5 mg/kg hw in goats. As a result they emphasised the urgent need 
for nc\\ chl:lllical substances as trypallocidal drugs and the increasing imporlance or i.:llit.:it!111 
vector comrol bccause of thl! appearance of multiple-drug resistilnt strains of T (;ollguleme. 
CIlltalllo and Arakaw (19<)2) described that clones deri\ed from thl.! ~' lul1lbwa isolate \ \ ~rl.! 
resistant to isomclamioiul11, \\ ith i'-1inimlllll Curative Doses (MCD) of ~ mg ·kg bw 
iSOllll!t<1midilllll, ano IO dimimlLcne, wilh ~lCD of 14 to 28 mglkg. Isolllctnmidiulll and 
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diminazene an: usua ll y pn:scribed as a "sanatiw pai r" in thl! contro l o f bovine trYP::lIlo.somosis 
(Whiteside. 1960). Development of mult iple-drug res is tant stra ins of T. congulense iso lated in 
the I3obo-Diaulasso region of I3urki na P.:l SO (Authie, 1984; Sones el al., 11)88; Ma laa and 
Ku tuza, 1990; Clausen el 01 .. 1992) and Ethiopia (Codjia ef aJ.. 1993; Mulug~ta t: l lll .. 1997), 
howev!.!r, suggest thu t the concept o f sanative pairs might no longer be va lid in certain reg io ns. 

The basic Illt'chanism of d rug resistance and the factors con tribu ting to the appl.!uranc~, 

mailHenance and disappearance of drug resistant trypanosome populatio n in cauk is no t fully 
understood. The repeated use of chemica ls as pes tic ides or chemotherapt:utic agents inevitably 
leads to the development of resistance by the target o rganisms. D:lIa rrom experi mental 
induction of drug resistance to various trypanocides in mice;; and ruts indicme that many 
situations exist supporting the generation of drug resbtance in trypanosomes. Prolonged and 
excessive use of Ikn.::nil and Trypamidium on a routine he rd basis is a common feat un.: in 
African livestock hu!:obandry pr~ctices. Resistance to diminazene generally appenrs to arise 
under three difTcrcnt conditions: repeated subcura ti ve tre~HJllent or infl;:c lcd animals wi lh the 
drug (Ita"" king. 1963): cross-resistance associated with the development of reS iSI.:lIlCe to the 
trypanocide, quinapy ramine (NLlo utam ia if l (II.. 1993); and innately, i.c., \\ithollt prior 
exposure to the co mpound (Wilkllllson, 1960). Since resistance to diminazl.:ne is extremely 
difficult to induce in canle using repeated subcurative:: treat ments (Whiteside, 1963), and 
quinapyramine resistance appears to be assoL'iat('d with cross-resi!:otance to isometamidiulll 
(NJoutamia ~l aI. , 1993 ). the factors responsible for de\elopmem ofdiminazt.'ne reSiSlallce by 
the T vivax popUlation is unclear. 

Although it is generally assumed that uncontrollc-d infections \\ ill ha\-c a sev(:n: impact Ull 

both sur\-iva l nnd producti\ ity only few studies have been conducted to accur~Hely assess the 
impact of drug resistant trypanosomes on livestod.. producti vi ty. RCL:entl), a stud) \\;1::; c~1rrit.'d 

out in this regard in the Ghibe valley of Ethiopia , where. a high prevale::ncl;: nf multiple drug 
resistance was reported (Codjia ~I al., 1993). Rowlands el al. (199-1) followed mort:' than 300 
East African Zebu calves from birth to 3 years of age together with their dams in this region 
(bet\~ct:'n 1986 to 1991). During IllOSt of [his pt.:1 iod animill~ \\ hieh \\ere pnrasit:t<.!mic :;'Inu 

with a pev below 26% or animals with c1ini-.:al signs of Irypanosomosis \\cre Ift:Jtl;:d \\ith 
diminazcne aceturat\! at 3.5 mg.kg b\\, although resistance against this drug was known 10 

occur. Some effec ts o n the gro\\lh rate of pafiJ.si taemic C.:lhcs \\cre obscr\t~d \\hidl \\ere 
temporary. The authors concluded lhal rt.'gular trypanocidal therapy might have hdped to 
maintain health and productivity of !ollng can II;:. Although calf mortJlil) was rather high, 

growth rateS were compared favourably with those in o lher village-managed systems in 
Africa'. Similarly, reasonable levels of reproduction in terms of calving interv;11 and agt.' at first 
calving, "\,ere maintained under regular trypanocidal therapy in the CO\\S \\hich \\C'n: 
monitored over thl;: samL: period (Rowlands el (II. 1994). Similar studil.:s should be c'lfficd out 
in oth~r regions \\ ith different resistance problems and under diffen;nt Ilhlllagemellt 
conditions. 

Drug resist.:lllce:: in trypanosomes will continue 10 remain a critical chullt.:ngc to thl.! control of 
the di sease until the b;:lsic mechanism or resistance is known. While tht.' probkm or drug 
resist.:lnce has encouraged much research into alternative me;;thods of disease control. for 

examplc immunological approaches and the use of trypanOlolerant animals, it is becoming 
e\ ident that such methods, to b~ successful. will have to be lIsed in conjunction with 
chemOlherapy. Therefore, urgent methods need to be t3k!!n to maintain the efticac) of thl.' 

existing drugs. 



At present the IllOst wiJdy usr.:J trypanoc idal drugs in T. congo/em'e and T villax infr.:f:.tiollS in 
Ethiop ia are iSOIllClalllidiUIl1 (Samorin®, Trypamidium®) and diminJ.zcn ac!.."!turate (Ber!.!llil® , 
I loechst AC). The occurrence of drug resistance in trypanosomes across Ethiopia is unknown. 
Scott and Pegrum ( 1974) described the occurrence of I lomitlium·rcsislanl populations of 
T. congo/ense in Didessa and Angar vall~ys in Wollegl1 provinc~. In thr.:ir findings rcpeatr.:d 
thick and thin blood film I!xaminations a fter treatment with I mg/kg bw of hom idiulll revealr.:d 
that 25 per cent of Ihe an imals were again infected within 30 days and the majori ty o f 
infections were due to T congolcmsf!. Moreover, laboratory experiments using mice confirmed 
a high incidence ofresis tancc to homidium bromide. The current si lUation on the phenomenon 
of trypanocidal resist.:mcc partif:.ularly in T congo/ense infections is wel l documented in the 
Ghibe valley (Codjia f!/ (II 1(93) but requires more careful investigation in other parts of the 
count ry. The work done in Gh ibe \alley, Ethiopia, described the presence of l11ultiplr.:·drug 
resismnt strains of T congo/ells/! species (Codjia el 01.. 1993). These au thors inoculated 12 
stabilates, isolated in the field, in to indi vidual Boran (80S indicwi) calves, under fly·proof 

conditions, and characterised for their sensiti\ ity to diminazene aceturate (Bereni l®), 
isometarn idiurn chloride (Samorin®) and homidium chloride (Novidium®). All 12 stabilates 
produced infections which were shown to be T. congolense lhat \Vere resistant to treatment 
with diminazene aceturate at a dose of 7.0 mg/kg b\,·l. Eleven o f the in fections were also 
rt:sistant to isometamidiulll chloride 3t a dose of 0.5 mg/kg b\\ and homidiulll chloride at a 
dose of 1.0 mg/kg bw. Then five clones were derived from one of the isolates which 
expressed a high level of resistance to all three trypanocides: each clone expressed high level 

of resistance to all three trypanocides. Thus, the multiple-drug resistance phenot) pe of the 
parental isolate was associated with expression of multiple -drug res istance by individual 

trypanosomes. Moreover, recent field observations in Ethiopia based on cloned populations 
shu\\ed that the drug resi stant phenotype of T congolense had not alte red over a period of -I 
years (Mulugetu el oJ, 1997). Because of the high level of multiple·Jrug resistant inj~ctions, 
and becnuse this appeared to b~ expressed at th!! le\eJ of indi\'idual trypanosomes, it \\a5 
condutled that cilemothernpeutic agents per se would not control (r) panosomosis at (ihibe on 
u long term basis. Thus, an integruted control program, involving both tsetsc. f1y control and 
ch!.."!mothcrapeutil.: agents. \\as implemented to control tr) panosomosis at the s ite (Peregrine el 

,,1.,1994) 

To demonstrate that drug resistant trypanosomes are present it is neceSSJ.1) first to discount 
other problems such as inad\!quate drug preparation, handling and administrat ion, and 
secondly to demonstratl! the response of the trypanosomes to treatment under carefully 
con trolled condi tions. ldt.'ally this should be carried ou t in the host species of interest i.c. B(Js 
il1di<:IlS callie for strains isolaled from East African Zebu catt le. RowlanJs el a/. (1993) 
showed that Ihe application of a computer model to parasitological data collected 0\ er a long 
period on a monthly basis allowed the inl.:idence of new infections to be distinguished from 
recurrent infections. This analysis showed that the mean prevalence of diminazene resistant 
infections in the Ghibc \alley. Ethiopia, increased from 6% in 1986 to 14% in 1989. 
llowcver, in lllany sItu3tions it is necessary to use small ruminants or bbonllory animals 
because of limited fin<.lnce and facilities (Sones el al., 1988). Standardisation of thc existing 
tests should receive high priority, especially the assays in mice and in tlefinili\ e hosts, 
h!.!callse these 1.:.111 be l'arril'd out in kss wclll:quippcd laboratories. 

Underdosing is one of the major causes of resistance development. Sublherapl:!utic drug 
concentrations e:-.ert a strong selective pressure for the emergency of resistant clones that pre:."· 

exist in the trypanoso me popUlation. Given the fact that in Illany L:ountries unskilktl persons 
are allowed to administer drugs, undoubtedly Ilwny errors occur in calculating Ihe r..:orrect 
doses for the treatment of the animals. Furthermore, as the d rugs arc relatively expensive ther!.! 
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AI present the most \\ iudy u~eJ tr:ypanocidal drugs in T. c(mgoll!llll.! anti T. vjWL\' infections in 
Ethiopia 3n: isomewmiLlium (S"lOlorin®, Tr) pamidium®) and dinllnaz~n aceluralC [Berenil®, 
Iloechs t AC). The occurrence of drug resistance in tr) panosomes across Ethinpia is unkno\\ n. 
SCaLI and Pegram (1974) desr.:ribed the occurrence or llom idium·fcsistanl popuL.ltiuns of 
T c:olIgoll'flj~ in Didessa :lnd J\ngar valleys in \\'ollega province. In thc:ir findings n:pcalcd 
thick and thin blooJ film examinations after treatment \\iih I mg/kg b\\ ofhomidiul1l re\ealeu 
that 25 per cent of the animals \\ere again infected \\ithin 30 days and the majority of 
infections were due to T cOllgolr!me. MoreO\er, laborator) experiments using mice confirmed 
a high incidence of resist<lnce to homidium bromide. The current si tuation on the phenomenon 
of tr) panocidJI resistance particularl) in T congolense infections is \vell uocumented in the 
Ghibe valley (Codjia t!1 al 1993) but requires more careful investigation in other parts of the 
country The work done in Ghibe \ alley, Ethiopia. described tht! presena of multiple.drug 
resistant strains of T ccJngolf!'IS~' species (Codjia el aI, 1993). These autho rs inoculated 11 
stabilates, isolateJ in the lidd. into individual Baran (Bns jnt/iclls) cahes, under t1) · proof 
conditions, and charJcterised for their sensi!!\ ity to diminaLene aceturale {Berenil®}. 
Isometamidium chloriJe (Samonn®) and homidium chloride (No\'idium~). All 11 stabilates 
produced infections \ ... hich v .. ere shown [Q be T congolefl.~·e that \\ere resislJl1t to lrearment 
wnh diminazene aceturale at a dose of 7.0 mg 'kg b\ .... Ele ... en of the infections \\ere also 
resistant to Isomt.!tamiulUlll chloride 0.1 a dose of 0.5 mg k~ b\\ JnJ homiJium chloriJe at a 
dose of 1.0 mg kg bw. Then five clones were derived from one o f the isolates \\hich 
expressed a high le\e\ of resistance to all three Irypanocides: eJch clone e'pressed high level 
of resistance to JII three tr) panocides. Thus. the ffiultiple·dfug resistance phenOL) pe of lhe 
parental isolate \\as associated \\ith expression of multiple·drug resistance b) indiviJual 
tryp .. mosomes. i-.loreon:r. recent fidd observations in Ethiopia based on cloned ropulatlons 
sho\\ed lhallhe drug resistant phenot~pt! 01 T cungolmst! had not altered over a JXriod of -l 
years (:VlulugetJ r!f aI , 19(7). B~cause or Ibe high lew I ormultipll!·Jrug rcsistJ.nt infections, 
and because this appeared to be expresseJ at the le\el of indi\idual tr)panosomt!s. it \\a:i 

concluded that chemotherapeutic agents pt:r Sf! \\ould not eontrol tr~ panosomosis at Ghibe on 
a long term basis. TI1US. an imegrated control progrJOl, involving both tsetst.: · n~ control ::lIld 
chl.!motherapeutlc aJents. was Implemented to controltr:- panosomosis at the sile (Percgrin~ I!{ 

af., 1994) 

To tlemonstr:lte th:u drug resi~tant ir) pJ.nosomes are present it is necessaf) first to discount 
other problems such as inadequZlh! drug preparation. handling and administration, and 
second I} to demonstrate the response of the tf) p:lIlosomes 10 treatment und\'!f care full) 
controlled conditions. Ide:llly this should be carried out in the host species of mleresL i.e Bus 
inc/tellS cattle for strains Isolated from East African Zebu cattle. Rowlands el (II. (1993) 
sho\\ed that the application of a computer model to parasitological data collected O\(' r a long 
period on a monthly basis allowed the incidence of new infections to be distinguished from 
recurrent infections. This nnnl}'sis sho\\cJ LhJt the mean prevalence of diminazene resist<llll 
infections in the Ghibe \·alley, Ethiopia. increased from 6°0 in 19 6 to 14°/0 in 1989. 
I kme\er. in J\l<.IIl) Slluatlons it b nt.:ct:s~ur) to usc small rUOlllldnb or 1.lbor<.tll>ry :lnimi.lb 
because of limited finance and fJcilities (Sones t!1 al.. 1988,. St:mdarJisJtion of the existing 
tests should re"ei\e high priority. espec ially the assays in mice and in delinitil,.e hosts, 
ht:cau~e tht!sC' C~lIl be l'~lrncd out in ll:sS \~dl c:quippt!d bbomtories. 
L:nJeruosing is ant! of the major causes of r~sistance de\t~loplllent. Subthc-rapl!lItic drug 
COni.:cntralions e\en a strong selective pressure for the emergency of resistant clones lh<.1t pre· 
exist in the trypanosome population. Given the fact that in many countrie~ ulls(.;,ilkd persons 
are allowed to admimster drugs, undoubted!) many erro~ occur in caiculdting thl: correct 
doses lor the Ire:lIment of the animals. Furthennore, as the drugs Me reli1ti\t:I~ expensive there 
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is a temptation to overdilutt: tht: drug and hence underdosagl!. Thl! lise of ill1pro\~J 

formulation of existing drugs can be. a possible means to :lVoid subtherapcutic concentrations. 
Controlled releast::. d~vices which provide more stabk. drug concentrations and a sharpe r cut 
off aI the end of the rdease period mi gh t have particular ud vantagl!s in thi s re.spec t (G l:ens and 
Holmes, in press) .. 
The reduction of sdection pressure by the: drugs, i.c. dec reasi ng the numb\![ of treatments, is 
considered as the most efficient way to delay the development of drug resistanc~. This is 
important particularly in high tsetst: challengl: arcas, \vhich arc commonly associated \\ ith 
frequent treatments in a shan period (Whiteside, 1960). Drug resistance often emerges in such 
situations as a result of increased frequency of drug usage. Additionally, systematic nwss 
treatment could hasten the: development of resistance. Thert!fore, in \\ell monitored situ~ltiolls 
limiting treatments to individual clinical cases may be important. In such situa tions drug 
resistance problems can be minimised and acquired immunity encouraged (Scott and Pegram, 
1974). 

2.6 Asscss l1l t: nt o f C h c m o r es i s t a n ce 

" In vivo" techniques: 

This is one of the methods used ill the assessment of the sensitivit) of trypanosome isolates to 
trypanocides and the standard mouse test and tests in ruminants are used. When using mice, 
they are infected with trypanosollles and subsequently treated after 24, 48 or 72 hours \\ ith the 
drug under ilwestigation. The mice are then scre~ned for tr) panosome infections for 30-60 
days. The ratio of number treated to number infected indicates drug sensitivity (Kaminsky e( 

al , 1990; Elrayah and Kaminsky, 1991). The EDso or ED95 (effective dose, which gives 
temporary clearance of the parasites in 50~·o or 95 %1 of the animals ) as v.ell as the CDso or 
CD,)s (curative dose \\hich gives compkte cure in 50% or 95%) of the animals can be 
c:Jh.::ulated. Son~s Itl al. (1988) used groups of 5 mice, which alJo\\eJ an easy calculation of 
ED&o and CDso values (one out of 5 mice not cleared or cured). These ligures should be 
compared with those obtained using reference sensitive Ir) panosome strains. 

The ad\'antage of the mOllse test is that it IS cheaper than the tests in cattle. The probl~m \\ ilh 
this Iyp~ of assessm~llt is Ihal tilt.! results of 1.\ mouse s~nsitivity test C;!11 not necessarily bl: 
extrapolated to ruminams (H3.\vking. 1963; Sones e( af , 1988). Since dirference~ in the 
pharmacokindics of tr)panocides in different host species have been described (Ali and 
Hassan, 1984). The other limitations of Ihis te·st incJllde failure of most T vivax and some T 
congo/elise isolates to gro\v in miCe!, the large number of mice required per isolate in order (0 

assess the degree of drug resistance and the relatively long period (LIp to 60 clays) required to 
evaluate the drug sensitivity of an isolate. 
The tests in ruminants can be of direct rele\'ance to the field situation, because tht: tt:st is 
conducll!d in natural hosts lIsing recommended dose:s of trypanocidal drugs. The tests 
commonl) consist of infe("ling a group of cattle or small ruminants v. itll the isolalc unde r 
investigation and later \\·hen they are parasitaemic Ire:Hing th~m v.ilh \,nious kvds of 
tr)panocidal drugs. The animals are regul~lrly moni tored o\(.:r a long period (up to 100 days) 
to d~termine the curative dose, Le. the dose of drug able to provide a permanl::llt cure (Sones ef 

a/.. 1988). For these studies thl: calli!! or small ruminants must be kept in ny-proof 
accommodation or in a non-tsetse nrea in order to e liminatc the risk of reinfection Juring the 
study Ainanshe et al. (1992) llsed the technique which is described belo\\ to examine a group 
of isolates from a dist rict in Somalia. A single recipient calf was inoculalt..'d \\ ith blood from a 
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group of infected callie and latcr when it was parasitacmic treated with trypanocidal drugs <H 

the recommended dose. Then after anOlher groups of calves and mice were inoculated from a 
breakthrough infect ion to determine the It.:vel of drug resistance . This technique is lIseful in 
situations where laborrl tory facilities :lrc very limited bUI it only allows a quali tative 
assessment and does not indicate how many of the isolates inoculated into a single calf we re 
resistant. The levd of resistance can be indicated frolll s tudies in ruminants and mice by 
n:co rding the length of time bet\\een treatment and the detection of break th ro ugh populations 
of trypanosomes. The shorter the period the greater the level of resistance (AinClnshc et al. . 
1992). The aJvantagcs of the study in ruminants :Ire that al! trypanosome isola tes from call ie 
are able to grow in thest: hosts and the data obtained arc directly applicable to thr.! lieJd. The 
limitations are the long follow-up period and the costs of purchasing and maintaining large 
number of ruminants. 

"111 Vilr()" techniqucs: 

In seeking alrernatives. In vilm" t~chniques have been examined for tht.:ir lIsdu lncss in 
assessing drug susceptibilities (Elrayah and K.ami nsky, 1991). Antitrypanosoma! acti vity of 
drug can be observl!d in "in vitru" culture condit ions as reported (80rov/)' el (1/., 1985; Brun 
anJ KunL, 1989). 

One of these assays. the Long-term In /';Ira Vinbility Assay, is based on the cultivation of 
trypanosomes on feeder layer cells (Kaminsky et aI., 1(90). This assay can be performed ill 
bboratorir.!s \\ith tissue culture facilities. Ho\\ever, it is necessary to adapt trypanoso mes to 
culture conditions before their drug susceptibility can be assessed, This Jdapt3tioll is possible 
for most T brllcei field isolates. T. congo/ense and T \'iwtx iso lates in contrast, arc c1illicult to 
grow continuously under culture condi tions (Kaminsky el (1/ .• 1990), 

AnOlher test, which dot:s not require adaptation to culture conditions and which therefore can 
be applied also for T (:ollgo/ellSe, is the 311-hypoxanthint: Incorporation Assa) (Brun and 
Kunz. 1989). The incorporation ofJH -hYPox:lJlthine by bloodslreWl1 trypomastigotcs in short~ 
term culture systems without fCl!dcr luyer cdls is examined in the presence o r varying 
concentrations of drugs. 

The Drug Incubation Infecti\ ity Test (OIlT) is a combination of ill virro and in \'i~'o 

techniques. It can even bl,; established in only moderately equipped cdl culture laboratories: 
trypanosomes are incubated for a deli ned time in the presenct! or a trypanociJal drug. 
Tht!reafter, thl,; trypanosollll! suspl!llsion is inoculated into mice, which thr.!11 arL' screened lor 
~O-30 days for the appt!aranct! of parasitJemia. The tt!st is very sensitive in ass~ssing 

isometamt:dium susceptibili ty and is also useful for distinguishing bCl\\cen trypanosome 
susceptible and resisHmt to diminaL.ene (Kaminsky e/ aI., 19(0). 
However, to date, all tests mentioned only have been carried out for a limited number of \\ell 
defineJ labor::tto ry tryp<.mosomc stocks. For all tests it remains to evtlluate ""hether th\!rc. 
always is a clear relationship between the drug sensitivity observ\!d ill \'ivv and ill \'itro, In 
addition, it still has to be e\ aluated for all methodologies whether always consistent results 
c::tn be <li.:hieved when undUlled fidd isolates an; Llsed, 

Tht! limiw,tion of the " in vitro" test is similar 10 the "in vil . .'v" test in that the results ub tained 
can not be extrapolateJ to apply 10 ruminants. Therefore, it is also necess::try 10 carry out 
experimental work using ruminants before making any conclusions on the aspect of 

16 



chemoresistunce. For this purpose it is necessary to eva luate! the potential of tht: availabl t: 
diagnostic techn iques in assess ing the effectiveness of therapy in canlt:. 

2. 7 A ss e ss m ent of th e T h e rap e uti c Effecti ve ne ss 

When trypanosome inrected animals are treated successfully, circulati ng drug levels arc by 
definition adequate to protect aga inst trypanosome challenge and therefore breakthrough 
infections may only occur where drug levels arc inadequate, poss ibly as a result of inadequate 
dosage regime. AI! rdapses are not due to drug-resistance. Trypanosome species of the 
TrJplIllo=oon group could reach tissues (CNS. I!ye etc.) where trypanocidal drugs could nOl 
reach (Whitela\\ I!l £II., 1985). Alternatively, infec tions ma) occur \\he re the challl!nge 
population of trypanosomcs express drug resistance (llolmes ,:lI1d Torr, 1988). Both causes 
have important implications for the management of cattle in tsetse infested areas, but thei r 
relative importance may be: difficult to evaluate in field situations. 

The use of trypanocidal -ELI SAs in combination with parasite detection tests has gi\~n 

promising results for the detection of resistant If) panosomes (Geerts and Holml!"s, in press). A 
competiti\ e ELISA wh ich allowed the de tection of smi.lll amounts of isometamidium in serum 
of cattle has been validated in cattle und~r e;.:perimental and field conditions (Eiskr el ai., 
1994). The test is both sensitive and specific and it allows the monitoring of drug levels o\e:r 
extendl!d periods and the e\aluation of factors influencing drug disappearance rates from the 
plasma. The drug disappears more rapidly in anim'lls infected with drug resistant trypanosome 
isolates than in those infected with sensiti\e trypanosomes (Eisler el al., \9(4). Preliminary 
observations sho\\ ed that tht: presence of tr)panosomes in animals \\ith an iSOlllCt;}lllidiul11 
concentration of >5 nglml strongly suggests resistance. Further research is necessary, 
hO\\evcr, in order to confirm these results in a larger number of an imals. Wht:reas drug k:\els 
can be measured in the sera of treated animals (Eisler r.!l (Ii., 199~ ). it is equall~ important to 
have diagnostic te-chniques \\i th very high sensitivity in order to assess the effecti\t.:ness o f 
therapy under tield condillons and these techniques must be: designed such that they con deh~(.:1 
very low parasitaemia or even cryptit.: infections. Large numbers of sera can be t~stC'd within 
12 to ~4 hours using this isometamidium-ELISA and this might give some indication of the 
rt:sistance Situ.Hion at the It::\ t;!! or the herd. I-Io\\e\er. further studies are required to t.:onlirm 
lhe corrdation of the parasitological results \\ ith the isometJmidiulll conc~nlration in the 
serum and it is !lot yet possible 10 draw firm conclusions on the sensitil.<ity or resistance of the 
trypunosome popula tion at the leyel of the indiviLlual animal (Geerts and I-Iohnt!s, in press). 
The identification of I!cnetic markers for isometamidium resistance, \\hich mi!.!ht be - -
developed into reagents for the identification of resistant Ir) panosomes using PCR \l,.ould be a 
more promising approach in the long term (Geerts and Holmes, in press). 

3. !\I ATER I A L S A N D I\I E TII O D S 

3. I F i e ld s tudi c.') a t ~l c t ckc l d i.') [ r i ct , X o rth - \\ cs t El hi u pi :l 

3. I . I S tu d Y :lre :1 

The Tana Beles resettlement project is loc,ued in the ~ktt:kel Administrative Region, 550 km 
North-west of Addis Ababa. The area lies \\ ilhin the altitude of 1000-1150 III ubu\<1.: SI.:;! kvd 
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\\ith an average annual rainfall of 1270 mm. Tht: project area comprises of Lake Tana and 
Up~f. lower and middle l3eks river, a tributary of the l3lut! Nile with swampy plains hnving 
many tributaries passing through the project areas. The rainy season bsts from Aprilfl'o'la) to 
O~lOber and tht: rainfdll is mostly occurring bemeen June and September. 

The dominant "egetalion types of the arca arc scattered Irees (CulI/brill/lIl, Terminaliu) ~lnd 
tall sa\'anna grasses with bilmboo occupying a significant part of the area. Tall anJ c\'t;rgreel1 
trees with brooded lea\es co\er both side!) of the ri\'er l3eIcs and its main tributaries namely 
Changur, Endsa, Buhl. with its tributaries lara and Ketem, Chanko and others. Buffaloes. 
bushbucks, did,dicks. hippopolJ,mus. warthogs. baboons, crocodiles, hyenas are some of the 
wild games in the area. 

The 198-185 hOrrltic drought and famin!.! enforced the Ethiopian go\ 'ernment to launch 
re::iclllemcllt s.:hcme \\ith the bJsic rationale of alleviating the sufferings of the peopk. As u 
result, the emcrgcnC)' re::it:ttkment scheme in the country dislocated scvcml peasants. The 
Bdes-Valley cOIl\entional resetth:ment sch~me, situated in the basin of the BcJes ri\'cr located 
around 550 km u\\ay i':orth-\\est of Addis Ababa. is one of the biggest emergen~) schemes 
that hosted two kinJs of resettlers: those \\ ho were famine \ ictims and those \\ ho suffered 
from land shonage. Currently. o\er 75,000 selilers \\ho come from drought-stricken highlands 
of Ethiopia, pani~ularl) from pans of Wello, Tigra~, Gojjam and Shewu, live in ~8 \'illagcs 
located along the Beles ri\t:f. AdditionaJl~. a good number of self-motivated farll1~r!) and their 
families have also mo\ ed to the aft!'<t in se.lf~h of ti:nile and mabk land (Tilahun ~I ,d., 199"), 
These dislocateJ peasants ... 'ere relocated to different physio-biotic and socio-cuhural 
em ironments far ~l\\ay from the originJ.1 homelands. The policy bJ.sis for the 11lassi\.'~ 

emergency resettlement program was to att:lin higher agricultural proJuctivit) in the 'UI1- or 
under-utilised' parts of tht: country in the new locations through mechanisation and agro­
industrial de\ elopment of the area However. the termination of the projt.:ct rendered the 
program unsuslJinabk .md as a result animal traction became the onl ) means to crop 
production. This im.:rC'.I::icd the importance of ploughing oxen h) a great extent CurrcTlIlj. 
farmers III the area are prl.:!dominanlly I...Io!t:ping aninlc1i:s for trJ.ction and hor"~sl of crops. 
Therefore, an incr':J.se in livestock producti"ity in the area is nOI only more livestock outputs 
but also increase in crop production through additional drought poweL eXira manure, cash to 
purchase agricultural equipment and imprQ\ed human he:llth through adequate supply of 
animal protein and other requirements. However, the continuous threat from tsetse and 
tl)'panosol11osis on the li\cSIOck population in the areJ compltmenled \\ith the problem o f 
malaria to hun1.1n beings may end up in total abandonment of this terti Ie settlement area and 
may redisloca!e hundr~ds of families unless control measures are in!)tiwteJ. 

Tr)panosomosis hilS been identified as one of the major li\l!'stock disenses in the area. In 
1989, for example, 59°'0 and ~JOo,o of prevalence rates were recorded in ditTerent villilgt:s of tht! 
project areJ (Beycne. 1993). Various trypanosomosis and tsetse Ily sUf\eys carried ou t in the 
area since 1988 indicated that G lacilinoiclt.'J is Ihe onl:y species of tsetse Ily identified within 
the project areas. 

Some ficlJ case studies showed man~ animals repeatedly being detected parasitacmic despite 
treatment \"ith dlmina:tene aceturate at a dose of 3.5 mg. kg. bw. Furthermore, the percentage 
ofinfecuons \\h ich relapsed follo\\ing treatment increased from time: to time (Bc~cne, 1(93). 
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3.1.2 Ca ttl e 

The cattle in (he area are indigenous East African Zebu breeds. They are kept under traditional 
extensive husbandry systems with communal herding. During the day, cartle are herded 
together and looked after by herdsmen. Male caule over 3 years of age are used as ploughing 
oxen. Animals wo rk usually during the morning, particu13rly duri ng the \Vet season, and graze 
the rest of the day. They are watered in small and big ri vers. Cattle are returning to thei r 
owner's homestead each evening. According to 1995 census, the {Otal canle population in 
villages 12, 13 and 2-l are estimated to be 1236 heads (Tilahun el at., 1997). 

;;. , . ,. 
- .' I 

Figure I 

3. I. 3 

~.-

i\bp of Ethiopia sho\\ ing loc:uion of the study area (\Ietekell Benshangul 
region) and Bek::; :md Blut: ik (Abay) rivers. 

Questionnaire 

During the lirst 2':3 \"'ct!ks of March 1997. field investigations were corried out with the major 
objective of idl.!ntifying cattle herds highly suspected to be infected with drug resistant 
trypanosome popubtions. A [O[DoI or 105 r.:mllers and 10 groups of farmers were in terviewed 

from three difti.:n:m villagl:s with the aid or a questionnaire abollt ht!'rd structure, dist"Jst!'s. 
usage of trypanocidal drugs etc. (see Annex I). The questionnaire was tested in the tidd 
before administered to the study population. The questionnai re was administered in pl.!rson to 
individuals and );roups (5·10 people per group) of livestock owners. 
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J. I . 4 C r oss SC l'ti o ll ~11 s tud y 

In order to determine the prevalence rate of trypanosome infections in the study population a 
cross-sectional study was ca rri ed out in M:uch 1997. Four di fTerl!nt villages were sdectcd. 
Villages were selec ted by purposive sampling on the basis of prior in fo rmation on the 
problem, farmers co-operation and accessibility. The sampling method used in each o f the 
villages was si mple random sampl ing. The sampJt: size for the prevalence study \\a5 

determined using the EPI INFO progr~lIll, with an estimated trypanosome prt!valencl! rate of 
roughly 10%, a precisiun level or 5% and a 95% confidence int.:rval. RI,.'prt:sentative number 
of animals WCfe samph:d from each village. 

A h)l,t1 of 484 catlle (i'om four different vil lages \Vcn: sampled (0 determine tile prcv:lknc.:~ 
rate of trypallosollll.! inft:c.:tions in different villages. Para1l1 t:ters like age, sex, bret:d and 
pre\ iOlls history of treatmeni \ \ c.:n,; recorded. 

Dark groundl phase contrast buffy coal method (Murray el at. 1977) was employed to study 
the prevalence rate of trypanosome infeclions. Two capillary lubes \\erc filled for each blood 
sample. Blood to be examined were added to the capillary lubes by c3pillary attraclion until 
the tubes are filkd 3/4 way. Each capillary tube was sealed at one end using placticin. After 
centrifugation at 10,000 revolutions per minUEe for to minute. the capillar) tubt:s wcrc cut I 
mm above and I em bellow the buffy coat, expressed on microscope slides and exami ned 
using:.J microscopl! with 40 x objective. Thin blood smears stained with gicll1sa \\CJ\: lISl'd to 
confirm Ihe species of trypanosomes in C~lse of parasitaelll ia. Consequently, the pev of each 
sample was estimated using a l lawksley micro·lwemarocrit reader (Hawksley and Sons, 
Lancing, UK). 

J. I. 5 Longitudinal S tud y 

Assessmellt of tit /! tlt/!rflpeutic allll prophy la ctic activity oj iSUlIIl!lfIlller/illlll chloride ill the 
field 
In ordl!r to carry out a preliminary study on the L':nicacy of isomcw.rnidiulll chloride 50 
naturally trypanosom~!i inf~cted Zebu canle were selectL':d from villages 24 and 26. Village 26 
\\<1S selected because of high prevalen~e rate of trypanosome infections (34%) dllring tht.! 
cross sectional study and because the result of questionnaire suggested tht: occurrence of drug 
resistance in this village. Village 24, \\ith low prevolcnce rate of trypanosome infections 
(10%) during the cross sectional study, was selectt:d purposdy because of its closeness to 
village 16 and availability of veterinary facilities. The propol1ion of infected animals with 
T congo/elise, T vivax and T brllcei were determined prior 10 Ireallnenl with the 
parasitological methods described before. Additionally, rev values of each c:ltl ll! before 
trl!atment wen:: determinc.::d. Each of the 50 animals were ear tagged using plastic tags 
numbered from 51 to 100 so thm tht:y coold be easily identilied during the licIt! visits. 
Parameters lihe sex, age, daie of treatment and dosages used in each case \\cre rCl:orJl!d (Sl-'I.! 

Annex 2). This longitudinal study \\as carried Ollt between r-.'Ia) 1997 and July 1997. 

Trl! fltllll!llt 

Thc 50 parasitological!) positive animals were m:atcd illiramliscularly with iSOI1l(.'tamidiu!lI 
chloride (Trypamidium ®, Lot No. U696':!/E; RJlone Merieux, France:) at a dost! of I mg/kg 
bw. f or calculating the treatment dose, the body weights of each of the animals was estimated 
before treatment, using tapes for measuring heart girL (A rora el uJ., 1981 ) and body condition 
scoring (Nicholson and Sayers, 1987) methods. 
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Monitorillg 
I3Iood samples were collected from the e:lr vein and examined for Packed Cell Volume (peV) 
and parasita..:mia was determin!.!d \\ ith the phase contrast buffy coat method (t-- furray er al.. 
1977). Cattle were monilOred every 30 days for a pe ri od of90 days post isomd am idiun1 bloch 
treatment. Consequently. the pev of e3ch sample was determined using a Ilawksky micro­
haematocrit reader. When relapse/breakthrough infections are recorded parasitaemic animals 
\\ere treatl!d again wj.h 7.0 mg'kg b\\l of tliminazenc aceturate (Ikn:nil ® ). 

Fieltl iso/arioll o! t ryp(t1/o.\·UI1Ii!:!i 

T congu/I!nse field isolates wen.: hnrvestl.!J from par3.silnt:mic callie b!.!rore isometamiJiull1 
1rI:3tl11ent by collecting 5 ml of blood into pot=-tssium ethyknediomine (etra acetate (EDTA) 
treated vacutainers . st..lbiJo.ted in liquid nitrogen and trans!"c!rred to laboratory nt Debre Zei \. At 
Debre Zeit. rhe isolates were expanded in mice. Relapse/hreahthrough infections \\I!rl! 
inoculated i.p. into mice in the lield and thereafter transferred to Dl.'bre Zl.'it for further studies. 
The stabilates \\cre prepareLi lIsing the protocol in(ilc3ted in Annex 5. 

Drug Se n s iti v ity S tudi es of tr yp an osomes In Mi ce 

3.2. 1 Expe rimental animal s 

S\\iss \\hi!~ mi.::!.!, "ilh ;1g~ r::mge of 8-10 weeks and \\~ighillg 20<~5 g. were obt.lined from 
the breeding colony of the Ethiopian I kalth and Nutrition Research Institute and m~,int3ined 
on a cornmer':lill pdlered ration and water (ld libitum. T hey were housed in a fly-proof stable 
at the Fact:hy of Velo;:rinary Medicine, Debre Zeit. 

3.2.2 ['jll'rime- IlI;!1 dc- s ign 

Six drug sensItivity studies wc;:re conducted. three using isomcI3midiuI11 chloriJc 
(Tryp3midiul11 11-, Rhone i\krit:ux) and the other Ihrt!c \\ith Uillliuil.lene ilCClufate (13crcnil 
I-Illechst). 

In CJch of the studies :25 mice \\I.'re divided randomly into li\'~ expt::rimental groups of 5 mice 
each (1.\'). The firs! four groups (Group I-IV) formed the infected and treated groups with 
differing doses of tr} panocidal drugs. The fifth group (Group V) served as umreated control 
(Tabk5 I and 2). 

Table I Isomet.ll11idium chloride (Trypamidilllll ®) tre:l.tment groups 

Group Number of :-'Iice Infection \\ ith I somet.:lInidium 
T. C.:OllgO/4!IlSI! treatment at a dose of 

(mg' kg) 
I 5 - 0.5 
II 5 ~ I 
III 5 T 0 

IV 5 + 4 
V(untreat..:u 

control) 5 T 
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Tobie? , - Dimilnzene ilCt!tunHe (I3t:renil ®) treatment gro ups , , , 
G roup Number of p,"(ice Infection with DiminnLene treatment at 

T congo/elise a Jose o f (mg'kg) 
I 5 + 3.5 
II 5 T 7.0 
III 5 + I-LD 
IV 5 + 28.0 

\'(umrealt:J 
control) 5 + 

IlIjt!Cl io ll 
Tlm~e ,Stocks of T congo/ens!! isolated from three different animals in tht.: field and expZlnded 

in mice were lIsed to int~c[ the experimental mil.:e in group I-V. T cungu{enw isolates 
}'1I301'ET'97.PJ,wc73 and ;VIDOI ET'97,Pawe87 \\ere obtained fr0111 animal number 73 and 
87 resper.:ti\e!y, which showed rdapse breakthrough inf't::r.:tions (\\0 months 'nfter treatment 

with J m~ kl1 b\, isOmet.ullidiul11 chloride (see Annex 1). These isohltes \\ere used for tile 

drug senSili\ ity stuJies 111 mice after {\\O passages. Whereas. T t.:vl1go/l!me isolate 
t-.mOI '[T 97 l\mc:77 \~as obtaint:d from animal llUlnbc.:.r 77 \\hich shO\~ed 

reiapse,'brcaJ...through inft:ctions one month after treatment \\ith I Ills kg b\\ isomelamidlum 
chloride. II was used for the drug sensiti\ity test after four passages in mice. The mice were 

infecteJ with 106 [r} panLlsomt:s. ml blood by IIltraperironeal inoculation \\ ilh blnod fro m 

infected mice laken atlhe tirst par'lsitaemic peak 

Trelltmellt 

DUllinazene aCctur<1te (Be renil ®, Lot 1\'0. 518\V7~::!: f-!oechsl. Gl.."rmJny ) anJ iSOIl1(,IJllliJiulll 

chloride (Trypamidiulll ®, Lot No. U6962,E; Rh6nt.! ~krieux. f'r;mce) \'vcre llsl.!d lor drug 

sensiti\'it) studIes in mice Mice \\ere treated 2-1 hours post infection. :-"'Ijc~ were numbered 

using cupric acid :lllJ \\ eighed on a flat pan balance prior to administration of tr) p~mocidals 
for cJicubtion of drug dosages. 

Clllc:u/iltioll of Irt!t1fl"i!1tI dU!i~:' 

~hce \\e~e \\eighed on a flat pan babnc~ prior to administration of IrypanociJals for 

calculation of drug dosages. The mJjority of Illic~ weighl!d 25g. The body \\eight tor each 

mouse W3S assumed ~5g to calculah! the dosage of e~lch trypanociJdl drug. The steps used tor 
calcubtlllg tre .. 1tment doses are 5ho\\11 in Annex~. 

J/olliturillg 

After In:::ltmenl mice were monitored every other d:!.} for the presence of trypanosomes (wet 
smear, tail hlooJ). 

3.3. 0 :11:1. :lllal) s i~ 

Th~ pn;\ "h:I1I.:1': r.llc II r II) p;tI1osom~ i nf~1.:1 iUIl is ealcu lilted as till: numher or rilr:l~i lologic:d I y 

PllSiLivt: animals .I~ c\.!l1linl:d by d,uk ground phas~ contrast buff, coalllll:thoLl UvlulT;l), l'1 u/. 
1977) di\'iJeJ by thl! hHJ! number of animals 111\ ~stig:II~J al th:lt pi.lrtiud.lr time. 

Confidence intervals (95~·o) for the prc\[llence rat!:s of trypano~Olll e injections in din~rcn{ 
\-ilJages \\ae ci.lkubteLl. Chi -squnre test ·was used to compare the pre\aknce rales of 

tr)panosome inl"t:cti olls in di ffcrl: llt villages (S AS, 1987). Studcl1ls t-tt:st \\<lS utilised 10 
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compare the meun PCV of the p:lrasital!lllic callie with that of the aparasiti.lemic t.:dule (SAS, 
1987). 

The prevalence rate or rebpse infeclions in cank after treatment was calculated as thl! number 
ot' anin1i.ds with relapse/breakthrough infections on the day of monitoring dividetl by the lOla! 
numbc:r of animals examined at that particubr day. Once an animal showed 
rc!apse'breakthrvugh infection it \\o.s e.xclutled from the calculation in thl.! Ii.lllowing 
monitoring days. Least Square Repeatcd me:lsure an:llysis of \ariance was used to sho\~ the 
effect of isometo.medium ther:lpy on PC\, on 0, JO, 60 and 90 dJys after treatm.:nt (SAS. 

1987) 

In the mice experimcnt incidence of rel..lpse, mean time of rc!npsc and the correlation betwcen 
thc lime of relapsc and the dose of drugs were analysed using a statisticJ.1 so/i:\\:l rc (SAS. 
1987) 

~ . R ESU L TS 

~ . 1 Fie l d S tu d i c~ 

~ . 1 • 1 Ques li u n n:l ir c 

The lir~t attempt to I!ltroJuct: canl..: in to this areJ WJ.S in 1985,86 \\ hen thl.: i\ 1 illistr~ or 
Agriculture: brought around 600 he:J.d o r callie inlo the Beles Sell!el11Cnt area rrom thl: 11t:3rby 
highlands. Since then trypanosomosis remained to be major constraint to livestock production 
in the an~i:l. r-.bny of the farmers in thc present study villages respondeJ that they kn~\\ the 
disease tf) panosomosis in the lowlands of the Belt:s-Valley sin..:e their resettlement in 
1984 '85. Allhough SOllie of the rcseulers moveu to the new resettlt:mcnt areas along \\ith their 
li\iestock there \\:15 :.1 s\'!\erl! loss of livesleck up on arri\ al. I rypanosoll1osis is cbilllt:d to Ix 
the major enust.: for tht.:se losses. 

i' la nagc m cn t 
Free gr.:lling covers Iht.: largest proportion (99%) of the li\'cstock fecd. Cattle in the arc:.! grazc 
in large herds. r-.lost or the li\iestock follow the same pattern of grazing. The nlCljorit~ (96%) 
of the fanners move their cattle tor as long as 5 kill for grazing. The graLing areas ar..: in most 
cases \cry dos," to li\estock \\i,Hering points. Accordmg to the indi\iJualte!'>timoll) 96~o of 
the f3rmers water their cank around the grazing fidd, only ft:w of thcm mo\-t.: Ii.)f ~l longer 
distance. 

Li\estcH.:k feed is bt'l\cr :t\ailablc dllrin~ tht.: r.ull)- s~<I!'>on (JlIl).Sl.:ph;!Ilb~r) than the dry 
s~J.~un (Octobcr·:\pril). 

Lh estot· 1;: l)i SI.':I ~C:!o 

Among diseases arfecting li\ -esto~k in tht! arl.:<I. the li\cstock o\\ner~ illlcnic\\c<..! mcntioned 
trypanosolllosis, past":lJreliosis, anthrax, and gastro·intt!stinal hdminthiasis as tht: mos t 
important h\estod di~<!asc:s. All the groups ranked trypanosomosis as the lirst most important 
disease of li\estock followed b) pn.steurellosis and anthrax. The farmers ciailllt.:d 
trypanosomosis to cause reduced appetitc, rough hair coal. diarrhoea. emaci,lIion. \\cakncss 
and as a result f'I reduction in the working power of their ploughing oxen. TrypnnOSOlllosis 



an't:c.:t tlt!;!ir cuttk both during the rainy Jnd dry SC~l so n , altho ugh their catllc 100" in :.t bl.!ltl.!r 
condition during the rainy scason, the group inter\ ic\\ r~spo l1lkd. All the groups illtcrvic\\ct \ 
in \ilL.!.gl.! 26 ugrc!;!d that trypanosomas is is getting worse in the <lfl.!J.. In contrast, groups 
inh.:rviewed in village 2-t indicatl.!d that due to betic r ve"tt.!rinary st.!r\iccs provided during Ihe 
last t\\O }C"ars the disease situation hns illlprowd. Ilowcver, olhl.! r groups who arc.: u.;ce:iving 
tht.: same velerinar} service but living in a difrerent village (\ i!lnge I::! ) s ta tt.:d that 
lr}p::mo50nlosis s lil! affects their livestock. Gcnerally, the live::.tock o\\ner::. in tht.: an.:a are 
desperate because of the problem of trypanosomosis on the one h:lI1J anti lhal or malaria on 
lht' other hand. The) statt.!u thai if these probkms an.: not sotwd tht.!y may be forced to 
abandun the area. 

TrC:l tmcllt 

According to the questionnaire, 35% of tht.: livestock o'.\ne rs are treat ing th~ir cattlt.! 
themselves against trypanosomosis. In 3011/0 of the cases treatillent is done by tht;: o\\n~ rs 

and/or by veterinarians or veterinary assistants. When it comes to \ill agc 12 and 26 alone 
somt: 47~0 and -tl% of the livestock 0\\11I.!rs are tre:lting thdr cattle- thcmsel\es, rcspect i\l.:ly . 
Personnel invohed in the treatm~nl of livestock is indicated in rigllrl.! 2. Li \·estnck owners 
( farmers) account for some 34°/0 of the treaunents and drug smugglers (people \\ho bring 
trypanocida]s and o lht!r drugs from towns :lnd sdl them to fanners in the area) for 9% or tht.! 

tre~HmenL 

figure ::! 

Drug srruggters 

9% 

Anirrel Heallh 
Technicians 

21 % 

VeVassistants 

36% 

Farrrers 

34% 

Personnel invohcd in the Irc~ltmcnt of animal tr}panosomosis III 1\lctl.!kd 
district, North · \\est Ethiopia. as indic<lled b) qth:stionn~lire r\:sults, i\ larr.:h 1997 
(Drug smugglers arc non'proli!!Ssi0I1dl people \\ ho hriilg II"} I"mol'ida]s and 
otht: r drugs li·olll 10\\ns and sdlthcm to fanners in tht: are;l ilkgaJly) 



7 (70%) or th~ groups said th.lt they get tr) panocidals rrom vctcrinnry clillics alllJ op~n 
markets and phnrmacic:s. 3 (30~o) or the groups utilise \'ett:rinary dinics .15 a major soun:c or 
trypanocid.ds. Ncvt:rthdt:ss, when these drugs are lacking in the \etcrinar)" clinics. drugs 
mailable in open marJ...t.'ls and pharmacies art! used. 

The common Ir) panocidals used in the an:a nre diminazene acetlll4lh;. iSOIl1l:tJllliliiulll 
chloride and homidium. Some or the rarmers could not Idl the usual dose or c<ldl 
Ir) panocid;lls used to treat their livestock. Howe\'er, most farmers (particularly in \ illagc ~6) 
snit.! th:1I local farlllt:rs and the animal hC;l!th technicians in th.: village arc.: using OIlL' s .. ldlct of 
Berenil (1.05 g) for ~ 10 3 calth: and ont.: tablet of No\' idiulll for '2 canle. Figure :J SI10\\ 5 

utilisation of trypanocidals by Llnners. !'-!ulllner of treatmclll of c:.Ittlt: against lrypanosomosis 
since last yellr as indicated by the inten it:\'.-ct: is illustrated in Figure ... L 
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Fig.ure 3 

V12 V24 

Village 

V26 Total 

D Correct dose 

• Under dose 

D No idea 

Dosages of trypanocidal diUgS as utilised b) farmers (n-=105) orthe l\.kll.:l..e] 
district. l\!orlh ... wcst Ethiopia, indic:ncJ b) questionnaire, :o.brl'h 1997. (Correct 
dose: 1 sachet of Berenil® or 1 tab of EthidilJnl for 1 adult cow: Under d0St:: I 
sa.:hct of 13t!renil® or I tab of EthiJium for mort: than ~ adult co\\s: ~o idea' 
!~lnlll.:r:. \\ ith no iJr.:.1 lor this que!ition) 
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[\ Lunber of treatments of cauic :lgainsl Irypunosomosis 5ince Ja!'il ) ~nr ill 
~Ie!ekd di:.tri.:t, I\orlh· west Ethiopia as indicated by questionnaire, ~Inrch 
1997. 

Cru!I:' S el'ti o n :.1 S tud ) 

Par:l :. il olo gi c al filldin~:. 

The prevalence rilte.! of trypanosome inl~ctions in cattk in the four \ illagt.:s invt.:stig:nd using 
parasitological methuds \\as round to lx' I 7.~o·o (Conridcnce intl!rvaJ: 1 .. 1.02. ~ O. 78). Th~ 
highest pn'!'\alen~e rate \\i.lS recordl!d in \i!!age 16 (3-1°0) and the lowest in \ illoge :!-I (IOOu). 
-1 0 (-1-7.6°0).33 (39.3°0). 9 (IO. -~o) and:! (:!.-I°o) of the infcct:ons were Jue to T. cOlIgoll!ll.~e. 

T hrw.:1!i. T vivux Jnd mixeJ infections. rcs~ecli\dy. The prevalt:nce r • .ltes 01" tr)panosome 
intt!clions in difkr':lll \ilbgcs ..Ire sho\\n in Tabk 3. 

T Jble ~ 

I" 
13 
24 

"6 
lotal 

Pre\ :I!ene:.' r.:tle .!OJ 95° 0 contiJence interut (C t) of Ir: p<!f!0S0me infections in 

cJnte in four \illages orlhe ~Ictekel district. f\orth-\\csI Ethiopia . .\larch 1997. 

Number of c,l11le TrypanOS0Jlle 95°0 Confidelll::e 
eXdlllilll.!U pn.!\ilkncc rat!..! (°11) int!..!r\ <II 

100 14' (7,~, ~O.81 

48 .- (3.14, ~1.86) " 
"16 IU·I (6.16. 14.~41 
120 ' ,b 0, (25.71. 4C.69) 
484 In (I·LO~. '20.78) 

.I. Prc:\~knce folhl\\eJ b) Jifferent superscrlpt.s are .significantl) difkrent 
(Clli square-Test. p<O.OJ) 

Table -I shows tht: rei.Hi\c importance (ol.:currence) of trypanosome 5rl!cit:s in four dilTcn::nt 
\illn~l!s. Tht.:re \\\!re \liflcTcl1l.:es ot.:tm.:\!n \ilbges as regards tht.: 1I10S1 prc\aknttr~r"lhlSl\mC 

specie.s. AI on~' e\lremc, 50~,o of the parasitaemi;l in \ilbge 13 and 58.5~u oj" the parasllacmia 
III \illagc:!6 rl!sultt.:d frolll T nmgvt.:nsc! ini\:ctiIJlls. \\hik T hrllcl:i \\as the domill"lnt 5pc.!l'il's 
in \itJa:;e 1:2 (-I:!.9()u) ;llllJ \ illage:!-I (60.9'~o). 
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Tahk 4 Th(: rdativt: importanl.:t! or JilTen.:nt trypanosome sp('!L:ies in rour di n;:relll 
vilhgcs • 

T rypanosolllt: species Percentage o f in fection 
Village 12 Village 13 Vi ll age 24 Village 16 

T. CIJllgO/t!IISr! 28.6 50 39.1 58.5 
T viV(L\'" 21A 16.7 - 26.8 
T. hrllcl.!i 42.9 " - 60.9 11.2 .. U .J 

i\lixed infections 7.1 - - ? -. . ) 

~ . 1.2 .2 I-ia c m:llol o gical Finding s 

The m~an PCV (%) \3iul! of the toW I number of cattle tested was 24,85:::0,20. 8J.9u~ of thl! 
tOldl number or cattle tested had pev values of less than 27%. The frequency distribution of 
the pev readings of the overall callie tested is given in Figure 5. Figure 6 5ho\\5 the 
frequency distribution orpev (00) readings orlhe parasitnemic cattle only. More 111<11190°.'0 of 
the parasilaemiL: catllt! had pev VJlucs of less than 27%. Fewer than 10°'0 of blood samples 
wert! found to be p.:lrasitological!y positi\e when pev was above 2 711

/0. 
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f-requcncy distribution uf PC\' (%,) rl!adings of thl.! tot.1l number or !.:,mk 
tested in four \ilbges of the i'.Jctekel district. Nonh·\\I . .'st Ethiopia. ~brch 
1997. 
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Figure () Frequenc~ distribution of PC\, l ~ o) n:ildmgs ofparnsilaemic caul.: (n=-8~ ) in a 
cro::.s :>I.!clional s~ud} in \ktd .. d district. Nurth·\\c::.l Ethiopia. r-.L.lt'ch 11)9i 

T~lbk.5 ::.ho\\s Illt.:'Jn PC\' lO/o) ofr;lr~sit;t~mic nod npnf:biIJt!mil.: earth:. The I1H:an PC\' (°0) of 
p.tr<Jsiwl!mic CJttk (J.1.63±O"'! - ) was signific~mt!y h ) \\C:f than [he mC.:m PCV (~'li) of 
apar<lsitJ..:mil.! cnttk (::!5.54:t:O.21) (p<O.05, Ht.!st). There \\-:is no significant diffen.:m;1.: ill tilt.:' 
Illt::m PC\' bcmeen age groups. sc:x and nge group· sex interaction (P>O.O.5). 

Par3sitaemic 
A parasitat:ll1ic 
0\ erall 

84 21.6hO.47·' 
400 ::!5.S.b:O.21 b 

484 24.85",0.20 
<I, b i\leiJl1s follo\\eJ by dirlerent sup(.·rscnpl dIffer signillcantly 
(p<O.05, Hest) 

"' . 1 .3 L o n g itudinal S tud i e s 

The interest of this stLId~ \\as to nalll.tlt: the therapeutic and or proph) Iw.:tic dlicac~ of 
isomt:l~lmiJlum chloride 10 natural 11) panOSOnle infections. Therefore, 50 infected L~bu caul!; 
wen.; sdected from 1\\ 0 di rren.:nt \ illages ( .. illage :!4 \\ ilh tr) panosomc pre\ alenee ralt: of 
10% and village 26 \\ ith 34°/0). Village 26 \\'as selected because of the high pre\ alenc~ of 
try panosomr.: inlections during the cross-sectional stud) anJ because the n.:sult 01" the 
qlll!stionnaire suggested the occurrence or drug n..'siSlance in this \'ilbge. \'illage 24. \\ ilh 10\\ 
pn:\alence rates of tr~panosome inb:tions during the cross-seclional stlld~. \\~IS st.'lcctcd 
purposely bec<llIsc or it::; (hlSelh.: ss to \'Illagr.: :!6 and nvallabilu) of \et~ril1i.lr} 1:lcilitlcs. 
Stained blooJ smears. prep:.lred from eadl 311illlJI Oil lht: d:l~ of Irc<1lllll.!'nt. indicated that 
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52.4% of thl! cattle sho\vcd an infection with T congolen,ll!, 20.8% wilh T l'iVl/x. 18.S~u with 
T brllcl!i and 6.3% had mixed infections. 

The resuh" of drug Sl!nSiLivi ty tl!st in the tidd are summarised in Tabk 6. During Ih~ 90 days 
of monitoring a IOtal of:25 cases of relapse. breakthrough infections were recorded (Table 6 
and Annex 3). At d~lY 30 post isometamidium Ireaunent 6 cases (13°'0), all of them being T 
COlIKolt:Il:l'(! infeclions, \\ere recorded. All cattle with parasilacmia \vere Irented with 7.0 
mg.kg bw. At day 60, again, 12 animals (27.9%) showed relapse 'breakthrough inli.:ctions. T 
cOllgo/ells/! ac~oun!ed f'o r 80% of til..: ovcr311 rebpse infc~tions. Most cases of rl!lapst.: 
inft.:clions wen: recorded ill vilbge 26. 

Table 6 Drug sensit ivity of fI)p""OSomes in Zebu cattle (n=50) n:lturally infcl.:ted 
in Ihe licit! and Ire.tled \\ ith I Ill!:! k!:! b\\ isomet3'1lidiu!11 chloride 

• 

- -
Tryp::mosome bel0re No. of earth! with rebpses (doys alier TOlal numher 

SpeCH!S treaunent trt:atment) of re lapses 

Day 0 Day 30 Day 60 I Da~ 90 

T congol..:nsc 26 6 8 6 ~O 

r d"'IX 10 - - I I 
T hrllcei 9 - 0 - 0 

~Iixed 5 2 , - - -
:-':umber 
examined '" 50 46 43 31 

P~rcent,!ge of 646 (13%) 12, ·U (27.9°0) 7" 3l (22,6°/0) 25,50 (50°·0) 
rd,lpses 

•• > , , .. .. "' number ()f cauie prl;::;cllt and t.:xJIllIllt.:d nt l.:J,ch \ !Slb excludmg I.:.ltlle \\ollleh .!lIl.:au) shO\\I.:t! 
rdapse breakthrough infc(;tions during the previous visits. 

PCV rl!l1t1illgs 

There were significant increases in the average PC\, reJdings of the ("aule du ring tht.: lirst 
months after treatment Crable 7). However, the development of subs.;:quent rdapse infections 
was follo\\ ed by falls in haematocrit values (Table 7). 

Tabk 7 Average PCV (~u) readings nner tre.:lIment \\ith 1 mg,'kg bw isoll1c t3111idiuIlI 
chloride and subsequent treatment of r.:ach rl!lapsebreakthrough infr.:("tlons \\ ith 

No. 
39 
39 
39 
39 

7 m!!.,k" uiminatt::nl! aceiUrate (Repeated IllCaSlirC A1\:O\',\) - • 
e-.:amined'f Days afler Ireatment Mean PCY (%) 

0 21.3958' 
30 26.! 304 b 

60 26.06:25b 

90 :24.5744 11 

., - .. . . 
~le.m::; lollo\\eu by dllft.:n.:nt superscripts ddfer significantly (p<O.Ol) 

oj. number of animals present and examined at all visits. 
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.t.2 Dru g Se n s itivit y S tudi es in i\ li cc 

Tlm!e T I.:ollguleIl.H! field isolates we re selected randomly from the relapsed populatil)ll in the 
fidd (set: Annex 3) anti tested for their drug sensiti\ ity in mice:. 

The results of drug sensitivity tests in mice an.: sUlllmariseJ ill Tabks 8, <) ,lIld 10. 
lsomel<.1midium chloride auministered i.p. at doses of 0.5 to -4 mglkg b\\o t11ikd completely to 
cure mice infl!.:tcd \\ ith the three T cOllgo/em'4! isolales. Like\\ isc, treatlllclllS with 
dirninJzcne <lceturale at Joses of 3.5 III ~8 l11!.!iku: b\\ did not clear the para~ih~s in all of the 
miee inli:cteJ \\ith three different T. cOl1gol..:nst.! isolates (Tabks 8. 9 and 10). The re was a 
correlation bel\\een the time of relapse and the dose of the drugs used sllch thm mice treated 
at hl wer doses showed J shoner time to relapse than mice treated :It higher doses (P<O.OO1). 
Mo:,t orlhe miee die:d of infection 3 to 4 \\-cds after the infection had rdapsed. 

Table 8 Drug sensitivit~ of T congo/elise (.\1t30J,ET 97iPAWE 73) in mice In:"l!1.:d 
\\-ilh tiiminazem: i.lIld isomelamitiiulll 

Drug 'do~e Number or mice fvh:.lIl rdapst: inlen3! 
rdapseJ. Ireal~ti in days (:SD) 

Dlm;nazt!n~ ace:lurale 
3.5 mg'kg 5. 5 5.8=0.45 

7.0 mg kg 5·5 6.0±0.0 
I-LO mg l\":g 5,, 5 8.2x~.05 

~8 .0 mg kg 5i5 15 .6::::2.5 
I::':Ollll:ldlllidiulll chloride 

0.5 mg,'kg 55 6.4=0.89 
1.0 mg kg 55 7.-b:O.89 
2.0 mg 19 5. 5 9.6±0.g9 
4.0 mg 'kg 5;5 16.6=".1 

Table 9 Drug sensi!idty o( T congo/ells!:! (~1!301 ET!97,." P.\ \Vi::: 77) in mice treated 
with dimill3zene and iSOmel'llllidiuIll , 

Drug/duse ~umber of mice 

I 
~ !e~1I1 rdi.lp~e IIlter\.1i 

rdapsed trealed in days (±SD) 

Dlminazcne aceturalc 
3.5 mg kg 5,5 6.2:l: I.! 
7.U mg kg 5 5 5.8± 1.8 
1.t.O mg kg -- 7.8± 1.1 ) . ) 

28.0 mg kg , -
7.8±1.1 ) , ) 

Isomelamidiulll chloride 
0.5 mg kg 5,5 5.8± 1.1 
1.0 mg 'kg 5/5 7.6±2.2 
2.0 mg 'lg. 5,5 I 0.2± 1.8 
-4,Olllg 'kg ) '5 19.4~6.5 
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Table 10 Drug sl!l1sitivilY of T congo/ense (ivlBO rlET/9 7/PA WE 87) in mice trented 
with diminazene and isometamidium 

Drug/dose Nu mber of mice tvh:nn rdapse inkrv.tl 
relapsed/ rreated in days (·SD) 

Diminnzene accturatc;: 
3.5 mg/kg SiS 5.2:::0.4 
7.0 mg/kg 5i5 3.6::: 1.3 
14.0 mglkg 5/5 S . .J± 1.3 
28.0 mg/kg 515 7.6±1.7 

fsometamidium chloride 
0.5 mg/kg SiS 4.2± 1.6 
1.0 mg 'kg 5/5 3.0±O.O 
2.0 mg/kg SiS 9.0±'2.0 
4.0 mg/kg SiS 23.4::!:5.1 

5. DI SCUS SION 

:-\ questionnaire W3S administered (0 liveslOck 0\\ ncrs to I-..no\\ whether trypanosomosis is a 
constraint to livt!slod .. proJuction in the area and in that Cilse to identify cattk" herds highly 
sllspiciolls for carrying drug resistant If, panosoml! populations. 

The results of the questionnaire suggested th~u If) panosomosis occurred in the are:! (rom the 
time ofsett!ement ofthl! farmers and that there is considerable losses due to the dise"Js!.!. Ir lhe 
losses due 10 trypanosomosis is continuing in the same extent il nmy result in tOlnl 
abandonment of the area by the farmers. The results also indicmed thar Ih!.!re is indiscriminJI!.! 
us,;: of tr)p3nncidal drugs to treat cattle. Treatment of cank by t:1rmers is a common 
phenomenon and most farmers are underdosing their calli!.!. Some of the reasons for 
und!.!rJosing callie are the ev~r-increasing prices of trypanocid.ll drugs, lack of ,l\3iLlbililY of 
tr} panocidal drugs, insufficient \ eterinary sen ices and lack of knO\dedge of uliiis3tion of 
trypanocidal drugs. This result is in agreement with the repon o f Geerts and! lolmes (in 
press). These .:luthors stressed tl1.:1t many errors occur in calel/ldling the correct dos~s for the 
treJtment of nnim;;lls because of the faci that unskilkd persons nre allo\\cd to administer 
drugs. Furthermore, as the drugs are rdatively expcnsive the re i~ n temptation to 0\ t:rdilutc 

the drug and hence underdosnge. UnckrJosing is Ollr.! of tht: 1ll.lja r causes of n:sistmcc 
development. Subtherapeutic drug concenlr~tions exert n strong sdective prr.!ssLire far tht; 
emergence of resistant clones tha! pre-exist in the trypanosome populmion. 

In the present study nn o\erall trypanosome prevalence r.:lte of 17.'2~1I (con tidL'nL'c interv;;ll ('I: 

I-LO:!. :W.78) \\ as rL'cordcd. The result disclosed th.:lt T CUllgO/I!II.H! \\ ilh -17.6° u of thL' 
infectIOn is the mosl prevalent Ir)panosome species in the village catlle population of tbe 
Metekel district. The finding that T congo/ells!.! is the most pre\·a lcnl tr) pnnosome species in 
thl: study popuLition is in ac!.;orJ.IIl!';c with !.!arliL'r f!.!ports J"rom !Jlh!';f parts of 1:lhiopia 
(Rowlands el aI, 1993: Abebe and Jobre, ! 996). Rowlands el af. (1993) reponed a prC\uk'llI;t; 
filte in caule of 37% for T congo/ew,e in SOlllh-\\cst Ethiopia. A recent r\,;.·p0rl b) Abd"lL' and 
Jobre (1996) indicJted infcl..":tioll ratt: of 58.5°'0 for T congo/ense, J 1.2% for T vil'lIx and 3.5 0 0 

for T. brllcei in the tsetse infes lcd arcas of Ethiopia. 
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In village 26, \o'e t~r i Jlary services are poor anu most cattlc an: Ireat~d by lin!stud.: ownc.:rs, 
\'.her~as in village 11, IJ and 2-l the \ct~rinary services pro\ided me more developed. 
Signilicantly lower pn:v'lknl:l! rates or Irypanosollll! infections wen:! recorded in th...:se vi Ilagcs 
v,hen compan:d 10 village 26. This may bt! basically Jue to the better veterinary services 
provided to these villages anu the veCtor conlrol program which \\as still aCllvc during the 
study period (Tibhun f!l al.. I (97). At the beginning or this vector control inwrvclltion 
(1'.:on~mbc.!r, 1995). the pn:\·nknce rates of trypanosome inrections in villages 1.2, 13 and 2-l 
\",crt: 15.6°/u, 19.5% and 27.5%. rcspecti\dy (Tilahul1.:1 (II.. 1997). The. results in the present 
stuuy indicate a decline in Ihe prcvaknce rate oj" trypanosome infection:> parlicularij in 
\illages 1J and 2 .. L following the IIltcf\l:llIion under the pilol vector control trial. r\ drop both 
in the app:lrent density o f the tsetse Ilies (G. ruchinuidr:.\) and thl..: pre\'3IencC' rate or 
trypanosome inli:ctions obs~f\eu in thc three villag~s during the (\\0 years pilot vector control 
intern:ntions \\3.S mainly rellccted in T. vil'ax infections (Tilahull el (/1., 1997). for insl.IllCI:, 
prt:-intervcntiun haematological e:\amin~lion in 1995 sho\\ed that in \illnge 2-l.90.2I}u of the 
Iryp:mosome Infections \ ... cn~ due to T vivllx. 6.0% dut! to T congo/eIl.H! ami 3.85% due 10 
T hrIlL'r:1 (Ti\;.lhull d at .. 19(7). In IhlS cros:s· sectional study no T. "il'ax inft!ction \\as 
encllulll..:reu in the same \'ilL.lge and Ill..: percentage of T congolens/! and T hnl(:(!i infections 
wel"l: 60.9°D and 39.ID'II, respectively. Onc or the factors which could have depressed the 
inclJence of T vivax is the lISC of drugs. The lo\'"er ratio of T Vil '£L\· h) T cUI/go/ens/! and 
T brlll"/;ti infections in this SlUu~ supports t:ar!il:r lindings (D'It:tcrellef al. 1(88) and suggests 
that cattle may more readily dl..: ... dop immunity 10 T. vil'''x than T c:vlI;,{olensr: (i\IJcLennan. 
1970). In East Africa, T I'hut is generally less virulent than T congo/ells': anti c(ln~<:quen tl y 

ca!ll~ d~velop toleranc!:! 10 T VIl'iIX more rCJ.J!i y and t!~sily than to T. cOlIgo/~llse. 

In the ~rl.!sent cross"sl:ctionai stud) an ovcfi.lll l1le:ln PCV value of2-l.8% was n..'corJl:d. Mon.: 
tlh1n <)oo"u of the parasitaemic catlle had pev \allles of less Ih,ln 27%. The Illl.!itn PC\' of thl: 
pafJsitJemic callie (~1.63=:OA7) \\35 5ignitic:lnll~ !O\\ef than that of aparasitaemic caule 
(2 .. L85±O.2). 1 he apr":i1r~lnce of parasilOlogicall~ negative animuls \\ itb PCV values of less 
thJ.n '27~ ·D may bc dll~ to th:: inadequacy of the detection method used (~Iurray el aI. , 1977) Of 
delayed reeO\ery oj" the ;,mnellllC situation nfter curr~nl tn:iltmc:nt ..... illl trypanocidal drugs. 
Trypanos\)me infel..:lion is characte rised by ,:H1 intermittent incn,';1se and drop of par<1s itJcmia. 
r-.lore senslti .... e diagnostic t:'!chniqul:s \\hir.::h can be used in the field are urgcntly rcquircd in 
orJl:r 10 ascertain till: trUt' prev:llence of Il"ypanOsomcs in thc field. Tho;! appear:lI1!..:t: of m!gillivc 
results in animals "ilh rc\' values of less than 27°0 nuy also possibl:. be attributed to the 
compounJed effects of poor nutrition and concurrent haematophagus helminth info;!cliuns such 
as h.lcmom:hosis and blillostomiasis. Copra logical C'x:tmin,:lIioll sho\vl:d that l7.8u o or Ihe 
cattle in vilbue 2-l and 10.5% in vilL:lI.!C' 13 \ ... ere harbouril1!! nem::lloue C'I.!!.!S (Tiiahull eI 01. - ~ ---
19(7). 1"hl: importance or gastroil1h.:stin.ll hdminthosis in th~ are;.! was also underlined by the 
livestock owners. Thl:. appearan~t: (If positiw animals wilh pev of gr":::lIer thall 17°'u may be 
explained by rt!cent inll.:ctiuns of the anim.lls. In conclusion, the present study n.: veakd thai 
parasitaemia deprcsst."d rev. 

Vill .. 1g.e 26 w:!s selel:teu for th~ longitudinal tield study because of Ihe high pre\·alcl1ce o f 
trypanosomes recordeJ during th~ cross-sectional study and bJsed on the;: n::sults of the 
qut.!!:>tlolln.lin:, \\hkh sugg..:stl.:u thai th~rl..' is illdi~l:rililinatc usc or trypanocidal drugs to Irf.:at 
c;:\Hk lISlhllly by t"annl:fS and mor.: complaints of liVeSIOl:k (lwlll.!rs and herJsl1lcl1 in Ihis 
\illa!:!1: aboultht: Sut.:CI:SS ot"tre<llment. Additionally. vill:lge 2-L \\ilh h)\·\..:r prl:\akll4':c rates of 
Irypanosullll..: 11l1'eClioIlS. ".as induued in Ihe stud) purpusdy bcr.:au!:>1: or bdtl:r fanners co .. 
op~raHon, availabili ty or some fncililies for (he study and its closeness to village .:!6. 



The re sults of the longitudi nal drug sens iti vity stuuy dCIl1(}n str~tet! 6/-46 (13%) 
relapse/breakthrough inrec ti ons in the field within 4 weeks of Ir~atlllent wi th tht: prophyluClic 
dose of isomelamiJium chloricit:. Most cases of the relapsed/br~aklhrough infectio ns (80%) 
wer~ due;: to T CtmgfJ/ense. Thl.! results presented here have shown lha( Ihl.! pc.:riod of 
proph} id:-.is conferred by isomelamidium against Irypullosomes, mainly o r T. congo/cllse. \Vas 
vcr} shurt; k :;s than I 1110nt h. This is furtb:r supported by the rt:sults of drug sensit ivit} tests 
in mice. Similar results h;l\e b~cn reported by Ro \\lands (!I (II. (1993) from South-\\est 
Ethiopia and by Sutherland 1.'1 al.( 1(91) under control kd laboratory conditions. Sutherland e/ 
a/. (199 1) reported that Ihe p..:riod o f prophyluxis conferred by 1.0 mgAg bw isometamidium 
chloride .... as less Ihan 28 days in cattie challenged wi th a clone o r T. cungo/ense which 111 

therapeutic tria ls hnd been shQ\\!l to be highly resis tant to isometamediull1 chloride. 

At prl!sen t the prc\J.h.:nce of d rug resistance in trypanosolllcs across Ethiop ia is un kno\'vn . Thl' 
result presentc.:d here is in accord.:H1ce \\ilh earlier reports in Soulh-west Ethiopia (Scott and 
Pegram, 197-4; Codjia e/ aI., 19(3). Scott and Pegram (197-4) described the occurrence of 
homidium resistant populations of T cOlIgolL!m'e in DidcsS:l and Angar valleys in Wollega 
province, Their field obsenalions showed that 25 J o of treated callie devcloped parasiwemia 
within 30 days of treatment \\ ilh I mg/kg bw of homidium. The work done in Ghibc \nlle)', 
Ethiopia. described the presence of multiple-drug resistJnt strains of T. congo/eme srecies 
(Codji<l cI aI., 1993). rvit)reover, reCt;.'11I licld observations in Ethiopia bas~d all cloned 
populations showed thai the drug-resistant phc1101ype of T (;on~ol(!nsl.! hut! not altered on:r a 
period of -4 }e:\rs (~lulug.:1la el £II. 1997). Because high le\'el s of multiple-drug res ist31lt 
infections appc3rcd 10 be cxpressed at the kvel of indi ... idual trypanosomes. it was concluded 
that chl.!ll1otherapeulic ngents per ;}e would not control tr),p3nosomosis at Ghib~ on n J.:mg 
term bnsis (CoJjia et al .. 19(3). 

Despite a signific~ll1t rercentage of rdapse infections in the present study. lr~.:lIlllcnt w;lh 
I mg,'t..g bw of isomt:I.lJ11idium chlo ride has sho\\ n an improvement III the rcv of Ille cattlc 
during the first l110mhs nne!' {r~;Jtmenl. Cauk which show~d relapse i nl~c{iolls \\I?re 
subsequentl} tre<ltcd \\ith 7.0 mg.'kg b\\ diminazl.'!lc <lCeIUr;lle. This improvcment in th.: rev 
readmgs ntkr Ireatmt:i1l Ill:!y be due La eiimin3tion of the st;.'nsilive populations of 

trypano~ollles from the animal body. ~ltI!ugeU1 .:1 til (1')97) st resscd that administratioll of 
different drugs tl) which thl;' subpopula tions are sensit ive, \\ ill Clim;1l3te th.: whole 
try panosome population. 

The results obtain..:d her~ in mice confirm the: results of the fidJ study. I somt!l~lI11 idiulll 

chloride aJministereJ intraperilOne.:llly al doses of 0.5 to -LO mg h.g bw and dimin<1lcne 
aceturate at doses of 3.5 to 28 mglkg b\".. fai led completely 10 curt: mice infected \\ ilh three 
dift't:rcnt T congo/eme liekl isolutr.!s. Since both drugs failed to curl..' (h~ inli:clions in all do.scs 
tested, tht: minimum curat;\'!; dost: (i\ ICD) for ench of the isolatcs could not be dete rm ined. 
! 100\cver, from the rt:sults obtained the minimum curative dose (t-.ICD) \alll~s for all tht thrcc 
isol:Hcs appeared Il) be gr~aler th~n -l mg'kg b\ ... of isom!.!t~miJium chloride and grt:alt:r than 
:::8 mg/kg bw of dUllinazt:ne aceturate . This linding is in ngr~el1ll!nt with the rt;.· ports of 
ChitdlllO and Araka\\ (1991) \\110 descriht:d Ihnl clones lkri\cd (rom the tl- Iumb\\<t isnlatc 
\o,.'ere resi:;lant to isumet;lmidiulll , with MCD of -l mg/kg bw isometamid iulll. and 10 

diminazent!, \\;tl1 ~ICO of 1-4 to 28 mg/kg b\\ diminazene. Th!.! same authors uscd a single­
tf)panosolllt! deri\cd cloll:ll population from the original Chisamba iield isolates as a senSili\e 
control; it was rro\eu to be sensitive to both ;SOlll('[CHll1di um nnd diminaLcne. with minimum 
curati\e dose (MC D) values (minimum dose n~ct;!ss<lry to <lchicve 100% cllre: in at least 3 
mice) of 0.5 mg/kg bw isomet3m id ium and 7.0 mg/kg bw dimin:lzent;! in micc. T he isola tes 
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described in the pn:scnt worJ... indicated that eVen 4 fo ld of the MCD for the scns i ti\ ~ cOlll rol 
Isolates used in Zambia (Chitambo and Arak,l\\ , 19(2). in the case ofdiminaz!.!nt:. and 8 fold 
in the case of isomt:tam idium, did not clear the parasites in mice. Tht: prese nt fi eld isolates 
also h.ld greater ~ICD \\hen comp~red to the Zambian resistant isolates dl.!sc ribl."d abo\!.!. 

Therefort:. the three T congol.:nse tidd isolates ill the present study. besides slHJ\\jng relapse 
to trc.llment \\ ith 1 md kg bw of isometJlmdium in callie, expressed le\el of n.:sisl:tllC!.! to both 
isometamiJium anJ diminazcne \\ hen examined in mice. h is not kno\\ 11 \\ihether IIlI.! double· 
resist,lIlce phenotyp..: or these stocks is br.:cause they contained at least 2 distinct popul.ttioll!). 
one of which expressed resistance to isomdamiJium anJ the other \v hich e:...presscJ resistance 
to diminazene. or beL.:3ust;' the stocks contained parasi tes \\hich expn,:ssl!d resistance h) both 
drug~. If the I.l.tll:r \\as the C'lse. then the us~ or Silililti\c pairs would hi.! inclTcc ti\\..' tll In: :11 
~uch II1r~ctions. Further 51L1Liies are urgently requireJ in ord~r 10 \cnry Ihis dispute b) 
deming clone~ from the presl!nt stocks an~1 characteri!)ing them in mice fllr their sensili\ it: to 
bolh dlminazene anJ isomdamiJilllll. 

The drug sensitivi ty of tryp:1nosome popuhtions can be char.1cteriseJ by using ill \'ilro 

cuhihHion (Kaminsky el ai, 1990: Elruyah anJ "'-amins\...y. 1991). mice (S-:ott and Pegram. 
19-~: Kamll1sJ...y et ill. 1990; ElrJ:uh anJ K:ullinsJ...y. 1991) and ruminants. In this stud} caule 
nilturall) inlected in the lielJ \\ere used so that the data can have direct relevance to the lielJ. 
\\ hieh is not tht: Cil!)e \\ ilh data obtained in mice IJr in vitro as there is no consi!)tl.!nt correlation 
betvveen the sensiti"it) e\pressed in these s~stems and thm expressed in cattle (Sones el 01 
1(88). These canle.: \\t:r..: nut kepI ill fly·proor stables or in a nOll tSl.'be area bU( father tht:) 
\\ae left to graze under their n3tur~t em ironment. Therefore. the risk of reintection during the 
study \\as nOl elimin3t~d. \Ve do liot knol,.\ whether the rcl:lpse in th!.! field is ii'0111 the 
tr)p;mosome plJpuhnion \\hich \\-<lS alreJJy present in the animals b<..'fore tn.:mmcnt or fwm 
pe'pulations after reinfection " .. ith drug resistant tryp.lnosomes_ lIo\\c\er. this technique 
gener;]tes ;l userul prdimin:try inIOn1UHIOn a~ to th~ ellic:lcy of isom~t.lmiJium chloriJI.! to 
tr)p'lI1osvme populations present in the <!re:l is concerneJ. i\loreowr. it can also be lIseJ in 
sitll~tions \\here l..lbor.llory fJeilities ar~ \ cry limiteu like: the ;:a!;;~ in ~lclek('l region The 
method sho\\eJ tha! isometlmidium chl0ride: at a dose rOote of I mg J...g bw is 110 more 
accomplishing its originall) des.:ribed mission of protecting cattle fiJr tl period or l-l to 36 
\\eeks as i\letckei regilJ!l, North-vy'cst Ethiopi'l i~ ~unct:rned. Nc\ertheles:), this method usuall) 
requlft:s long follow up period and one can not exclude the poSSibility of interferelll;!.! or the 
stuJ~ .mimals b~ the li\.t:~tud o\\ners. The assay ill mice, also used in th~ present stud). h.l~ 
an ad\'antage of cheaper alternati\es. IIO\ .. c\t:T. it sufters from disJ(l\antagcs that 111051 
T l·h·t/x and some T nmgo/t!fI:'Jc isob.tes do not gro\~ in mice. 3ssessmenl of the (kgree of 
resiSLJllcr: requires a brge number of mice per isolme ~lIld it usuallj t:tke~ 30·60 tb) ~ to 
e\'alujte the drug sen~iti\ ily of an isobte \\hich is quit~ long. StJndardisJ.tioll of the existing 
tes!s should recei\e high priorit). especi:..zlly the assays in mice and in the I.kiini tin: hosts . 
beciluse the.se can be carried out in less \\etl equipped labor:1tories. This should allo\\ the 
est:tblishment of a rcsist:l.I1t monitorin::: systt:m, to clJl11pare d<.ll:t on a tcmpor:tl anti sp3tial 
basis Llcross Africa. 

I Drug thcrJPY has bCl:1l the main strategy lIs..:U ill the pi.b! to control tryp'1Il0!)IJI1l0S1S 111 th ... 
study site and throughout r:.thlopia (Slin:;cnbcrgh. 1902). There is a nourishing brad market 
and fJrmers L.:'1Il ["lUrCh,be a \ariety IJf tryp.lIlocid.ll drugs in most \illage llldrJ...cls 
(Questionnaire result), :tlthough all trypanociJal drugs are supposed to be importr.:d thrllugh 
the \Iinistry 01 Agriculture. 11 is suspected that the \\ iJespn: :lJ use and misllses of drugs 
contributed to Iht: de \ dopment of Jrug resistance in the population of T cr)l/J;:IJ!I:I1.\·,j Pilnlsitcs 
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in the Metekel r~gion of Nonh-wl:st Ethiopia. Whit~sidt: (1960) recorded that cirCUIllSIJnCI.:S 
tt'lllling to produce resistant parusite populations in the lidd includ~ underdosing "ith anti­
tr)panosoJllill Jrugs. th~ irregular lise of prophylactics or their discontinuation while .:attk 
remain [1\ risk, and the high incidence of trypanosomosis. Gelll.:fally, the expOSUfe of par:!.siles 
to subtherapeutlc drug concentrations, due to underdosing and uncontrolkd us.,; uf 
tr}panocida! drugs Jue to 1.lck of proper diagnosis hJve been considered as the major reasons 
for the increasing drug rcsist J nc~ throughout Africa. Ilowcver, CIaUSl:l1 cI (II. (199::!) :!nd 
Geerts and Holmes (ill press) stressed thai the prolonged and frequent use or trypanocides in 
high challenge areas. even when \\ell applied, is likely to select for resistance as \\ell. 

/ The epidemiolog) of drug resistant populations of trypanosomes is dynamic i.c. once 
established the incidence is progressivdy spread \\ ithin the population. for inslanct.:. tlit.: 
inciJence of recurrent i!lt~ction W:lS 7~;J in 1986 and it increased to 1..J~ o in 1989 in the Ghibt: 
valle) of Ethiopia (RO\dands (!/ al.. 1993). Transm ission by tsetse flies docs not appear to 
arfect the drug sensitivity of Ir) p:!.nosomes and drug resistant strains 1"t:I11Jin resistant ah.er 
passage through tsebe Ih:s (Maloo ,:111..1 KutUZl. 1990). Therefore_ this trait is ~ nO\\ 11 to b!.! 
stable for a long tilll~ anJ such stocks can sprcnd 10 \\ ider nre:!.s through callie Illo\!.!menl 
and 'or the spread of tst.:tse populations. There is lherefor~ an urgent need for JelJiled 
e.\perimellt:ll \\ork in Iht' fidJ as well as under laboratory conditions to monitor the 
development of drug resisw.nce in pathogenic tryp;mosomes nnd its impact on li\t.~shJCk 

produclivity in f'o..'letekd region in particular and across the tsets!.! infested ZOIlt' of Ethiopi.1 in 
general. Furtht:rmore. socia-ecunomic studit.:s should bc: conduclt.:d 10 iJentil~\ J~ll:tor::i \\hich 
inl1uence the de\ doplllt'nt or resistance to trypanocidal drugs. 

6. CONCLUS I OXS 

I. rhb ~tuJ) demonstrated thnl tr)pnnosolllosis is a ll1<1jUI" constr~lintlo lih!:stod. dt:\i.:Iop!llt:nt 
in sdet.:l~d \ IIlug\!s of the :vklekd Ji::'l!iLt, North-w.;!::it I.:.thiopi.:t. The trYP;lllo.;nml..' 
pre\·.:t lences appeared [0 b~ higher in villages \\ here the \ ererinary sef\icc: is poor. most 
cauk .:trt: treated by livestock o\\ners Jnd as a result cattle an: exposed to subcurative doses 
of trypanocidul Jrugs. 

II lhe general health conJition of the cnnle population unJer stud), as indil.,ateJ b) pev. \\as 
poor. Tht.: me:m PC\, .. alue of the cattle eXilmint:u \\<I:S f01!lld t\1 be 24 8~1J. Parasit:II.:mid 
depressed rcv signifil:<1ntly, 

III The field study has sho\\11 that the pt:.riod or prophylnxis conlC!rred b) I mg kg bw 
isometamidium chloridi: in cattk ror T ClJllgoi.:nse infection \\DoS less thall I month. 

IV. Despite Do signil ieant pc.:rcentngl! of rddpse/brea"-through infe..:tions in the field, trt'utment 
\\ilh I mg/kg b\\ isometamiJilllll and subsequl!nt treatmc:nl \\ilh 7.0 11lg. kg b\\ diminazene 
acelurate has shown <In incrc:ase of rcv but only JUring the lirst month aner tl"l:atlllC!li. 
Ilowe\er, this treatment regime \\otlld certainly not bl..' cost cfti.:.ctivc and IllOst proh:lbl) 
sd:ct for drug r ~sist<lnl tf} panosome populations. 

\'. Three T wllgo/em\! fidJ isola1l.:s deriving from tht: study .m:a :shll\\ed rt:sbt.mc..:- 10 both 
isometamiJium and diminazene wh~n examined in mice, Further studies an.! urg":-Iltly 
rt:quired in order to verify \\hethc:r this double resistance is e.xpressed by individunl 
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trypanosome populatioll or by two distill!.:1 popula tions, o lle of which express n:s ist:J llcc !O 
isomd amitiium am.! the other to diminazt'ne, b) de ri \ ing c10lles Jnd charat.:tc rising thcll1 in 
Illice (or Ihl!ir sc.:nsilivity to both diminnL.t!llc nnd isometnmidiu!11 . 

VI. Giq~1l the potentinl probl~ms associated with drug resist~lI1ce there is n need for detailed 
epidemiological wor\... in the rielJ as \\ell as in the labor3!Ory to monitor the dC\e!opml' l1t 
of drug resistJIKt! in pathogenic trypanosom..:s nnd its imp,lct Oil livestock producli \ ily in 
Metekd region in particular and across the tsetse inl~stt'd zones or Ethiop ia in gellc.: ral. 

\·11 The great agri~ultural pOIt'lllial of the Metekel region, North-\\ cst Ethiopia, can only be 
exploited if cattle trJpanosomosis and Ihe arising appearanct! of drug resistance is 
cOlltrolJ..!Li. Therdore, more allelltioll should be given to adopting an in tegruted di se.:!s!'; 
mJIlJgement strategy. invohi ng thl.! vCClor as well as the parasite. Such stra tegies nel!d to 

be economically ft.:J.sible, sm:iali) acct:plable and sustainJ.bk and environmentally sound. 
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S. ANNEXES 

Anll e x I 

QUES TIONNAIRE SET TO IN TER VIEW A GRO UP OF FAIIMERS , 'BOUT IIt.RD 
S TR UCTURE,. DIS t."".-'S E AND USA GE OF TRl'PA N OClDAL DIIUGS: 

Peasant Associmion ................................................. Date ............... . 

Village ................................... . Code ..... ......... . 

A. LiHstock i\-i :lII ag(: llI cnl 

I. When you first st.:ltl~d in this an:a which livestock did YOLI start keeping? 
a. cattle 
b. sillull ruminants 
c. others (spec ify) 

2. 110\\. do you manage cattle: 
a. free grazing 
b. Tether 
c. Siall feed 

3. If cattle arc allotted to free gmzing scheme. art.: they in herd? or in small groups: 

4. \\'hC're do cattle gr~lzt:? 

5. \\'here is the location or livestock watering point? 
................................... , ................................................................................................................. . 

6. Does the Stream flow all around tht: year or it dries up in long dry season? 
Sl..!ason or strt:<ull avaibbility .................................................................................. . 
Season it dries tip ................................................................................................... . 

7. Ilow long is the distance or \vataing point from the grazing arl..!<l? 

8. 110\\ long is the disw.nct.: or \\ah:ring point from Ihl! C:"Ittle barn? 
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9. In which season/month of thl.! )'e-ar is livt:stock f~ell most availablt.: ? 
................................... ............................... .. ............. .. .............. 
........................................................................................................................................ ............. . 

10. In \\hich season is it I~<lst avaibblt:? 
...................................................................................................................... ........ ................ ........ 
.............. ................................................. ....... .......... .................................. ................................. . 

II. Can you mention the it:l.:'d types 'I\'ailablc in din~rent sensons? 
Season Feed tvpes 

1. \\'hat are the most common diseases affecting your livestock? 

:!. Does trypanosomosis occur in this area? 
<Yes. No, Other) 

3. Iryes, would you rank trypanosomosis \\ith regard to cattle loses compared 10 other 
diseases? 

4. Which livestod does trypnl1osomosis most aft~ct? 
- CaHk (Yes, No, Other) 
- Small ruminJ.l1b (Yes, No. Other) 
- Others (spec; fy) 

5. What signs do YOll commonly observe \\ hen your anim:1Is gel sick \\ ith trypanosomosis? 

6. In which season, months do lin~s!Ock most often get the disease (tryp,lIlosolllosis)? 

7. \VdS trypanosomos;s present "hen you seule in this area? 
(Yes, i\o, Other) 

8. I f no, \\-hen did you first cncounterthe problem of trypanosomos!s in youI' cattle? 
a. I)" ear afler senlcment 
b. 5)" ears aftl:r settlement 
c. 10)" ears after settlement 
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9. Is trypnnosoll1os is gelli ng wo rse, b(!tlt.:r o r unchanged in th is area since you lirst 
encoun tered it in (he area? 

a. it is gen ing worse 
b. it is gett ing better 
c. it is the same 
d. I do not know 

10. Do you know that !lit.:s transmit trypanosoillosis? 
(Yes, No, Others) 

I f yes. which flies do ) Oll think to Ir::msmit Ir) panosomosis? speci f) 

II" Do you know that tsetse (local name) flies transmit tr~ panosomosis? 
(Ycs, No, Others) 

Iryes, can you identify tsetse flit.:s: (Yes. j\:o, Other) 

12. In which senson/ month are these flit.:s Illost 3bundant? 

13. Wher(! is tsetse populJlion high? 
<l. in nn:as close to th(! ri\ 'er 
b. in the grazing scheme 
c in the bu!)h 
d. in savanna nreas 

C. Tn: aIIlH:nl 

I. \\here are the common treatlllent sourct.:s? 
a. Veterinary Clinic 
b. Local farmers 
c. Smugglers 
d. Others (specil\) 

2. \\"ho is applying the tn:atment? 

a. Local 1~lrl11ers 
b. Veterinarian. assist.lllt \derinari:m. animal health technicians 
c. Smuggler.:; 
d. Others (.:;pt:ci I» 

J. Which drugs are 1110st commonly used in tht.: area? 
(nJmesi t) pt:s/colour etc.) 
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·t Sinl:e \\ hen have yo u be~n using e~K h or these drugs? 
a. Since 20 years 
b. Sinl:e 10 years 
c. Siol:c 5 years 

5. \\ 'bidl drugs, do }Oll think, an; most ef/\.:eti\e to treat your animills ag;linst 
trypanosomas is? 

\V hieh ones 3n~ less dft.:cti\·e? 

6. \Vh~1l you lise trypillloddais on ,aul\;,' do you usually treat: 
a. all your animals 
b. only sid., animals 
c. only mature Oxen 
d. only CO\\S in milk 
c. others (speciry) 

7. em you tell the lISU~l! Jost:s used p~r course ortreJtm~ll t per animal ordifli.:rent bod~ 
\\eight? 

8 Are there If;.lditionailreatmcnls or managem~nt practices to cure anim.:1ls from 
tryp:mosulllosls? I r) es. v.-hat? 

9. Do you think th~lt tht.: probkm of trYPJ.nosomosis is expanding to IlC\V areas? 
l Yt:s. ~o, We Ju not kno\\") 

If yes, \\ hat are the ne\\ arC3S affected? 

rh:lIlk You! 
i'\amc of inten'iewer ................................................ . 
Date ...................................... Signature ........................ . 
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QUESTIONNA IR E SET TO IN TERVIEW INDIVIDUAL FARMERS 

Name of the tilrJncr .......................................... . Code ........................ . 
Villug\! ....................... _ DatI.! .................. ...... . 

A. Livestuck Ivlanagclllcnt 

J. \Vhich livestock do you keep'? 
a. Canle 
b. Small fumin<lllts 

c. Others (specify) 

::!. Ilow many canle are unJer )our managl,;'tllent? Ilow mJny art." privtHely owned by you? 

3. 110\\ do you manage cattle? 
a. Fret! grazing 
b. Tether 
c. Stall feed 

~. Ifcattle are alloc3h:d to free grazing scheme. are the}' in herd or ill small groups? 

5. Where do caltle graze? 

6. 110\1; hJllg is the disI31lce of grazing land from callie barn'? 

7.110\" long is the distance ofw(ltering pOint from the grazing area? 

B. Treatm ent 

I. Where do ~Ol1 commonly treat your aninuls "hen thr;:y get sick \\ith trypanosomosis? 

a. At home 
b. In V(.!t. Clinic 
c. Others (specify) 

2. Who is applying the tr.:atlllcnt? 
a. You yoursdf? 
h. Vdt.:rinarian or assist3llt veterinarian 
c. Animal health tc.:dlllician 
d. Drug Smugglers 
t!. Otha:> (specify) 
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3. Which trypanocida]s arc you cOlllmonly using to treat your ani mals? 

·t Whnt quanti ty of trypanociLials do you use to treat your catlk? (in t:lb. sack t:tc.) 

5. How much money do you pay to get a singk mature oxen treated? 

6. IIO\\' many times did each :lIlinKlls get veterinary Irt.:'atment agJ.inst tryp,:mosomosis since 
last )ear: 

a. one time only 
h. two times 
c. three times 
d. mort: than three times 

7. Can you tell ho\\ much expense is incurred in payment for trt.:'3tment against 
trypanosolllosis since I<l~t YCJ.r':" 

8. Orlhe cattk tr~:Hcd last time: 
<l. h".m many art.:' healthy at present'? ............................ . 
b. \~hcn \\ere these animals lastly treated'? .................... .. 
c. calculate Ja) s bt:t\~een Ireatment.. ............................. .. 

9. Ho\\ many cattle have you lost due to trypanosol1losis since last year? 

i O. 00 you h~l\e any tr) panociual meuicl!le no\\ in stock'} 
(Yes, No. Other) 

If)cs. can )OU sllo\\ pkase? how many months since you acquireJ it? 
Ilow do you use it·~ ......................................................................... . 

Thank You! 
Name of illtenjt.:'\\t.:'r ............................. . 
Datt: ................... . 
Signaturr.:: 
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r-\nllc~ 2 Expcl-imcnt:d :luimals usell fur the drug, sensitivity test ill the lidd 

Villn!;e Anull<l1 St:-: A!;..: Estimated Parnsi[;1emia rcv Da!e of Dose ill Dose in ml 
"0 body WI. bdore RX RX IlIg kg 
Ear tJg. 
00 

24 51 M 5 150 T.C 27 11 ')'97 I 15 
24 -, ,- M 6 250 T.C 20 11 5 C)7 I 25 

" 53 " 6 200 T.C 20 II 597 I 2U 
24 54 M 6 150 T.C 25 II 5/97 I 15 
24 55 M 6 200 TC 30 11 597 I 20 --- .---
" 56 M S 250 T O 26 II. 5.'17 I ,--, 
24 57 M 4 100 T 0 '0 11l5,97 I 10 
24 58 M 8 150 TV 28 11<5,97 I ,--, 
24 59 M , 150 TV 15 II 59- I 15 
24 60 M 6 :WO T. C ,--, 115.97 I 20 
24 61 F 5 150 TV 15 II 5'97 I 15 
24 62 " 5 200 TV 20 11 5,9- I 20 
2' 63 F 1 8 100 T. C 24 11 597 I 10 
24 .4 M 6 200 T.C ,--, I Lj 97 I 20 
2' 65 .\1 3 150 T.\' 20 II,j197 I 15 
24 66 M 4 150 T.V 27 1],,5.97 I 15 
24 6- F 2 100 T. n 20 I I, ).1)'7 I IU 
24 68 M , 200 Til 20 11.597 I 20 
24 69 " i 5 150 T n 20 , J I 5.97 I I 15 

" 1 70 F 5 200 T C 1 ,--, I II 5.9- I 20 
24 71 M 1 5 150 T. V-T.B I ~7 II 59- I 15 
26 72 " 10 100 TC I ~O 11'597 I 10 ,. 7J " I 5 150 T. B +TC 20 11 5,9:- I 15 
2. 74 F 4 150 TO 2·1 11;5·97 I 15 
26 75 F 8 IUO T.C 15 II 5.97 10 ---26 76 \I 4 150 T C 20 II '5 9'1' 15 
26 77 F 6 IUO T Viol' C 21 11.5 (r III --
26 78 " 1 2 100 T.C 27 1[5-97 10 
2. 79 M , 150 T C 19 II 5.9 - 15 --
26 80 " I 50 T. B " II ).'9"' 5 --
'6 81 \I 3 200 TC"'T V 20 11 5·9- ' 0 
26 82 " 5 150 TC 19 11 597 15 
26 83 M 6 15U IC 20 II 597 15 
26 84 F 5 200 TO 24 II 597 20 
26 85 " I 5 150 T V ... T. 13 ,--, II 597 15 
26 86 M . 3 100 TC 25 I t.5 97 10 
26 87 F 7 150 , T.C 20 II 597 15 ._- -
26 88 " 4 15U 'T C 15 ! II 5 '97 15 
2. 89 M 4 1 200 1 T C ,- II 5. <)- 20 -, --
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Conlil111~d (Anl1t:x 2) 

26 90 M 51ll 40 T.B 28 11 /5/97 I 4 

26 91 M I 80 T. V 20 IlIS/97 I 8 
26 92 F 2ni 30 T.V 40 11/5 97 I 3 
26 93 M 4 150 T. V 21 11'597 I 15 
26 94 F 4 150 T.C ,. -, II Sf97 I 15 
26 95 F 8 I SO T.C ., ,- I 1/5 97 1 15 
26 96 F 7 150 T C 15 il 5 97 - 1 15 --
26 97 r- " 150 T C 18 II 597 I 15 
26 98 r- 100 T.C 20 1 1/5:97 1 10 
26 99 ,\1 2 SO TV , . -, I tl5 97 1 S -
26 100 " 6 200 T.C ,. -, 11,597 1 20 
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Annex "' Ca icul :l li ull ofln~a'menl tl oscs 

Bi!rI!Jli/® Iref1lm enl group:,: 

Thl.! Illi.lximum uosaglo: uset! fur t!iJll i n~w;nt; act:tur~ltt.: Irl.!atl1lt.!l1l groups 111 Lhl.! present slwJy 
was '28 mg/kg b\\ 

(a) Treatment group: '28 mglkg bw 

For I kg (IOOOg) bw -)28 mg diminazent: ace lura Ie 
25g mouse -)25~ x 28 11)~ diminazl.!ne acelur:l.Ie = 0.7 mg 

lOOOg 
Therefore, \\e need 0.7 mg diminazene for a mouse weighing 2Sg. 

1 g (1000 mg) l3e reni1® --+-1""5 mg diminazene 
0.7 mg Jimini.lz·~ne --+0 7 011: x \000 mz l3erenil 

""45 mg 
Dosage per mouse--+ 1.57 Illg Berenil®/ml dis ::lkd ,· .. :l.te r (157 IllJ BereniJ 100 111 1 distilled 
water) 
- dissolve 157 mg l3erenil® in 100 ml distilled ".:lter 
- mix 

- inject 1 1111 into each mouse of the fOLmh treatment group C8 1l1;d kg bw) intraperitonl.!all)_ 

(b) 1 n;;:Hment group: 1-I111:d kg bw 

- to obw.in l-l mg,,'kg bw diminazene aceLUrate the pre!Jaration for 28 mg.'kg bw. is double 
diluled. 
i.e. 10011 ('28 mg 'kg 8I.!rl!nil®) + 10 ml distilled water 
- from this pr~paralion 1 tnl \loas injected inl") each of the [i\'e nitce III the third t]"l;.'ntment 
groups ( \4 Illg ''kg bw) 

(c) Trl;.'atm~nt group: 7 O1g,1.;14 bw 

- to obtain 7 mg''k::: b\\ tliminazene acetumtc the pr..::p:mnion for 14 mg/kg b\\' IS double 
dillneJ. 
i.e. 10 ml (1"" mg. kg bv. Derenil®) + 10 tnl di::.tilled W31er 
- from this pn:pi:lfation 1 ml was injected into eJch of the li\e l1lic~ in the st!cond trt:3tment 
groups (7 mg' kg bw) 

(d) Treatment group: 3.5 mg kg b\\ 

- to obl.Jin 3.5 mg:kg bw dimill3Lelll.! aceturate thl' pr.:paration lor 7 mg 'kg bw IS doubk 
diluted. 
i.e 10 IllI (7 rug 'kg bw Ikn:nil®)1 10 ml distilled "mer 
- from this preparation I III I was injected into each of Ihe ri\e mil.:e in the second Irt-atmcnl 
groups (3.5 Ill!:',. kg. bw) 
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Trypamidilllll® treatment groups 

(a) Tn:atment group: " mglkg bw 

1 kg (1000 g) --> 4 mg 
:}5 g mouse ---+:::!5!,: x 4 Ill~ = 0.1 mg isomet.:llllidium 'mouse.: (ml) 

1000g 
- mix 100 mg trypamidium w itlt distilled wo.ter until it reaches a volume of 1000 ml. 
- inject each mouse in this treatment group \\ith I ml of this solution i.p. 

(b) Tn:,Hmenl group: 2 mg kg b\\ 

- dilute the preparation for -4 mg 'kg b\\ by I':} (i.e. 1 part of isometamidiul11 (4 mg kg b\\) and 
1 part of dis Ii lied \\3h:r) 
- inject each of the 5 mice in this Ireo.linent group with Iml of this solution 

(e) Treatment group: I mg /kg bw 

- dilute the preparation for 2 mglg b\\ by 12 (i.e. I part of isomelamidiulll (2 rug kg bw) and 
I part of distilled w:ller) 
- inject eJ.ch orthe 5 mice in this treatment group with 1 011 oflhis solution 

(d) Treatment group: 0.5 mg "-g b\\' 

- dilute the preparation for 1 mg /kg bw by \ /2 (i.e. 1 part of isometamidium (I mg kg bw) and 
1 pnrt of distilled water) 
- inject e3ch of the 5 mice in Ihis Irentillent group \\ith Iml oflhis solution 

(e) Tre:ltment group: 0 mgkg bw 

- inject CJch of the 5 mice in this Irt!atrnent group \\ ith I Illl of distilled water. 
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Annex 5 Prepanltion of PBSG so lution ~lnt1 eryoprcscr-v;ltion 

Stock Phosp h:llc-huffcrell sal ine so lution cPS), PH 8.0 

Na21IPO~ x 211 20 
Na l l,OPO~ x 111 10 - -
Noel 
11,0 '0 

16.90 g 
0.78 g 
~.25 g 
1000 1111 

Phosphate-buffered saline-g lucose (PSG) so lu t ion, Pit 8.0 

PS 
H,O 
Glucose 
G lycero l Solution 

400ml 
600011 
25g 

Three parts of 100% Glycerol solution IS mixed \"ith seven pnrts of PSG to obtni n 30% 
glycerol solution. 

S t:lbibiion of tI-YP;1Il0S0 1lt ('s (C ryop rcsl' rvatioll ) 

The stabilntion proct:durt: consisted of the follo\\ ing steps: 
- obtain 5 ml of blood from the jugular vein of an infected animal with EOTA trented 

vncutalner 

- take 0.5 ml of 30% glycerol and 0.5 ml of EDTA blood into serum via ls (to have a final 
glycerol concc:ntrJtion of 15%) 

- mix gently 
- labd according to \\ '110 (1979) recommendation 
- leave for 15 minutes 10 t:quilibrate at room tempe raturc 
- insert the tubes (vinls) into a piaclJcll1 insulatt!d i<u-gc screw cap plastic bottle. The ptnsticine 

covering the tube should be I em thick 
- suspt:nd in tht: vapour phase orthe liqu id nitrogen container and ,lllow to cool for 2 ho urs 
- after cooling, transfer the test tubes from the cooling de\ ice to a storage canister in the liquid 

nitrogen bath 

The roll()wing procedures m:re used to check the stnbila tes: 
- withdraw u tube (vinl) and ins tantly tlm\\ at room lemper.:!ture and examine fo r the mobil ity 

and d~gree of viability 
• infect mict! and check for infectiv ity. 

57 



9.C RR I C L U .\ I V I TAE 

;\ame: 

NationalllY: 
Date and Place ofbin h: 

b..luci.llion: 

Acadt:mic qualification: 

Professional Experience: 

Workshops anJ trainings: 

Yoho.nn~s Afc\\crk rvlebmtu 
Eth iopian 
20, Dl!c~mber, 1970, 
Dir~ Daw3. Ethiopia 

Ekmentary and Junior SeconJ,Jr) School. Jijiga. Ethiopia 
(1976-1983) 
Secondary School , Jigiga. Ethiopia (19S~· 1987) 
Uni \ ersity, Addis Ababa Universi ty. Ethiopia (1988-1993) 

Doctor of Veterinary ~ Iedicine (OVj\.1) 

District \'eterinary Officer( 1993- 1995) 

Ad .. anceJ level training course in Goat lIealth by F AR~I-Africa Dair) GOal Development 
Project, Dire Dawa Zonal \' etcrinary Laboratory. Ethiopia .. 29 0:o\. - I-J. D~c 1995. 
Certiticate 

Project (-. tonitoring anJ Evaiu:'lIion ( ~ lonitoring lind E\aluierung \·on Projchten C:-' I&E). 
a Workshop by K..AAD (Katholischer Akademischer AusHimle r-Dienst), Euskirchen. 
Germ:I.IlY, CertiJicate of participation. 26 February-Ol r.. tarch 1996 

l~' Join! Workshop on Vett:rinary Epidemiology by the Free LJni\crsit)' of Berlin and the 
Addis :\ bab;l Unin:rsit). Ocbre Zeit, Ethiopia. 9 December-~O December. 1990. \\ ith 
Ccrtilii,,:~lle or participation 

58 



10. S I G ;>'"ED DECLARATION SHEET 

. , 

I the under signed. declare that the thesis is my original work and has not been presented for a 

degree in any L"niversity. 

Name '(ohaotJes A{eUlfrk 
Signature 

Dme of submission 
t.r • 

This thesis has been submined for examination with our approval as L'niversity advisors. 

Dr. Clausen 

Or. Getachew 

~/// :Jpg?-



1998/YOH/1413 

AUTHOR Yohannes rl fe~erk 
TITLE Field 1nvesth;a.LioD on 
t he aupearance of dung ••••••• 

C_1 

DATE DUE BORROWER'S NAME 

1998 
YPH/1413 

• 

Field Investigation on the appearance of 

Drug- Resistant populations of trypanos­
ames in Metekel district, North- west Ettl 

Yohannes Afewerk 

C-1 


