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A BSTRACT 

The current study was conducted from August 2003 to March 2004 with an attempt to 

determine the prevalence, morphologica l characteristics and susceptibili ty of Ogadcn isolate 

of fI. COl/tOr/ liS 10 Albclldazo lc and Tctramisolc. During the study period a total of 196 

animals (114 sheep and 82 goats) ofOgadcn ori gin were examined. The overall prevalence of 

Haem ollchus species was 9 1.23% and 82.93 % in sheep and goats respectively. Where as 

37. 72% and 40.24% prevalence of rrichosirollgyilis. axe; was recorded in sheep and goats 

respectively. Statistically signifi cant difference (p < 0.05) was observed between different 

months of the study period for both abomasal parasi tes. Out of 3187 female Haemonchus 

womlS recovered from sheep for vulvar morph study, 49.49%linguiform, 28.51% knobbed 

and 23% smooth were recorded. Similarly from goats out of 2386 female Haemonchus, 

53.83%lingui fonn, 18.45% knobbed and 27.61 % smooth were recorded. Statistically 

significant difference (p < 0.05) was observed among the three major vulvar fl aps between 

different months of the study period in both sheep and goats. A total of 1580 linguifoml 

female Haemonchus from sheep were further classified and differentiated into 27. 16%A, 

14.80% B, and 5.34%C and 2.18%1. Similarly from goat a total of 1285 linguiform female 

Haemonchus were identifi ed as 27.35 % A, 17.54% B, and 6.63% C and 2.31 % I. With in the 

linguiform morphotypes, the A type linguifoml was noted to exhi bit monthly fluctuation (p < 

0.05) during the study period. In the current study from a total of 76 sheep a total of 1159 

adult male Haemonchus recovered and identified into 95.08% H. COllfort llS, 3.45% H. placei 

and 1.47%H. longistipes. Similarly from a total of SSgoats, 84 1 male Haemonchus were 

collected and identifi ed as 96.55%H. contortus, 2.97%H. place; and 0.48 %H. IOllg;s/ipes. 

With regard to the di stribution of mono and/or poly specific Haemonchus species. oul of the 

76 sheep examined 57.89% were harbouring H COli tor/us only, 22.37% H. cOlltorlus and fl. 

placei, 7.89% H. /ollgislipes and H. placei and the rest 11.84% were hav ing H. C01ll0rtllS, H. 

placei and fI. longistipes. As fo r goats, out of the 55 animals examined, 58. 18% were found 

to harbour H. conlorlus mono-species, 38.18% H. COII/orlUs and H. placei. 3.64% H. 

longis/ipes and H. place; and unlikc sheep nOllc was found to harbour triple Haemonchus 

species. This result unveiled the coexistence and sympatry of Iwo or three Haemonchus 

species in a single small mminant host thus requ iring the cons ideration of such heterologous 

hosts in the control strategy of the parasite. On the other hand, a total of 30 lambs were used 

for efficacy eva luation of Albendazolc and Tctramisole in the controll ed experimental study. 
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The lambs were divided into four treatment groups of five lambs in each group, one posi ti ve 

and one negative control groups also consisting of five in each group. Exiptol Grecce. 

Albendazole Pakistan, Tctramsole Greece and Duxamintic Pakistan anthclmintics were 

eva luated by FECRT, controlled anthelmintic effi cacy lest and egg hatch assay test. Epg was 

observed to be strong indicator of induced infection in all the infected groups of animals 

showing statisti call y very signifi cant difference (p < 0.05) between pre infection, 1'051 

infection, pret reatment and posHreatment during the en tire experimental study period. All the 

drugs were found to possess a 100% efficacy value up on eval uat ion by aforementioned 

efficacy detection techn iques indicating also the susceptibi lity of Ogaden isolate fI. COll lorlllS 

to all tested drugs irrespective of their origin. In view of the fac t where hclminthosis 

dominated by haemonchosis is confTOnting animal productivity of the study area, due 

attention to the disease and cont rol intervent ions should be launched to minimize any 

economic loses and increase small ruminant productivity. Any control option that needs to be 

conducted in the study area should consider the coexistence of two or three species of 

I-IaemoncJllIs spp in single host and involvement of heterologous hosts. The eflicacy of the 

evaluated anthelmintics can only be maintained and conserved by wise and belter utilizati on 

of the existing drugs to prevent the inevitab le problem of anthelmintic resistance as the 

consequence of anthelminti c usage. 

Key words: Sheep, goat, Haemonchus spp, Prevalence, Vulval morphs, Eflicacy, 

Albendazole, Tetramisole, Ogaden, Ethiopia. 
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I. INTRODUCTION 

Africa has a high population o f 205 million sheep and 174 mill ion goats representing 

approximately 17% and 31% of the world total respectively (FAD, 1990). Where as the 

population of sheep in sub-Saharan Africa is estimated at 127 million head , while that of 

goals is est imated at 147 million (Winrock, 1992). The arid and semiarid zones together hold 

the majority of sheep (57%) and goat (64%) population of Sub Saharan Africa. Indigenous 

sheep and goal breeds constitute over 95% of the small ruminant population of Africa. They 

are owned by the majori ty of smallholder rural famlcrs for whom this resource is cri tical fo r 

Illurition and income. Sheep and goalS are highly adaptable to broad range of environments. 

They can utilize a wide variety of plant species and are thus complementary to cattle and 

camel production (Rege, 1992). 

Eth iopia with its great variation in climate and topography possesses one of the largest 

livestock populations in the world, which is managed by smallholder fanner under extensive 

low input traditional management system and adjunct to crop production. The latest estimate 

gives 34 million cattle, 24 million sheep, 18 million goats, more than 8 million equines and 59 

million poultry (ILeA, 1993). Of the total sheep population in Ethiopia, 75% are raised in the 

highlands with altitude above 1500 rn .a.s. l. receiving more than 700rnrn of annual rainfall and 

sustaining 92% of the human population. The rest 25% are reared in the lowlands. Goats are 

widely distributed in all climatic zones but with a high concentration in dry areas. This is 

because they are well adapted to hot and dry conditions and mainly to the fact that in dry 

zones there is less opportunity for alternative land use (ILeA, 1988). 

1n spite of the huge small ruminant popUlation in Ethiopia however, underdeveloped 

infrastructure coupled wi th poor management practices, low nutritional status and di seases 

considerably affects productivity. The share of helminthosis in thi s regard has been 

ant icipated to tantamount the combined effects of other ill health . Avai lab le fragmented 

infonnation revealed thai infection due to II. cOlltorllls, F. hepafica , 0. columbiallllm , T. 

cOllJibriformis, D. filarial, etc are responsible for the prevai ling marginal productivi ty 

resulting from morbidities and morta lities in sheep and goats in different parts of the country 

(Bekele et al., 1982; Tekclyc et al., 1987). Losses from livestock production due to parasi tic 

diseases especially helminths are very high both in developed and developing countries 



(Jovanovic el al. , 1981 ). Parasi tes inflict hann to animals due to their pathogenecity. shanng 

nutrients and by predisposing thcm to other diseases (Ageymang el al .. 1981). 

In Ethiopia helminth infections in ruminants arc charactcristically chronic and insidious in 

nature and have attracted very little attention. including research funds. when compared with 

viral, bacterial and some protozoal di seases. This is in spite of the nlC\ that they ul1doublCdly 

exert a heavy toll on the heath and productivity of this vi tally important li vestock resourcc, 

with obvious implications for the n lral and national economics of thc country (I3ckc lc er ul .. 

1982; Tekclye el (1/., 1987). 

III livestock production, the use of antiparasitic drugs to control intemal and cxtemal parasitcs 

is a widespread practice throughout the world. The number of domestically avail able broad­

spectrum anthelmintic drugs has increased since the introduction of thiabendazole in the early 

1960's. The mai n objective of using various chemotherapeutic agents is to control the adverse 

effects of parasites on the productivity of the host before the \Vonn burden reaches a high 

level and the res istance of the host is compromised (Waller, 1993). Several anthelmintics 

wi th different modes of action are available in the market for the con trol of Helminthosis. 

However, the intensive use of these drugs to suppress infestation has resulted in rapid 

selection for resistance (Waller, 1993). 

Currently, failure of anthelmintic effi cacy due to anthelmintic resistance in sheep and goat 

nematodes is becoming a wide spread threat in Europe, Australia, South America and is of 

increasing importance in certain African countri es like South Africa and Kenya (Bjorn el aI., 

1991). 

In Ethiopia, the use of anthelmintics in he lminth control is known and has been going 011 for a 

quite long time, laking a considerable share in drug costs. Smuggling and improper use of 

veterinary drugs including anthelmintics is a widespread practi ce in the country. Although, 

anthelmintics are very commonly used in Ethiopia, and despite the great variety of drugs 

circu lating in the market legally or illegally, almost no efficacy trials are conducted in proper 

and regular manner and no report is available as to the susceptibili ty or resista.nce of 

economica lly important parasites such as Haemonchus cortiortus to different chemical groups. 
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Iience the main objecti ves orthc prcsent study arc: 

,. To establish the prevalence or abomasal parasites in small ruminants or Ogadcn region 

or Ethiopia and study some morphological characteri sti cs or Haemonchus species 

isolated from the study animals. 

>- To evaluatc the slisceptibilit), of Ogadcn isolate II. COlliorlflS to Albcndazolc and 

Tetramisole drugs originati ng from different countries 

}.- To undcrline the global emerging problem or anthelmintic resistance and forward 

appropriate recommendations. 
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2. LITERATURE REVIEW 

2. 1. Role of Sheep and Coat Prod uction 

Small mminants have a great potential to affect Ihe SOCioeconomiC development of the 

majority of African mrai communi ties. Increasing small ruminant production can boost fann 

income by generating cash income that can be used to purchase inputs for other production 

activi ties hence improves the quality of life of the people of the sub-Saharan Afri ca. Tropical 

Africa has a high popUlation of small ruminants but productivity is generally low with low 

contribution to the total GOP (ILeA, 1988). 

Small ruminant production is an important component of livestock production in Africa. 

Human diets wi ll not contain necessary amounts and kinds of amino acids unless they include 

protein from either animal products or an unusussaJly well designed combination of foo?s 

frolll plants (FAO, 1983; ILeA, 1988). 

It is difficuh to determine accurately the contribution of small ruminants to human food 

supply and general welfare. Sheep and Goats fu lfill important functions in the life of the small 

mixed farmer. They provide meal, some milk, skin, and hai r and wool, generate cash income 

and play traditional social and religious roles (Devendera and Mc leroy, 1982; Jahnke, 1982). 

Estimates indicate that ruminants contribute 80% of the total food production from livestock 

in tropical Africa. Of this, small ruminants account for about 22%. It is estimated that 

ruminants supply over 3.2 million tones of meat per year, representing over 72% of the total 

meat product ion (Jahnke, 1982). 

Small ruminant meat account for about 30% of the total red meat production and over 20% of 

the total meal out of Sub Saharan Africa (FAD, 1990). Small :ruminants account for about 

2 1 % of the total milk prod uced in Sub-Saharan Africa. This is HboUI 26o/oaf the milk OUlput 

from cattle in the region. On the basis of dollar values used by Winrock (1992) for meal 

monetary contributions of small ruminant to GOP (gross domestic product) were estimated to 

be 1286 million whi le milk output contributed about 11 62mi ll ion dol lar. 
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Small ruminants are useful to humans during periods o f cycl ical and unpredictable food 

shortages. They also help balance the energy and protein suppl y during nomml variations 

between seasons and years. The small s ize and early maturity of sheep and goats give them 

several di stinct advantages in smallholder situations. such as they can crriciently l1tili7e 

marginal and small plols of land, the risk on investment is reduced by smaller individual size. 

allowing more production units per unit of investment; and there is a faster tUnlover of capi tal 

because they are sexuall y mature earl ier and are younger at slaughter. Small nllninants appear 

to withstand drought better than cattl e (Campbell. 1978). 

Crop sales were limited to certa in seasons, but the sale of small ruminant and milk was less 

season dependent. It therefore represents a dependable asset for emergencies. I.n general, 

li vestock contribute to the stab ility of fann income because they can be bought following 

good crop performance and sold fo llowing crop fai lures. Livestoc.k also serves as a currency 

in wh ich social obligations are expressed (lngawa, 1986). 

Small ruminants contribute in soil fenility because their manu re and urine is very essentia l 

components for maintaining agricultural products as only few famlers have access to 

commercial fcrt ilizers (Regt:, 1992). 

Small ruminants facilitate utilization of marginal lands in that crop production is a high.ri sk 

enterpri se in Sub-Saharan Africa in which about 13·16 million km 2 or nearly half of the 

continent is desert or arid grassland and savanna. Livestock famling is the only way to 

support any human life at all in much of the pastoral ist system (Brown, 197 1). 

In the semiarid areas of Ogaden, which are non-agricultural potential , li vestock, production is 

the main and only possible activity of the nomadic pastoralists. Among the livestock sectors 

on which the pastoralists of the Ogaden region make their livelihood, shcep and goats are the 

mai n cash income and play an important role (CACC, 2003). The majority of Eth iopia's 

sheep mutton export comprise of BHO (black head Ogaden) sheep that has a high demand in 

the world market. So BHO sheep plays great role both in domest ic and foreign market trade. 
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2.2. Helminthos is as Constraints of Sheep and Goat Prod uction 

Health disorders in all classes of small ruminants represent a factor that great ly affects the 

economics of sheep and goat production. GIT parasiti sm together with an inadequate 

husbandry system is thc main constraints to small ruminant production. Parasi tes impose 

severe economic constraints and arc the major important causes of diseases and producti vity 

losscs, particularly helminths infect ions arc aillong the Illost prevalent nnd widely distributed 

ones (ILeA, 1992; Barger, 1982). 

The most serious problem confronting sheep and goats production worldw ide is infection with 

GIT nematodes. Parasitism ranks high among the fac tors that limit the productiv ity of sma ll 

ruminants although its effect is often underestimated. Economic losses relatcd to these 

parasites are caused by reduced perfonnance which includes reduced weight gai n, dec reased 

production in meat and milk, poor wool growth, poor feed uti lization. treatment and 

prophylax is costs and mortality (Edwards et al .. 1976). 

iII the US alone, parasites cost the American livestock industry an est imated 2 billion dollar 

per year in lost productivity and increased operating expenses (Sonstegard and Gasbarre, 

200 1). 

There are few reliable estimates of the economic importance of GJT helminths in Africa and 

Ethiopia. Herlich (l 978) reported a loss of more than 30 mill ion sheep and goalS throughout 

the world because of helminths. Akercjola el af. ( 1979) have estimated that the losses from 

parasiti c diseases in Nigeri a's sub humid zone arc higher than those attributed 10 PPR and hc 

reported Helminthosis was the most encountered and prevalent di sease in the area and he 

estimated the loss because of helminth infection in sheep and goats in Nigeria to be NGN69 

million per year. Also Rey (199 1) indicated I J% of the marketable animals were lost because 

of endoparasiti sm in Nigeria. Assoku (l980) studied the helminths of sheep and goats on the 

Accra p lains of Ghana and he found that 80% of the sheep and 83% of the goats were 

infected. In Kenya in most areas Haemonchus is identified as the predominant nematode 

species followed by Trichostrongylus species and in 1976, Haemonchosis alone was 

estimated to cause an annual loss of approximately 26 mill ion dollar in sheep and goal 

product ion (Allonby, 1976). 

Accurate and up to date estimates of its socioeconomic impact are lacking in Africa and 

Ethiop ia but economic losses are believed to ari se through poor growth rate and feed 
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COil verSIOn, reduced meat and milk yield, carcass and ofTa l condemnation, impaired 

reproductive efficiency and, in some localities loss of draught powcr (Tcklye el al., 1982). 

Although quantitative data on direct and indirect losses due to helminth parasites in rum inants 

in Ethiopia is meager, available infonnation indicates that the parasi tes occur in all ecologica l 

zones and production and economic losses may be high due to both clinical and chronic sub 

clinical infections. Graber (I97S) indicated that helmin ths are responsib le for reduced 

productivity of animals by imposing losses every year that is difficult to numbcr but probabl y 

very high. Mulugeta et at., (1989) reported ye:uly losses of 700 mill ion Birr due to 

endoparas ites in Ethiopia. In highland Ethiopian sheep body weight losses due to 

endoparasitism ranged from 3-8% (Teklye et al .. 1982) and caused 28% mortality. The 

prob lem of parasitism is compounded by the fact that under the traditional system, livestock 

are usually reared extensively, which increases infestation and makes control measures 

difficull. Young animals are the most afTected and parasiti sm could aggravate other conditions 

such as nutritional stress and susceptibility to other diseases. 

2.3. General Overview on Helminths 

/ie/mil lS or helminlhos is the Greek word for worm, and host is derived from the Latin hospes, 

a house or household. Helminths of veterinary importance belong to four Phyla: 

Nemathelminths, Platyhelminths, Acanthocephala and Annelida, of which the most important 

ones belong to the first two phyla. The important classes of helminths belong to the class of 

Nematoda, Cestoda and Trematoda (Reinecke, 1983). 

Nematodes (round wonns) are unsegmented, hair like, tubular wonns ranging in size from a 

few millimeters to several centimeters. Nematodes are a group of womlS, whieh are 

responsible for most of the helminth di seases of veterinary importance, and tissues or organs 

of every class of vertebrates and even some invertebrates arc vulnerab le to invasion by them 

(Brander el al. , 1991; Dunn, 1978; Reinecke, 1983). 

Trematodes ( flukes) are non-segmented flal wonns, nevcnnore than a few centimeters 111 

length, which parasitize the organs and tissues of vertebrates. Their lire cycles always involve 

more than one host in which diverse larval forms are capable of mUltiplying asexually 

(Brander e/ al., 199 1; Dunn, 1978; Reinecke, 1983). 
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Cestodcs (tapewonns) are nat, segmented , ribbon like Wonns, the adults of which may be a 

few millimeters or several meters in length and li ve exclusively in the small in testine. wi th 

few exceptions complet ion of the life cycle requires that their larval fonlls develop in 

intemlediate hosts (Reinecke, 1983; Soulsby, 1986; Brander et al .. 199 1). 

Gastrointestinal nematodes of the order Strongylida are the most common cause of cli nical 

Heimin thosis, which is caused by the infection of digestivc tract due to the presence and 

development of nematodes in the wall or the lumen of the abomasulll s, the small intestine, 

and lor large intestine (Brander, et (II. 199 1; Bowman, 1995). The infestations arc the s inglc 

most important cause of losscs, in both dcath and poor growth, in countrics wherc ruminants 

arc kept on pasture the whole year and the disease thcy cause is charactcrized by persistent 

diarrhea and wasting (Radostits et al .. 1994). 

The trichoslrongyoid nematodes are small , oftcn hairlike wonllS in thc bursate group, which 

are especially conunon and pathogenic in grazing ruminants, but horses. swine, cats, and birds 

also host important species. The abomasums and small intestine are the usual locations in 

ruminants, but Dictyocaulus reaches maturity in abcrrant locations in the air passages (Dunn, 

1978, Soulsby 1986; Bowman, 1995). Structurally they have few cuticular appendages and 

the buccal capsule is vestigial. The males have a well-deve loped bursa and two spicules, the 

configuration of which is used for species identi fication. The life cycle is direct and usuall y 

non-migratory and the ensheased L3 is the infective stage (Soul sby, 1986; Radosti ts el al., 

1994). 

The tri chostrongyloids including Dictyocaulus are responsible for considerable mortality and 

widespread morbidity, especially in ruminants. The most common gastrointestinal ncmatodes 

of smail ruminants, which are very pathogenic and economically important ones bclong to the 

following genera: Haemonchus, Trichostrongylus, Ostertagia. Oesophagostomum. 

Bunostomum, Cooperia, Nematodims, Mars/wl/agia, Mecistocirrus, N),ostro),ngylus. 

Strollgyloides and Trichuris (Dunn. 1978; Soulsby, 1986; Brander et al., 1991 ; Acillo and 

Mays, 1998). 

In all of the genera the life cycle is direct with out requiring an intemlcdiatc host. The eggs 

are passed in the faeces and under suitable environmental conditions hatch , producing two 

successive non-parasitic larval stages and the 3rt! infecti ve larvae. Ingesting thc 3rd larvae 
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while grazing leads to infection in ruminants. Thc L) of the trichostrongylc group penetratc 

the mucus membrane (in the case of N OeIl/OIle/llls and Trichostrongylus) or Cnier the gastric 

glands (in the case of OSlertagia). During the nex t few days tbe L) moult to the 4111 stage La 

and rcmain in the mucous membrane or in the gastric gland , for about 10·14 days. Then they 

cmerge and moult into the young adu lt stage Ls. Most trichostrongyle mature and stan egg 

production at about 3 weeks aner infection . The infec tive larval stage of LJ of the 

Oesophagostomum penetrate lumina propcri a of the intesti nal wa ll and the hosl response to 

the infection which surrounds the L] resu lt in the fOmlati on of fibrous nodule (Soul sby, 19 6; 

Radostits el al., 1994; Urquhart el al., 1996). 

The transmission, incidence and intensity of in fections are detenllined by several 

environmental, host and parasite dependent innuences and phenomena; the most dominant of 

which are, meteorological factors, methods of husbandry and systcms ofliveslOck production; 

host age, nutrition and acquired immunity; larval hypobiosis and concurrent infections 

(Ogunsusi. 1979). 

In most natural infestations a mixture of genera and a spec ies is found but in most di stricts 

one species is of greater importance. The worms are predominantl y parasites of young 

animals but in small ruminants the most commonl y afTected age groups are weaned lambs and 

yearlings. Im portant predisposing factors are hi gh pasture contamination, malnutrition and 

overcrowding. In all animal species the disease is of most importance when the plane of 

nutrition is low but massive infestations can overwhelm well· fed animals. Moderate 

infestations can be borne by animals on good feed while poorly nourished animals may 

succumb to death (Radostits, el 01., 1994). 

The effect of infestation will depend on the species present, their location and numbers; 

anorex ia is important feature of all of the di seases. Some of the efTects includes local effects 

on digestion, absorption and protein loss wi ll depend on the organ afTected and will interact 

wi th loss of appetite. Villous atrophy, plasma loss in to the intestine from increased vascular 

pernleab ili ty, di scontinuity of the epithel ium, intestinal in fl ammat ion result ing in secreti on of 

biogenic amines and loss of plasma, increase in catabolism of muscle protein and synthesis of 

the plasma protein, reduction in absorption of phosphorous and increase the loss of 

endogenous phosphorous leading to phosphorous deficiency, reduction in acid production and 

ri se in abomasal pH to 4, loss of copper from the bowel which exacerbate a marginal copper 
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deficiency, superficia l erosion of mucosa, hyperemia, cdema, and diarrhea (Radostits et al., 

1994; Urquhart el al., 1996). 

In Eth iopia wide surveys have been conductcd in area of small ruminant gastrointcstinal 

Helminthosis. All reported high prevalence as indicated in Annex I . 

2.3.1. Haemonchus 

The genus is among the largest in the super fam ily ranging from IO·30mm in length. In fresh 

specimens the worms can be easi ly seen due to thei r bri ght red co lour and considerable size. 

In both sexes there are a pair of wedge shaped cervical papillae in the esophageal region and a 

tiny lancet inside the buccal capsule used for piercing small blood vessel s (Dunn, 1978; 

Bomann, 1995; Kaufmann, 1996). 

In fresh specimens the most obvious feature in females is that the white egg filled uterus 

winding spirally around the blood fill ed intestinc·giving rise to the so·called barber's pole 

effect. The vulva is-located about a quarter body length from the tail and mayor may nOI be 

guarded by variously shaped cuticular inflations (vulvar flaps). The foml of the vu lvar flap 

may range from an extreme Linguiform shape to a knob shape or a complete absence 

(Lingu iform. knobbed or smooth). The prevalence of these various vulvar flap configuration 

varies among species and subspecies (Soulsby, 1986; Bowman, 1995; Urquhart e/ al., 1996). 

In males the bursa is large enough to appear to the naked eye as a little eyelet on the cnd of 

the wonn. The most important diagnostic features are the barbed short and wedge shaped 

spicules and asymmetrically placed small dorsal lobe and small lateral lobes (Dunn, 1978; 

Reinecke, 1983; Soulsby, 1986). 

The species of Haemonchus that are so far known to infect ruminant anima ls arc: H COII /ortlls 

is the species most commonly found in sheep and goals and it can also be found in cattl e 

when these animals graze the same pasture. H. place; is the usual haemollchlls species in 

catt le and it can also develop well in sheep and goat and causes clinical di sease but causes less 

severity than that caused by H. contor/us. H. IOllgistipes is the species that usually affects 

camels and dromedaries and it can also develop in othcr animals. H. similis is the olle that 

usually affects cattle and deer in some countri es and it can also affect other animals (Soulsby, 

1986; Radostits el al. , 1994; Urquhart el al., 1996). 
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Infections with Haemonchus Species arc a major constraint on domestic IlIminant production 

throughout the world. H placei and 1-1. COII/OrtllS arc the m OSI important species in cattl e and 

sheep respect ively (Lichtenfels et al., 1986) .These parasites mainly arrect the abomasal 

Illucosa l of their hosts. Adults and the late ~ stage larvae ingest blood which causes severe 

anaemia. Heavy infections can resu lt in the death of the host (Eysker and Ogunsusi, 1980). 

Haemonchus is a voracious blood sucking abomasal nematode and is responsible for 

ex tensive losses in sheep, goat and cattle especially in the tropics. Haemonchosis is for the 

most part a primary parasitosis, predisposing causes for infestation incl uding overc rowding 

lush pasture and hot humid climatic conditions. However, development of clinical illness 

favored by a fall in plane of nutrition particularly in young animals (Radostits et al., 1994) . 

Haemonchus is the most common in tropical and sub tropical areas or in those areas with 

slimmer rainfall, while T.axei and Ostertagia are more common in winler rainfa ll areas. 

Haemonchosis is characterized by cardinal signs like anemia, which causes pallor of the skin 

and mucous membranes and a haematocrit reading of less than 15%, generali zed edema due 

to loss of plasma proteins and progressive weight loss. But diarrhea is not a common feature 

of haemonchosis; the lesions are those associated wi th anemia. The abomasa become 

edematous and, in the chronic phase the pll increase causing gastric dysfunction (Bowman, 

1995; Urquhart et al., 1996). 

At peak infection, naturally acquired populations of Haemonchus contortus can remove one 

fifth of the circulating erythrocyte volume per day from lambs and may average one tenth of 

the circulat ing erythrocyte volume per day over the course of nonfatal infections last ing two 

months. Thus each wonn removes about O.05ml of blood per day by ingestion and seepage 

from lesions so that a sheep with 5000 H. COlltortus may lose about 250ml of blood daily. 

The pathogenic effect of H. COlltortus result from the inability of the host to compensate for 

blood loss (Radostits et aI., 1994; Urquhart et al., 1996). The spectacular depression of HB 

level , accompanied by weakness and death, are the classical feat ures of Haemonchos is. The 

anaemia of Haemonchosis is generally considered to be moderately macrocyt ic 

nonnochromie in nature (AlIonby and Urquhart, 1975). 

Observation of a phenomenon called self-cure is found to be the characteristic feature of 

Haemonchosis in endemic areas in which the major part of the adult w~nn burden is expelled 
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resulting in sharp drop in epg to near zero after the advent of a period of heavy ro in (Urquhart, 

1996). 

2.3 .2. Trichostrongylus 

The adult s are small and hairlike, slender, usua ll y less than 7mm in length and difficult to see 

with the naked eye. They are pale reddish· brown wonllS without a specially developed head 

end and no buccal capsule. A most useful generic character is the excretory pore is usuall y 

s ilUated in a distinct conspicuous ventral notch in the esophageal region (Reinecke, 1983). 

In females the most useful characteri stics are their small size double oviJ·ectors and the , , 

absence of accessory structures at the head and vu lvar region . The vu lva opens short di stancc 

behind middle of the body, and has amphidelphie uteri (Bowman, 1995). 

In males the bursa has long lateral lobes, while the dorsa l lobe is not well de lined. The 

ventroventral ray of the male bursa is separated widely from the others and is conspicuously 

thinner than the lateroventral, which runs parallel with the lateral rays. The dorsa l ray is 

slender and cleft near its tip in to two branches, which have short digitat ions. The spicules are 

usually pointed, short, stout, ridged or twisted and pigmented brown, a spind le shaped 

gubernaculum is present (Reinecke, 1983, Soulsby, 1986; Urquhart el oJ. , 1996). 

T. axei is the smallest member of the genus and parasiti zes the simple stomach of ruminants 

or abomasums of a wide range of hosts including ruminants, horses, and leporids where as the 

other species of trichostrongyles are parasites of the small intestine of rum inants and display a 

higher order of host specificity ( Bowman, 1995). 

In T.axei the spicules are unequal in length, the left being longer than the right. Both spicul es 

end bluntly, are rounded at the tip and have a tongue like semitransparent membrane 

projecting from the tip. In female T.a."l:ei vul val flap is not present, gravid wonns co ntains 

on ly up to 5 eggs arranged pole to pole and the cone shaped tail ends bluntly (MAFF, 1979; 

SQulsby, 1986; Urquhart elill ., 1996). 
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2.3.3. Effects of parasites on their hosts 

Parasites exert thei r effect on the host through various ways. Some of the effects to be cited 

include: 

>- Competition with host fo r food, which resu lt in decreased utilizati on by host (Pcter. 1989). 

y Suck blood often ca using heavy blood loss, anemia and death e.g. Hookworm. /{aemonchus 
(Brander el aI., 199 I). 

,. Dcstruct ion of ti ssues during larval migration e.g. Liver nuke. Ascaris. hydatid eysts (Brander el 
al., 1991; Peter, 1989). 

>- Transmission of infectious diseases e.g. Hislomollas meleagridis transmitted by lIelerakis 
(Peter, 1989). 

>- Embolism of blood vessels resulting in infraction, necrosis, colic and dcath e.g.Strongy lcs in 

horses (Urq uhart el al., 1996). 

>- Mechan ically obstruct different organs e. g. flukes, ascardi.\·, lungworms. adult cesfodes 

(Brander et aI., 199 1; Peter, 1989). 

>- Cause hypersensitiv ity and immune suppress ion e.g. Oesophagostomllm (Urq uhart el al. , 1996). 

2.4. Control of Helminths 

The evolution of the means and methods to contro l nematode parasites of livestock is known to 

have a very long history, centra lizing itself around chemotherapy (Waller, 1993). However, the 

threats of res istance, residue and ecotoxicity have lead some to be lieve that sun is now sell ing on 

the chemotherapeutic era, as far as parasite control of livestock is concerned (Waller, 1991; Barger. 

1996). There fore, today the strategy of helminth control has shifted to the notion of integrated 

parasiti c control scheme, which encompasses the interrelated approaches of grazi ng management. 

util ization of natural or artificially induced immunity and use ofanthelmintics 
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2.4.1. Grazing Management 

Grazinc management that invol "d · 1 . 1 . ~ yes Cp l el1110 oglca contro l of nematodes by preventmg the 

bu ild up of Jarge number of larvae on the pasture is useful to reduce the number of 

anthe lmintic treatment. In th is son of grazing management (c lean grazing). trealed animals 

are moved to pastures of lower infecti vity, pasture not used the previous year by faml 

animals. This is usually based on the knowledge of popul ation dynamics of nematode 

parasi tes whilst in host or pasture (Taylor et a/., 199 1). Alt crmllivc grazing of livestock 

species e.g. sheep and cattle is also one way of reducing infective larvae from pasture. This is 

mainly due to the little consequence of cross infection between these two species. 

2.4.2. Utilization of Natural or Artificia ll y Induced Immunity 

Infection with GfT nematodes and exposure to their numerous antigens generates a complex 

Immune response in the host both agai nst ingested larvae and the resident adult (Mi ller, 

1 984). 

The genetic resistance of host which is also the ult imate sustainable parasitic control , 

particularly for resource poor farmers is the most important merit which have to be exploited 

This is because the need to reduce dependence on chemotherapy is now urgcnt; but most 

approaches still require sustained research effort (Donald , 1994). 

Genetic resistance: Genetic resistance of hosts to endoparasiles can influence the 

epidemiology by reducing the number of eggs shed and also reducing the frequency of 

anthelmint ic treatment (Graber, 1978; Gruner, 1991). Host genetic resistance is a potential 

helminths control method. The immune response of some ind ividual animals to infestation by 

a given parasite is better than that of others within the same population. Also, certain 

population and breeds tolerate a given parasitosis better than others. Under nomml condition 

th is is due to the result of natural selection in endemic areas, but recent observations indicate 

that there exist genes responsible fo r resistance to parasites . A relative tolerance to helminth 

infestation exists, for instance, helminth and trypanoto!erant N'Dama cattl e of West Africa, 

helminth resistant Red Masai of East Africa and the 51. Coroix and Barbados Black Belly 

sheep of the Caribbean are well studied (Uilenberg, 1996). The introd uction of known 

resistant genotypes is the fastest route of success. Research works in the selection of 

nematode resistant hosts have demonstrated that the heritability of resislance is mostly 

moderate to high (Windon, 1990). 
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Vaccination : Substantial progress toward success fu l vaccination against animal parasites has 

been less readily forthcoming than prophylaxis against bacterial and vira l inrcctions of 

veterinary importance (Emery, 1996). There arc onl y few exam ples of vacc ines used against 

parasitic -diseases. As fa r as helminths are concc01ed, there is a commercial vaccine against 

lungwonn of cattle (Dictyocaulus viviparus) alld Ancylostoma cat/ilium dogs lI sing irrad iated 

in recti ve larvae (Radostis, 1994). Immunization trials using brood capsules of Eccllll icoctis 

grallu/os lIS, and preparations from Haemonchus COlllorlllS and Trichostrongylus cOlllbriformis 

confer different degree of protection against challenge infes tation. Irradi atcd f0011S of 

Schistosoma bovi, Schistosoma mattheei and Schistosoma 1II(1I/S01l; proved to confer 

resistance in experimentally in fected animals (S heelagh, 1981) 

2.4.3 . Use of Anthelmintics. 

Anthelmintic treatment is the favorite and very common method o f keeping woml bu rdens at 

a minimum level in ruminants in most countri es of the world . The effec t of anthelmintic 

treatment is manifested in many ways, such as enhanced growth rate, reproductive 

perfomlance and wool production (Darvil et 01., 1978). 

Protective dosing with anthelmintics has become an im portant part of most preventi ve 

program against cl inical or sub-clinical parasitic di sease. Two usual classes of treatment 

programmes arc:: strategic treatments carried out at the samc time each year, or at the same 

stage in the management program, with the specific purpose of reducing con tamination; and 

tactical treatments which are added to the strategic particularly in pastu red an imal s, to abort 

outb reaks when abnonnal climatic or nutriti onal cond itions ari se (Radosti s er 01 .. 1994). 

The contro l of gastrointestinal nematodes in general is at present dependent on the repeated 

use of anthelmintics and, where possible pasture management. However, clean pastures arc 

not readi ly available under intensive grazing condit ions and, perhaps more important ly. there 

is an increasing occurrence of parasi tes resistant to the action o f ant helm in tics (Borgstcede er 

al., 1 996). Further more there are concerns regarding dnlg residues in anim:.11 by products like 

meat and milk, and the environment. 

The increasing occurrence of anthelmintic resistance (Jakson, 1993) has promoted the need 

for the development of alternative methods of nematode control options like vaccine 

production, host genetic res istance, and biological control. Despite quite signi fican t advances 
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in some areas of non·chemotherapcutic contro l, non· is suffi ciently advanced to offer any 

pract ical alternative until possib ly the tum of the century (Waller. 1993). Therefore, 

chcmotherapy will continue to be an important part of cfficient systems well into the future 

(Donald , 1994). 

In spite o f the availab ili ty of the hi ghly efficacious and safe anthelmintic drugs 

gastrointestinal nematode infections remain a major constraint to the efficien t rai si ng of 

rumi nant li vcstock through out thc world (Sonstcgard and Gasbarrc, 200 1). The efficacy of 

anthelmintics can on ly be conserved and the effecti vc field life o f these drugs is extended by 

relying on better use of the available anthelrnintics preferably in combinati on with 

management strategies, because ncw drugs with different mechanism of action or novel 

means of control are unlikely to appear soon on the market (Borgsteede el al., 1996). 

2.5. General Description of An lhelrninlies 

An anthelmintic is a compound, which either destroys or el iminates helminth from the host 

(Reinecke, 1983). Modem anthelminlics belong 10 the following chemical groups: 

benzimidazole compounds, imidazothiazole derivatives, tetTahydropyrimidines, piperazine 

and its salts, macrocyclic lactones and phenothiazine and others (Aiello and Mays, 1998). 

The major groups of anthelmintics currently in usc against nematodes, trematodes and 

cestodes are shown in the following table (Table 1). 
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Table I : The major groups of anthclmintics 

Parasitcs Chemical Group f) rugs 

Ncmatodcs Pipcrazine Plperazme s'llts. Dletyhylc:arbmazloe 

ImidazothiazolcsfTetrahydropynrnidUies Tetramlsolc, Lcvalnlso!c. Mora nte l. Pyruntd 

Benzimidazolesl pro-benzimidazoles Thiabendazole. ~'Icbcndazolc, I':trbcndazole. 

T rcmatodes 

Ceslodcs 

Avenncctinsl Milbcmycins 

Organophosphates 

SalicylanilidesiSubstituted phenols 

SalicylanilidcslSubslitutcd Phenols 

Others 

Benzimidazolesl Probenzimidazoles 

SalicylanilidcslSubstitulcd phenols 

Others 

Source: Urquhart el al., 1996 

2. 5. 1. Modes of Action of Anthelmintics 

Fenbcndazolc:, Ox rendazolc:, Albcndazole, 

Ox ibc ndazolc, Cambendazolc, Hubendazole, 

Febantel. Thlophanatc, Nctobnnln 

!\,emlCct lO. Donnaclin, Aba~ct m, Moxldectm, 

Milbcmyc in 

Oichlof\'os. I [310xon, Tnch[Ofron (Mctnphonate) 

Nitroscanatc, closantel 

Nitroxynil. Rafoxanidc. oxyclozanidc. Brol1amde, 

Diamphenclhidc, Niclorolan. Colsall1el 

Clorsulon 

TriclabcndazoJc. Albendazole, Nctobimin 

Niclos:llnidc 

Praziquantel, Bunamid inc, Arecoline 

The mode of action of many anthelmintics is not known in detail , but basically depends on 

il1lerference with essential biochemical process of the parasite like energy production and 

paralysizing the worms (Kapalan, 2002). 

Bcnzimidazoles and pro·benzimidazo les: Drugs of th is group cause degeneration of intestinal 

cells of he lminths by binding to the structural protein tubulin and prevent its polymeri zation 

into microtubules, which are important for cellular transport . Suscept ible parasites are unable 

lo absorb and transport nutrients like glucose and amino acids and will eventually starve to 

death , Furthennore these drugs inhibit fumarate reductase in the parasites, which serves as 

terminal electron acceptor in the generation or ATP (Ng011lU and Gryd· Hansen, 1986; 

Urquhart el 0/" 1996). 

Im idazothiazoles and tctrahydropyri midines: These compounds act as depolarizing 

neuromuscular blocking agents in helminths by stimulating cholinergic receptors at the 
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ganglionic level, leading to continuous muscular contraction (Ngomuo and ryd Hansen 

1986). 

Sal icylani lides and substitu ted phenols: Although details of the modes of actIon of drugs III 

these groups are not well understood, they appear to act by uncoupling the oxidall\"e 

phosphorylation in the mitochondria thus blocking ATP·synthesis in the wonns (Ngomuo and 

Gryd-I-Iansen, 1986; Urq uhart el 01 .. 1996) . 

Avcnnectins: They act by potentiating the rel ease and binding of gamma-aminobutyric acid 

(GABA), which increases the nonnal resting potential of postsynaptic ccll s making 

neurotransmission more difficult or impossible. Thus muscle cells cannot contract (Ngol11uo. 

and Gyrd -Hansen 1986). 

Pipcrazine: These drugs produce paralysis in helminths by an anticholinergic action at the 

neuromuscular junction (Urquhart-et a/., 1996). 

Organophosphates: They act by inhibi ting cholinesterase resulting in a build up of 

acetylcho line, which leads to neuromuscul ar paralysis of parasites and their expulsion 

(Urqllhart el al" 1996). 

2.5.2. Desirable Characteri stics of Anthelmintics 

An ideal an.thelmintie should posscs the fo llowing propcrties: 

>- A broad-spectrum activity against adult and larval helminth parasi te: a number of 

factors influence the efficacy of an anthelmintic drug_ Animals often harbor sevcral 

different species of helminth, which may not have Ihe same sensitivity to a given 

antbehnintic. In addit ion there is usually a difTerence in sensi ti vity between adults and 

larval stages, wi th immature stages being less sensitive than adult parasitcs. (Hazclby 

. , al. , 1994). 

~ A rapid metabolism in the body and short-lived presence at low levels in the milk 

and/or tissues: animals shQuldn't be slaughtered for human consumption and milk not 

disuibuted to consumers until the drug residues have reached acceptable low levels. 

The withdrawal period of the drug should be considered before its use (!-Ianscn and 

Perry. 1994). 
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~ A low toxicity in the target species. The ratio of the therapeutic dose to lhe max imum 

tolerated dose should be as large as possible. It is desirable that anLhelnuntic has a 

safety margin ofal least six fold (Aiello and Mays, 1998). 

~ No unpleasant side effects to the animal or to the operator- dnlgs may cause vOntlting. 

or pain at the injection site. (Hansen and Peny. 1994). 

');;- Suitable for practica l and economical integration into various managcment systems: 

the selected drug(s) should bc competitively priced and rcad y to usc in a simple way. 

They should be stab le and not decompose on exposure to nom131 ranges of 

tcmperature light and humid it)" and have a long shelf life. (Urq uhart el 01., \996). 

2.5,3. Problems Associated in the use of Anthelminties 

It is now generall y accepted thai a total reliance on anthelminlics to control nematode 

parasites o f livestock is no longer tenable. Despite the extremely hi gh level of efficiency of 

modem broad-spectrum drugs, eradication (except in very few instances) has not been 

achieved. It is a sobering fac t that the more effective the anthelmintic treatment, the greater 

the potential for development o f resistance (prichard et al .. 1980). 

Other undesirab le consequences of intensive treatment arc the accumulation o f drugs ill 

animal products and possible untoward effect on non- target organisms in the environment 

(Waller, 1993). However, in the case of most anthelmintics, res idues are not major prob lems 

since their mammalian toxicity is low and treatment close to slaughter is unlikely (Donald. 

1994). 

The bellzimidazoles and their prodrugs are subjected to close scnlliny because some are 

known as teratogens at doses, which arc not matemotoxic. The othcr and important effect 

associated with the use of anthelmintic is its elTect on the ellvironment, whieh has become 

in certain instances a di sastcr to the ecology (Donald, 1994). 

Large amounts of phenothiazine rine or its melabolites were considcred responsible for a 

decline in clover contcnt, which in tum resulted in a reduction in pasture growth and animal 

productivity. Apart from the ivenncctin, which was shown to have adverse effects on the 

primary dipteran decomposing fauna, the bcnzimidazoles, which are cxcreted largely. 

unchanged in feces (ex oxfendazo le and fenbcndazole) arc likely to have residual effcct on 

saprophytic fungi that invade feces and assist in nutrient recyc ling (Wallcr. 1993). 
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2.6. Anthelmintic Resistance 

2.6.1 . Over View on Amhelmintic Resistance 

Resistance as defined by Prichard el 01 (1980): in (Coles ('[ a! .. 1992). is present when there 

is a greater frequency o f individuals with in a popu lation ab le to toleratc doses of a 

compound than in a nomlal population o f the same species and is heritable. Anthelmintic 

failure could be due to resistance or lack of potency. Resistance is considered to have been 

selected when previously effective drug ceases to be so, due 10 selected hcritable changes III 

the exposed population (Jackson, \993). 

Resistance o f worms to anthelminti c tremmen! was firs t reported from the USA in 1954 

(Drudge et af) when evidence of phenothiazine resistan t Haemonchus COl/ tOri/IS was found . 

Ten years later strains of Haemonchlls conlortus resistant to th iabendazole were delected ill 

sheep only three years after this product was launched. Since thcn thiabendazolc resistance 

has been demonstrated with Trichostrongylus colllbrijormis. Trichostrongylus vilrilllls, 

rOesophagostomll11l cirClll1lcillcata and species o f Nematodirus (Brander, et al. 199 1) . 
• 

in spite of the avai labili ty of large number of effective drugs in the anthelmintic 

armamentarium, gastrointestinal nematodiasis still continues to be a menace in ruminants, 

particularly goats and sheep. Treatment failures and anthelmintic resistance is a growing 

problem in certain geographical areas and some hosl species (Sonstcgard and Gasbarrc. 

2001). Wal ler (1987) pointed out that most of the nematodes of domesti c animals posses thc 

capac ity 10 develop resistance to anthelmint ics. Resistance to antiparasiti c drugs in sheep 

and goats is rapidly increasing particularly in warm and humid climatic regions probably 

due to frequent dos ing and adoption of common managemental, nutritional and therapeutic 

strategies. FurthemlOrc the difference in anthe lmintic metaboli sm and degree of rumen 

bypass between sheep and goats shou ld be taken into account so that higher doses arc 

required for goats compared to shcep. There fore, apart from other factors. sub-opti mal 

dosing is considered to be one of the important factors for drug resistance in gOals (Coles el 

a/ .. /989). 

Resistance to anthelmintics is a widely described phenomenon in ruminants. Some 

nematode species and some ruminant spccies are morc prone to deve lop resistance. An 

index for nematodc resistancc was built up and the rollowing ranking of the host was goal > 
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sheep > horses > canle. A similar ronking of nematode was II. COli tonus :> TeiadorJagia 

circuII/cincala > Trichostrongylus species> Oesophagostomum species > Cooperia species, 

alllong whIch only Cooperia was recorded mainly in callie. In small nU11InanlS resistance IS 

mainly directed against bcnzimidazolcs in 43% of the cases and then agamst each or 

lev3misole or macrocyclic lactoncs in 23% of tile cases (Coles, 2(02). 

Continued application of a highly effective anthelmint ic selectively removes mOSI 

susccptible genot)1)cs, with the resultant progeny of succeeding generations being 

composed of res istant strains. Resistance to an anthe lminti c is expressed by passage of 

increased numbers of parasi te eggs, higher establi shment rates of adults in the host, and 

greater numbers of larvae on the pasture aftcr treatment than would occur if the parasites 

were suscep tib le to the dnlg (Aiello and Mays, 1998). The development of resist.mce to 

various chemical groups of anthelmint ics by nematodes is recognized as a major problem. 

Un til relatively recently. resistance to anlhelmintics in nematodes had been slow to develop 

under fi eld conditions in comparison with antibiOlic resistance in bactcria. And more 

recently the problem of ant helm in tics resistance is reponed from different parts of tile world 

to different chemical components (Aiello and Mays Asa, 1998). Resistance of Haemollchus 

species is becoming a global problem. Resistance of 1hchostrollgy lus and Ostertagill 

species in sheep and goats is also becoming common in all parts of the world where small 

ruminants are treated frequently. Resistance of small Strollgyles in horses has also been 

documented in many areas. Resistance to benzimidazole and Icval11isolc has also been 

reported in nematodes of swinc. Although resistance to bcnzimidazoles, Icvamisole, and 

recently to macrocyclic lactones have aU been reponed for nematodes of cattle. resi stance is 

less of a problem in cattle than in sheep, goats, and horses (Aiello and Mays, 1998). # 

Cross·resistance is frequently seen between members of the benzimidazole group because 

o f their simi lar mechanisms of actiol1. Control of benzimidazole resistant parasites by 

levamisole can be expected because of ils diITerent mode o f action (A iello and Mays, 1998). 

2.6.2. Factors Responsible for Anthelmintic Resistance 

Several factors can be responsible for the lack of efficiency of a drug and development of 

an thelmintic resistance of which the fo llowing can be mentioned: , 
Underdosing; Most fanners usually csti mate (guess) the weigh t of their animals and many 

surveys have shown that such estimates are often considerably below the actual weight. In 
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addi tion famlers onen use the avcmge weight to establish the dose. This automatically resu lts 

in undcr dosing (Aiello and Mays, 1998). 

Prolonged usc of samc anthelmintic drug: Frequent and regular treatment uSing thc same 

anthelminti c given at low dosages ovcr a prolonged period of time will predispose 10 the 

developmen t of drug resistance (Hansen and Peny, 1994). 

High frequency o f treatmen t: If treatment intervals approach the prepatent period of paras ites 

Ihe selection pressure increases dramatically and the entire parasite popUlation will be 

screened for res istan t indiv iduals and eventua lly resulting in a hi ghly resistant popu lation 

(Walier, 1987). 

Animal management practice: Such as drenching accompanied by movement o f stock to clean 

pastures and using anthelmintic treatmcnt at very hi gh frequency can lead to resistance. 

Fanning enterpriscs in countries such as Australia, South Africa, and Brazil , which have a 

high resistance problem, largely practice continuous grazing on pennanent pastures (Waller, 

1987). 

2.6.3. Mechani sms of Anthelmintic Rcsistance 

The mechanisms by which parasite resistance develops are not complctely understood (Smith 

and Shennan, 1994). Most anthelmintics are non-persistent chemica ls wi th peak concent rat ion 

occurring from 30 minutes to 24 hours after treatment (p richard 1978). The rccommended 

dose rate o f anthelmintics generall y removes 95-99% of the susceptib le population but there 

usuall y remain a small number of survivors. The survivors probably havc the capacity for the 

detoxi ficati on o f chemicals, which will foml the basis of resistance and will be inherited by 

their progeny (Le Jambre, 1982). [n the presence of continuous and frequent anthclmilllic 

treatment, subsequent generations o f womlS wi ll inheri t more and more resistance alleles 

leading to a resistant population. 

In the case of benzimidazolc class of drugs the possib le mcchanism of anthelmintic resistance 

is the association with point mutations in the tl-tubul in genes (Ouellette, 200 1). Most cases of 

resistance against the benzimidazo lcs appears to be due to changes in the tl-tubu lin isotype 

pattern which results in the loss o f high affi nity receptors bind ing sites (Lacey and Gill, 

1994). Stud ics using H. COfl torlllS and T colubriformis have shown a common point mutation 

at aminoacid 200 in isotype I p tubull in from res istant isolates. Resistant isolatcs have tyrosinc 
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at thi s locus where as susceptible have phenylalanine. It has been suggested th:ll there may be 

two mechanisms that associate wi th resistance to the bcnzimidal.olcs. the selection or an 

isolYPC I P-tubul in with a reduced amnity for the bcn7imida.tolcs and the chmlOauon of 

isol),pc 2 P - tubulin genes from highly resistant individuals (Conder ct (lJ • 199 ) 

In the case of lvennectin the mechani sm ofresislrmcc is due to the fact thaI these drugs opens 

wonn's ch loride channels that lead to starvation or paralysis. A p·glycoprotein homologue 

may be responsib le for ivcmlectin resistance in a number of Wornl genuses. which IS 

reasonable, as ivennectin is an excellent substrate of the mouse MDIA p.glycoprotcin. In the 

nematode Caellorhabdiris elegalls. simultaneous mutation of three genes encoding glu tamate­

ga ted chloride channel a-type subunits confers high. lcvel genes resistance to ivemlcctin 

suggest ing that both target mutation and transport alternation can lead to ivemlcctin resistance 

in wonns (Quel lette, 2001). 

Resistance against levamisole in H COll lOrtllS and 7:colubriformis appears to be due to 

alterations in drug pharn13cokinctics at the ACH receptor. Lcvamisolc resistant H COlltOrtllS 

have more binding sites and difTerent drug affini ties at the low affini ty binding sites than 

susceptible H COlltorflls and are thus desensitized against the action of levamisolc (Sangster. 

Ril ey and Wiley, 1998). Levamisole acts as a cholinergic antagon ist in nematodes however, 

the resistance mechanism to this class of drugs as described by Ouellellc (2001 ) is that 

reduction in the number of receptors has also been proposed as one possible mechanism for 

res istance. 

2.6.4. Detection of Anthelmintic Resistance 

Helminth resistance should be difTerentiated from failure of treatment fo r other reasons such 

as rapid re-infection, usc of inappropriate anthelmintic, usc of too low docs. presence of larval 

stages that are not afTected by the anthelmintic, or reduced efficiency due 10 certain disease 

conditions (Prichard et al., 1980) . 

Reliable methods are required in order to detect resistant helminths population in livestock. 

monitor changes in leve ls of resistance, and iden tify afTected an imals in order to restrict the 

disseminati on of resist ani parasites. Several in vivo and in vitro tests have been developed to 

assay for resistance in nematode popUlations (Jackson, 1993). There are a number of tests Ihal 

can be used to evaluate the efficacy of anthelmint ic treat ment on a mixed population of 
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gastrointestinal nematodes. TIle efficacy of most modem anthelminllcs usually approaches 

100% for the majori ty of pathogenic gast rointcstinal parasite spccles (Taylor and Hunt. 19 9). 

Methods for detection of anthelmintic resistance arc d iv ided in to In vivo and In \' lIro 

techniques. They are summari zed in table 2. The in vivo methods are suitable for all types of 

anthclmintics in all species o f animals. The in vitro tcchniques ofTer rapid and senslli \'c but 

suITer from certain limitations (Taylor and Hunt. 1989), 

2.6.4.1. Faeeal Egg COUllt Reduction Test (FECRT) 

The fecal egg count reduction lest was one of the first methods used to detcct anthe lmintic 

efficacy by comparing wonn egg counts from a group of animals before and after treatment 

(Presidente, 1985). 

An untreated control group is also included to monitor any changes that occur during the 

treatment period. Percentage efficacy is corrected for changes th at occur in the control groups 

by the equat ion: FECR% = I - T2~ 1(" 

TI C2 

Where, T and C arc geometric means for the treated and contro l groups and SUbscript I and 2 

designate the counts before and after treatment (presidente, 1985). The shortcoming of thi s 

lest is that anthelmin tics may cause temporary suppression of egg out put, and if the interval 

is less than ten days, it will give an over esti mate of efficacy. It is also less sensit ive when Ihe 

egg counts are low and the level of resistance is low. Moreover, it doesn't detcct the presence 

of immature parasites, which may survive the treatmcnt and is unab lc to ind icatc the 

resistance genera in mild ncmatode infection. This demands the usc of larvae culture to 

idcnti fy the res istance species of nematode invo lved. Nevertheless, the test is the best initial 

screening method for detecti on of anthelmintic resistance in the field (Johnsen, 1989). 

The main advantage of the FECRT is it s relative low cost as there is no requirement for 

high ly ski lled personnel, cxpens ive resources or sophisticated equipment and facilities. It can 

be carried out on the faml and doesn' t require the movement or slaughter o f livestock 

(Prcsidenle, 1985) and can be llsed to delcet resistance in all groups o f anthclmintics in any 

type of animal. 
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2.6.4.2. Controlled Anthelminlic Efficacy Test 

The test in volves artificiatly infecting groups of woml-frcc ani mal s with single species third 

stage infective larvae and treating them at specifi c time intervals. usually a cr 21 days (when 

the paras ite have reached the adult slage). The animals arc then s laughtered, Including the 

control group, 10 to 14 days after treatment and thei r WOrnl burdens counted. The Wonll 

burdens are recorded and dose response parameters ED 50 and ED 90 (concentration of drug 

which kills 50% and 90% of the nematode population Illay be (Taylor and HU IlI. 19 9) 

Calculated if a range of dose employed (Haze lby et al .. 1994. 

The percentage efficacy of the treatment can be calcu lated using: 

% Efficacy = Wornl in control Wornl in treated x 100 

Wornl in control 

This is the most reliable method of assess ing anthelmint ic efficacy against mixed nematode 

infection, but it is costly in tenns of animal usage, lab Ollr and tillle req uired. Therefore, it has 

on ly a limited use in screening fo r resistance (Taylor and Hunt, 1989). 

2.6.4.3. In Vitro Egg-Hatch Assay 

The egg hatch assay is the most widely used in vitro test for benzimidazoles. There arc several 

variations of the assay but they arc all based on the ovicidal properties of the benzimidazole 

drugs and the ability of eggs from resi stant strains to develop and hatch at higher 

concentrations of the anthelmintics than their counterparts (Hunt and Taylor, 1989). 

This test is based on the princi ple of detemlining of the percentage of eggs th at hatch or die 

following incubation with seri al concentrat ion of anthelmintic known to prevent 

embryonation and hatching as in the case of benzimidazole drugs (Le. Jambre, 1976; Coles 

Simpkin, 1977) or causing paralysis of the first stage larvae as in the case of Icvamisole and 

morantel (Presidents, 1985). In detecting benzimidazo le resistance, eggs recovered from a 

group of animals are incubated in serial concen tration of benzimidazo le. The percentage of 

eggs that hatch (or die) at each concentration is delernlined and percen tage egg hatch/death 

corrected for the natura l mortality of untreated eggs us ing prob it ana lysis (Finney, 1971: 

Dobson et al. , 1986). The corrected va lues are then used to plot a dose response curve, against 

log concentration of drug and LD 50 (conccntration of drug wh ich prevent 50% of eggs from 

hatching) values calculated (Coles el (Ii.. 1992). Fresh eggs or anaerobicall y stored eggs 

should be used for thi s test. It is cheaper, more accurate and less time consuming ( 1·3 days) to 

perfornl than the fecal egg count reduction test. However, it requires more skilled personnel 
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than in vivo techniques and , therefore, is betler suiled fo r research purpose than pnmary 

sc reening (Hazclby el aI, 1994). 

Known sll sceptib le and resistant refcrence strains of parasites lIrc nUll ntumcd to compare with 

the response of the test isolate. Eggs from susceptib le ncmatodes rarely hatch at 

concentrations of more than 0.1 J.1g1ml of thiabendazole (Whi telock el 01.. 19 0). ThiS 

concentration onen used as the discriminating dosc (cuto ff value) for detemlining whether J 

parasite is susceptible or resistant to the bezimidazole group of anthelmintlcs. 

Paralys is of firs t stage larvae with in the egg th at prevents hatch ing is the basis of the 

development egg hatch assay in detecting resistance to lev3misole and Illorantcl (Prcsidcntc. 

1985). The test compares the difference between resistant and susceptible strains of 

nematodes in the rate of recovery of unhatched larvae in serial dilutions of levamisolc. This 

test is complex to perform, comparisons of results between different laoomlori cs arc often 

difficu lt and therefore not recommended for field screening for resistance (Johansen, \989). 

2.6.4.4. Larval Development Assay 

This assay is an adaptation techniquc used by Georgi and Lc lambrc (1983) ror testing both 

ovicidal and larvicidal effects or various anthelmintics. Eggs arc incubated ror 7 days at 26°c 

in serial dilution or a range of anthelmintics incorporated into Agar in wells of fial-bottomed 

microtitrat ion plates. After incubation the number of eggs, first, second and third stage larvae 

are counted and percentage of eggs that fai l to hatch or to reach the third stage arc estimated 

This assay is simple, several anthclmintics may be tested simultaneously and differentiation 

o f species in mixed infection is eas ier than other in vitro tests. However, species identification 

requi res expertise and is time consuming. Nevertheless the assay is suitable for both field 

screening and research work (Johansen, 1989). 
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The followi ng table reveals the differcnt methods dctccting anthelmlnuc rcslstance In 

nematodes of animals: 

Table 2: In vivo and in vi tro assays used in the detcction of an thelmintic resistance 

Assay Spectrum Type 

Controlled Test All Drugs In vivo SA 

Egg Count Reduct ion All Drugs In vivo I3A 

Egg I-latch Assay BZ In vitro BA 

Egg I-latch Assay (larval paral ysis) LEV In vitro BA 

Larval para lysis LEV, IV, In vitro BA 

Larval Development BZ, IV, LEV In vitro BA 

Tubulin Binding BZ In vitro I3 A 

Esterase Activity BZ In vitro BA 

Tubulin Probe BZ In vi tro G 

SA-Bioassay; BC-Biochemical assay; G-Genetic assay; BZ-Benzimidazolc; LEV- Levamizle; 

IV - Ivennectin 

Source: Jackson, and Coop, 2000 

2.6.5. Strategies to Prevent Anthelmintic Resistance 

It is doubtfu l that control programmes which have anthelmintic treatment as a component can 

avoid se lecting for resistance. However by careful lise o f anthelmintic in easil y understood. 

well presented, and properly serviced contro l programs, we should at least be ab le to delay 

se lection fo r resistance and so extend the effective field life of these drugs. This will allow 

more time to explore the possibi liti es of other methods of contro l (Waller, 1987). 

There is an urgent need for the development and adoption of strategies to prevent the spread 

of anthelmintic resistance, particularly in nematodes of sheep and goats and prevent it from 

becoming a problem in catt le (Waller, 1997). The fo llowing strategies will help conserve 

anthelmintic efficacy and limi t the drug resistance problem. 

Usi ng full anthelmintic dosage: It is better to set the dosage for the heaviest animal rather 

than for the average animal of the group. in order to avo id under dos ing of some animals. 

Reduced dosages arc likely 10 allow survi val of wonllS with partial resistance (heterozygotcs) . 
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Thcy may thcn mate with similar Wom1S, producing offspnng that are highl y resistant 

(homozygote,) (!-Iazelby ellll, 1994) . 

Rotation of Olnthclmintics: An annual rotation of drugs of different chemical families (ex 

ivem1cctin, levamiso le, benzimidazo les) is rcconuncnded because freq uent rotation of 

an thelmintic types has led to the se lecti on o f mUltiple drug resistance in the past (Hansen and 

Perry, 1994 ; !-Ioward, 1993). 

Avo id ing high frequency of anthelmintic use: Suppressive treatment program dosing sheep 

every 2-4 weeks will eliminate susceptible WomlS but leave only resistant worms to 

con taminate pastures (Howard, 1993). 

Taking care in selccting the anthclmin tics: It is a waste of time and money to usc a drug if 

wonns have already developed res istance to it. This is where the fecal egg reduction test is 

uscfu l. It is useful to remember there may also be side-res istance to a string of re lated drugs 

that share a common mode of action (Howard, 1993). 

Deve lop ing strategic treatment programs: fewer treatments, epidemiologically based, will be 

j ust as effecti ve fo r worm control, be more economic than continuous treatments, and have 

reduced selection for drug resistance (Radostis el al.. 1994). 

Synergism of anthelminti cs: Combination of drugs sometimes results in synergist ic 

increases in efficacy. For example, the experimental administration of both levallli sole and 

mebendazo le in sheep resulted in imprOVed efficacy aga inst benzimidazole resistant womlS 

in Australia. Chemical mod ifica tion o f existing drugs and novel delivery systems Illay also 

be used to enhance drug effi cacy in the futu re (Cabaret, 2000) .. 

Genetically resistant hosts: New techniques of embryo splitting and transfer introduce the 

possibi li ty o f accelerating the selection of flocks genetically resistant to parasi tes. Heri tability 

of res istance to womlS appears to be high, and associations have been found between acquired 

resistance and certain lymphocyte ant igen markers (Eady. elo/ .. \998). 

Treating all introductions: sheep from an outside farm with a resistance problem Illlly 

introduce resistant worms to a c lean fam1. Double dosages or a combinat ion of two 

anthelminties may be a useful safeguard (Howard, 1993). 
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A voiding prolonged drug encounler· Th·, . h ,. b . . I can OCCur wit leks, lock, or small dose sustamed 

release rumen retent ion devices that have a gradual "Iaileng o fr ' of drug concentration . It may 

also occur with ivcmlcctin because of its persistence at low concen trations for several weeks 

a(lcr treatment (Aiello and Mays, 1998). 

In addition to the aforementioned strategies, integrated conlrol approaches employing 

effective management and husbandry practices. ahcmativc usc of immunization and 

biological control approaches can be instituted for effective control of helminth infestation 

and therefore min imization of the anthelmintic usc and development of anlhcJminlic 

resistance (Waller, 1997). 

2.6.6. Current Status of Anthelmintic Resistance 

The first report on resistance to an anthelmintic reported by Drudge and his collogues when a 

field strain of Haemol/chus COIIIorlUS in USA was shown to be resistant to phenothi azine . It 

took on ly three years after the introduction of thiabendazo le before the fi rst strains of sheep 

nematodes had developed resistance (Waller, 1987). Since then resistance problems have been 

reported from most parts of the world including Africa . The extent of the problem of 

anthel mintic resistance on a regionall continental basis is presented as foll ows: 

Europe: The recent meeting of the European Union in Bnlssels di sc losed the ex istence of the 

problem of anthelmintic resistance in almost all countries except Portugal and Greece, where 

the very low usage of anthelmintics and animal management practices of herding over 

extensive areas would preclude thi s from occurring (Waller, 1997). Resistance was mainl y 

associated with the benzimidazole anthe lmintics and most reports were for parasites of sheep 

and goats and the small Sirollgyies of horses. The levamiso lel morantel group still seems to be 

genera lly efficacious, although parasites of another animals species, namely the pig have been 

found resistan t to thi s group in Denmark and Gemtany. Of particular concem were the reports 

of ivemlectin resistance in ovine or caprine parasites, not only in Scotland. which was 

reported in 1992, but also in Denmark (Waller, 1997). 

Australia: A compilation of regional surveys in the hi gh rainfall zone in Australia has shown 

that approximately 80% of the sheep famls have resistance to both the benzi midazole and the 

levamisolcl morantel groups of anthelmintics (Waller, 1997). The combination product was 
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also fai led to control wonns on approximately 50'1. of sheep frums and rtSlStance to the 

sal icylanilide and c10santel now causes serious parasJle control problems m the l/ocmQnchus 

cOl/ton us endemic regions. Individual [am1 reports 3re becommg more frequent m rCS.I!lanc:e 

to the macrocycl ic lactones. Goat producers face n much gre:ucr problem. \\llh multiple high 

level resistance (i nvolving the benzimidazole and levamisolclmomntel groups) together with 

macrocyclic lactone resistance, resulting in re-structuring and in some cases. abandonment of 

goal farming operations in the high rain fall , costa l areas (Waller, 1997). 

Simi lar to surveys in western in Europe. benzi midazole resistance has bccn found to be 

widespread in the Cya/hos/ome parasites of horses and case reports have been made of 

resistance in cattle parasites in both Australi a and New Zeal and, which include the first 

reports of resistance to ivcrmcctin in bovine Cooperia species (Waller. 1997). 

SOUlheast AsiafSouth Pacifi c: Anthelmintic resistance is considered to be one of lhc greatest 

threats to the fu turc of small rumi nants in the South Pacific. The humid tropicaUsubtropical 

weather conditions that prevai l across these regions have necess itated the imensive usc of 

an thelmintics in sheep and goals flocks to control nematode parasitism. Consequent ly, with 

the increased number of stock there has becn a concomitan t increase in the preva lence and thc 

level of resistance. Different surveys showed combined resistance to bcnzimidazoles and 

levamisole on approximately one third of commercia l farms in Fij i. with resistance to 

ivcnnectin emerging. Another survcy conducted in Malaysia has shown high levcls o r 

resistance, parti cularly to the benzimidazoles. in parasites or small ruminants and resistance is 

also on the increase on the sub-continent of Ind ia (Sani. and Chandrawathani. 1998). 

North America: Limited surveys have shown the predictable pallcm of high-Icvcl resistancc 

to thc benzimidazoles. In the Southern Satcs o r Louisiana and Florida, anthelmintic resistance 

is now so prevalent and at such a high level ror all anlhelminti cs (including ivcnnectin) that 

sheep fanning using the Bri ti sh breeds is becomi ng unmanageab le. largely due to the rail ure 

to contro l Haemollchus cOII/orIllS. Thc parasi te-resistant native sheep breeds arc seriously 

being considered for breed substitution and in some cases cross breeding progmms nrc 

underway to help reduce losses due to haemonchosis (Williams. 1997). 

South America: Southern Latin America has the dubious distinction of h:l\'lIl& the highest and 

most widespread levels of anthelmintic resistancc in the world. The situation ranges from 

alamling (Untguay) to critical (paraguay). The IWO most commonly groups, the 
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bcnzimidazolcs and levamisole I morantcl have vi rtually reached the end of their 

chemotherapclItic usefulness in Brazil, Paraguay and Uruguay. The combination product 

benzimidazole + levamisole is virtually inefTective in Brazil. Four surveys were conducted to 

detect resistance problems in Uruguay, Paraguay, Brazil and Argentina and all reported the 

ex istence of resistance to ivemlcctin . No where in the world has ivemlcctin resistance been 

dctected in such randomly based surveys with increasing preva lence of ivennectin resi stance. 

coupled with virtua l failure of the benzimidazoles and Icvamisolcl morantel groups. the 

ult imate di sastrolls scenario of complete ex ha ustion of all the chemotherapeutic options for 

nematode control in shecp and goat fl ocks will be reached. Unfortunately, thi s is already the 

case of many Paraguayan sheep famle:rs (Echevarri a el al., 1996). The following tables reveal 

the situation in the region. 

Table 3: Anthelmintic resistance in nematode parasites of sheep flocks in southern Brazi l and 

Uruguay 

Nematode Country Percentage resistance 

BZ LEV COM IVM CLOS 
Ostertagia S. Brazil 8.7 72 5 

Uruguay 18.4 12.8 Nill 

Haemonchus S. Brazil 68 19 15 7 20 

Uruguay 61.3 28.5 1.2 

Trichostrongylus S. Brazil 7 5 4 2 

Uruguay 91.7 95 .0 lill 

Others S. Brazil 35 16 

BZ, benzimidazole; LEV-Ievamisole; C10S-clo5antel. BZ+LEV; IVM, ivcnnectin : CLOS: 

cl05antel, COM-comination. 

Source : Nari el 01., 1996 and Echevarria el al .. 1996 
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Table 4: Prevalence of resi stance of Haemonchus agai nst various nnthelmintics in ollth 

A (rica and South America. 

Country No of Faml Percentage of resistant (anns fo r given anthclrnintics 

BZ IV LEV IlZ + LEV Rfx Clos 

S. Africa 80 79 73 23 9 

Brazil 182 68 7 29 

Paraguay 37 70 67 47 

Uruguay 242 61 29 

Argentina 65 37 2 8 5 

BZ- benz imidazole group, IVM-macrocyclic laclol1nc, L EV. IcvamisolclMorantci group;, 

Rfx-rafoxanide Clos-cJosantcl , + - anthelmintic not tested, 

Source: Jackson and Coop, 2000. 

A frica: Anthe lmintic resistance to all of the three major classes of broad-spectrum 

anthelmintics has been recorded in a number of countries on the Afri can continent. Studies in 

Kenya by Waruiru, (1997) showed resistance occurring 011 half of 42 fanllS to at least one 

anthelmintic group with multiple hi gh level resistance to benzimidazoles, ivemlecti n and 

salicylanilides recorded on a large sheep and goat faml used as a source o f breeding stock for 

small holders. South Africa has generally been regarded as an anthelmintic rcsistance "ho\ 

spot", largely through the reporting of Van Wyk (1997) and colleagucs. Here, some of the 

fi rst cases of benzimidazo le, levamisolc, sal icylani lide, ivemlcctin and multiple resistances 

werc rcported and this country is where famlers first abandoned shcep famling because of 

chemotherapeutic fa il ure to control worms. A rccent survcy made in South Afri ca on 

approxi matel y 60 famls showed that 90% have parasite strains resistant to compounds from at 

least one anthelm intic group and 40% of fanm had resistance to three o r more o f the fi ve 

groups that were tested (Maingi el al. , 1998). 

Ethiopia: Very few and fragmented reports are available with regard to the status of 

anthelmintic resistance in fann animals. Though the scope of the study is narrow and limited, 

the avai lable reports indicate that there is a dcvelopment of anthelminti c resistance to 

tetramiso1e in Oesophagostomum, Bunostomum alld Trichuris parasi tes of goats in Adami 

Tullu (Ncssm et ai. , 1997). Kasshun , 1997 reported sllspic ion of resistance in nematodes of 
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small mminants in a study made in the Southern pan of Ethiopia. Daniel . 1998 has also 

reponed the presence of resistance to albendazole in nematodes of tell a state fann cross 

breed and moderate resistance in indigcnous zebu cattl e under extcnsive production around 

Sebeta towns. Anthelmintics are widely used all over the country for the treatment and control 

of helminth parasites of fann animals. Drug smuggling and improper usc of anthelminllcs is 

very common all ovcr the country because of the presence of great number of illegal tradcrs 

and anthehnintics are sold in open markct as ordinary drugs by non professionals ( essru et 

al., 1997). 
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3. MATE RI ALS AND METlIODS 

3. 1. S tud y Area 

The study was conducted on Ogadcn small ruminants slaughtered at Ochre Zeit Elfora Export 

Abattoir from August 2003 to March 2004. Ogadcn, the ori gin of the study animals. is located 

at 9° 20' N in the castem part of Ethiopia and is one of the semiarid parts of the country. The 

area has two rainy seasons o f which the first Sh Oft rainy season occurs in Ihe spring from 

March to May and the second long rainy season is from July to September. The annual 

rainfall of the two seasons varies from 25Q·600mm. The mean tcmpcr.tlurc of the region 

ranges from 25_3 5(1(: and the average altitude o f the region is 1200 III above sea level (CACe. 

2003). 

The vegetation of the study area is composed of very little forest and woodland that is only 

about less than 0.3% or Ethiopia. The grassland part o rthc area is considerable covering aboul 

38% or the region . However 54% or part orthe region cons ists or bush, shrubs and Arro plane 

(lAR, 1993). The map orthe study area is indicated in Figure I. 

3.2. Study Animals 

From August 2003 to March 2004 a tota l or 114 sheep and 82 goal abomasums were 

examined and used to detennine prevalence or abomasa l parasites and month ly worm burden 

study. The average sample size per month was thus, about 14 sheep and 13 goat abomasums. 

Out or the tota l 114 sheep and 82 goat abomasums examined 32 sheep and 24 goats were used 

to study th e vul var morphology and mucosal larvae o r Haemonchus species. On the other 

hand 76 sheep and 55 goats were used ror ident ification or Haemonchus species based on 

spicule morphometri es. All the slaughtered animals were male and their age vari es rrom 1-4 

years, the majority being 1-2 years or age. 

For the purpose or ex perirnenlal infection and evaluation or the efficacy or anthelmitics. 30 

lambs aged four to six months were bought rrom Sagure town of Arsi zone and transported to 

FVM of AAU at Dcbre Zeit. These experimenlal lambs were infected experimenla lly with Ihe 

Ogaden iso late o r Haemonchus COII/orIllS that was coll ected rrom Dgaden sheep slaughtered 

al Elfo ra export abattoir. 
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Map o f Admi ni strative Ethiop ia 

••• 

Figure 1: Map of Ethiopia showing the study area (the origin of study animals) in the shaded 

pan. 
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3.3. St ud y Design 

3.3. 1. Abatto ir Survey 

3.3. 1. 1. Preval ence and WOnll burden Study 

Weekly regular visit was made to the Elfo ra export abauoi r and an average of 13 abomasums 

per month was brought to the Facu lty of Veterinary Medicine for recovery of any abomasal 

parasites. Recovery, counting and identifi cation of abomasal parasites were made using the 

procedure described in Jorgen and Perry (1994) and MAFF ( 1977) as ind icated in Annex 2. 

Isolation and identi fication of mucosal larvae (~) was pcrfonned using Will iams incubation 

method in saline solution as indicated in MAFF ( 1979) and Wood el oJ (J 995) and the detail 

orthe technique is presented in annex 3 

3.3. 1.2. Vulvar Morphology 

The vul var morphology of female Haemonchus womlS from 32 sheep and 24 goats were 

studi ed on monthly basis by taking 100 wonns from each abomasums and categorized to 

Linguifonn , K!10bbed or Smooth as described in Rose, 1966 and Lcl ambre and Whitelock, 

1968. 

A total of 31 87 female wonns from sheep and 2386 wonns from goats were subjected to 

vulvar morphology identification. All the linguifoml morphs of the female womlS found in 

each abomasums of each sheep and goat were further class ified into linguifoml A (with onc 

cuti cular inflation), linguifonn B (with out cuti cular infl ation), linguifoml C (with two 

cut icular inflat ion) and lingui fonn I (the cuticul ar in fl ati on arises from the linguifoml process) 

as described in Le lambre and Whit lock ( 1968). Based on this classifi cation the proportion 

and distribution of each type of lingui foml morphs encountered in each abomasums o f sheep 

and goats was studied on monthly basis. 
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3.3.1.3 . Spicule Morphometry 

Fifteen male Haemonchus wo I nns were c losen at random from each abomasums and then tails 

of male womlS were cut befo lb ' . rc I. le ursa and stamed with lactophenol blue for clear 

observat ion of the spicules under a microscope as indicated in Jacquicl elaJ. (1997). For cach 

wonn three morphometric parameters of spicules namely, total length (TL), di stance from the 

hook to the tip of the right spicule (THr) and distance from the hook to the tip of the left 

spicu le (TH I) were measured using an ocul ar micrometer. The di scriminant functi on (OF) Ihal 

combi nes these three measures of male spicules was used to identify the species of each 

inclividual male worm (Jacquiet et al., 1997). The discriminate function (DF) appli cd was: 

DF ~ O.OO I6TL + O. 128THr + O. IS2THI - 9.97 

Species identification was established bascd on the following cri tcria: 

If OF < 0.63 : Haemonchus COlllorllls 

If 0 .63 < OF < 2.5 : Haemollchus p/acei 

If OF > 2.5: Haemonchus !ongistipes 

The method pemlits identification of all Haemonchus species and is very use ful in the study 

o fnatural populations especially when two or three Haemonch1lS species are sympatri c. 

3.3.2. Experimental Study 

A total of 30 male Arsi breed lambs, aged four to six months werc purchased and used as 

experimental animas to detennine the suscept ibil ity of H. COlltortllS of Ogadcn isolatc to 

Albendazole and Tetramisolc. On the date of arrival all the lambs wcrc treatcd with 

ivennectin at 0.2mglkg live weight to remove any burden o f parasitcs :md then checked for 

three-consecutive feacal egg count pcrfomled on the 1'\ 2
nd

, and 3
n1 

wecks during the 21-

adaptation period. All animals were housed in an isolati on area in concrcte based units, fed on 

concentrates and locally dried straw throughout the adaptation period to preclude any 

accidental parasiti c infections. At the end of the adaptation pcriod the animals wcre car tagged 

and allocated randomly into six groups of fi ve animals each, viz; Albcndazolc (Exipitol) 

Grcece, Albendazole Pakistan, Tetramisole Greece, Duxamintic (Tctramisole) Pakistan, 

Pos itive and Negative control groups. 
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The anthelmint ics that were used ror evaluating the susceptibility or the Ogaden Isolate or 

Haemonchus were se lectC'd by considering the results or my personal observation and 

comlllunication conducted with senior veterinarians. veterinary drug Imponers and IIvcstock 

owners. All or them ind icated that albendazole and tctramisolc are much more 3\ aslable on 

the market and arc widely throughout the country. From the commUnication. It \\35 also 

observed that drugs roml European countries despite thei r relatively high cost are more 

prererred than dnlgs rrom other developing countries such as India. Pakistan etc which are 

usually clai med as less efficaciolls. Thererore albcndlll.o lc and tetramiso lc originating rrom 

European count ries and developing coulllries were used ror comparison purposes. The dose, 

cost and names orthe drugs that were used in the contro lled ex perimentll l study is indicated in 

Tab le 5 below. 

Tab le 5 Anthelmint ics used ror Susceptibility Test 

' 0 [ Trade name or the Manuracturer Cost per ACII\'c mgrcdLent Dose mg/kg body 

drug Country ammal wClght (~'IRD) 

Exiplol ERFAR s.a. 0.55 A Ibcnda7.ole 3.8 

(Greece) cents 

Albcndazole300mg STAR Laboratories 0.40 Albcndazolc 5 

bolus (PVT) LTD cenls 

(Pakistan) 

Tetramisol( dl- ERFAR S.3. 0.40 Telramlsole I lei IS 

tctramisolc) (Greece) cents 

Duxamintic 600mg STAR Laboratories 0.30 Telranllsolel lcl 15 

bolus (I'VT) LTD cents (B. P. V".) 

(Pakistan) 

MRD:z manufacturers recommendations dosage. 

Each animal in a ll the treatment groups were orall y inrected with 4000 inrecti ve 3rd stage 

larvae o r Ogaden isolate or Haell/one/llIs con(ortus. On the other hand nil animals in the 

posit ive contro l group are inrected wi th 4000 inrecti ve 3M! singe but not treated where as all 

anima ls in the negati ve control group were kept as non-inrected and non-lreated animals. 
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Except the negativc control group (non· infected and non· treated control groups) all the other 

ani mals were lreated on day 35·post infection with Albendazole (Exipitol) Greece, 

Albendazole Pakistan , Tetramisole Greece and Ouxamintic (Tetramisole) Pakistan according 

to the dose recommended by the manufacturer (Table 6). 

Faecal samples were collected and examined using modifi ed Macmaster technique on weekly 

basis starting from day 0 of experimental in fection up to 10 days afier treatment wi th the 

anthclmintics mentioned above. pev and body weights of the animals were al so recorded on 

weekly basis through out the ex perimental period (Wood el 01., 1995). Thirty.fjvc days afier 

inocu lation all the lambs in the treatment groups were dosed orally according to thc 

experimental design (Table 6). All the drugs were administered by mcans o f boiling gun for 

cach animal. The manufacturers dose for each animal was calculated accord ing to the lambs 

live weights . 

On day 42·post experimental infection all the animals were s laughtcred. The abomasums were 

separately ligated and the contents examined to count for the number of adult and immature 

paras ites using classical counting procedures indicated in (MAFF, 1979; Hansen and Perry. 

1994; Wood el al. , 1995). Immature womlS were collected by soaking the abomasa l mucosa 

in wann sal ine so lution overnight and counted under stereomicroscope (Urquhart el aI, 1996). 

The overall experimental design used in the CUfTent study is presented below in the Table 6. 
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Table 6: Design of experimental study to test the susceptibility of Ogaden isolate II. C0l110 rtUS 

to Albendazo le and Tetr:unisole drugs. 

Group Isolate of No of L. No of Acchma!ll';lIlIO Tmtmcn UNp utcd lot 0nJ ... 

, 

) 

, 

6 

ll:lemont admmlstem,l "'"" " days Infa:llOI1 day I\lIy TmlmCTlt SI.IUJbI(f d.ly & ~\. 
h" on day 0 ... ' .......... body 

'u~ . ~ ... 
f \I RO j 

Ogadcn ' 000 , JO days 0.,0 JS do,. Ii.\lptOl Gro:ccc " do,. ,..... " ... ' mf«uon 

Inf«tl(ll1 

Ogaden ' 000 , 30 days 0.,0 JS do,. Albmduolc: " do,. ... ' , 
,..., PakIStan Inf«11O!I 

mfecuon 

Ogadrn ' 000 , JO da ys 0., 0 JS do,. Tctramuol ., do,. ... ' " ... ' On'" ,"{«hon 

mfectlon 

Ogadcn ' 000 , )0 days 0.,0 JS ,.,. DuU nullLLC " do,. ... ' " ... ' P.k l$u n 'nfa:tl(ll1 

mfcellon 

Ogaden ' 000 , 30 days 0.,0 JS do,. PO$ It,,·c 0 ... ' control " ... ,. ... ' 
In(ceuon mf«uon 

No< 0 , 30 days Non mfeeted No< Ncpu,~ " ,.,. of'" 0 

inf«u:d !Jutcd control ICchmaul';lI l1on 

3.3.2. 1. Faecal Egg Count Reduction Test (FECR %) 

The efficacy of the different anthelmintic used in thi s study was detennined by comparing the 

feca l egg count reduction test from a group of animals before and after treatment as desc ribed 

in Presidente, 1985. The faecal egg coun t of each ex perimentall y in fected as well as control 

positive groups was madc using modifi ed MacMastcr egg count ing techniq ucs (Soulsby. 

1986) on the day o f treatment and 011 thc lOth day post trc'lI mcnt. 

Using the arithmcti c means of faecal egg count , the efficacy o f each dnlg was calculated 

us ing the following fOnl1Ula. 

FECR % ~ T1'll X 100 

T, 

Where T I . pre treatment and T2 is post trealmcnt arithmetic mean o f egg pcr gram of fcccs 
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An e fficacy of less tnan 90% and a 95% conlidcncc le"el of less than 90'1. is taken as 

indicat ive of thc presence of anthelmint ic resistance (Coles el 01 . 1992). If the value of FECR 

% is less than 900/.: it ca b cd " .. . 0, n e us as a entenan 10 indicate thc presence of resistance to 

anthelmintics (Wood e( aI. , \995). 

3.3.2.2. Controlled Anthelmintic Efficacy Tcsi 

All lambs were slaughtered 10 days after treatment and the number of wonns present in thc 

lumen and mucosa of thc abomasums recovered and coun ted. Efficacy percen tage was 

calculated as the difference between the gcometri c mean wonn counts in the untreated control 

and the treated groups expressed as a percentage of the geometri c mean woml counls in thc 

cont ro l group (Presidentc, 1985). The woml burdens wcre dctcn11ined accord ing to standard 

wonn counting procedurcs described in (MAAF, 1979; Jorgcn and Perry, 1994; Wood et 01 

1995). 

Percent efficacy = Worm in control· \Vonn in treated X 100. 

Worm in control animals 

The geometric mean can accurately represent the distribut ion of nematode popUlations within 

a group of animals and would give a more accurate indication of the degree of a product 

(Wood el al .. 1995). 

3.3 .2.3. In Vitro Egg Hatch Assay 

The egg hatch assay was used as outl ined in the WAAVP recommcndations (Coles e l al., 

1992; Wood el aI., 1995). Pretreatment samples were pooled for all lambs and undeveloped 

eggs wcre recovered using Magnesium sulphate as a notat ion nuid from freShly collected 

faeces in less than two hours before processing. Magnesium sulphate was removed from eggs 

with excess tape water. The recovered eggs were adj usted at 50· 100 eggs in 100 ~I of water 

and were incubated for 48 hours at 230[ in serial concentrations of albendazole Greece 

dissolved in 1% OM SO ranging from 0·8 .96~glml (17-20 different concentrations) (Oorny et 

al., 1994). The control was prepared in 5 replicatcs where as each of the different 

concentrations were prepared in triplicates. Lugol's iodine was used to stop further hatching 

and all eggs and larvae at eaeh Albendazole concentration counted as dead. embryonated or 

hatched to L1• 
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Then the percentages of eggs <I hi ' 
lat ale I, embryonate or die al each concentliUlon WIlS 

dCICn11 ined by counting the whole content of cach labeled tube under a microscope. N:l.lural 

mortality was corrected from the percentage o f eggs that halch 111 the controls and the 

percentage death value of each tube was plotted against each different conccntr.lllons of the: 

an thelmintic under eva luation (presidente, 1985). The LDjO was calculated for each sample 

using prabi! analysis (Finney, 197 1) and then used to plot n curve against log concenlration oi 

drug. In addit ion to the Ogadcn isolate of I/. COII/OrlIlS , known susceptible and resistant 

reference strai ns were used to compare with the response of the tcst iso latc-. 

3.4. Statistica l Analys is 

Microsoft excel soft ware was used to storc thc all thc data of abo masal parasitcs and 

ex perimental stud ies. Soft ware programmes known as Stata (Intcrcooled Statn 7.5) and 

SPSS ll .5 for windows (2) were used fo r data anal ys is. 

The prevalence of abomasal parasites, average wonn burdens, total wonn bu rdens, the 

monthly value of different stages of abomasal parasites and the percentagc values of the 

different vulvar morphs of female Haemonchus between different months of the study period 

and between the two hosts were all compared by ANOV A. When p value is less than 0.05 the 

presence of significant difference is considered (Colcs e/ al., 1992). Mean, confidence 

interval, percen tage value, standard deviation and standard error were all used where they arc 

found to be necessary to compare and describe abomasa l parasites in both sheep and goats. 

As for the second part o f the study, which is the controlled experimental stud y, the stati stical 

ana lysis app lied was percentage reductions in the nematode and eggs, compared with the 

contro l group were calcul ated by usi ng the arithmetic and geometri c mean counts for each 

gro up. Pre- and post treatment egg and nematode counts were analY.led by an analysis of 

variance between the groups by the repeated measures of analysis of variance (ANOVA) 

using the genera l linear models (GLM) procedure with pa ir wisc compari sons betwccn the 

gro ups. Wornl burdens and epg were compared betwecn groups by ANOVA when a p value 

is less than 0.05 it is considered signi fi cant (Colcs el al., 1992) . 



4. RESULTS 

4.1. Study 011 AbomasallJar:lsitcs 

4. 1. 1. Prevalence and Burden of Abomasal Parasi tes 

or the tota l 114 sheep abomasums examined for the presence o f abomasal parasites an overnll 

preva lence rate of 92.9% was recorded duri ng the study period from August 2003 to March 

2004. The abomasal parasites recovered and idcnti ri ed from sheep were l/acmo"cJms with the 

prevalence of 91 .2% and T. {l,:rei with the prevalence rate of 37.7 %(Figurc 2). On the other 

hand out of the total 82 goal abomasums examined an overall prevalence rale of 90.2% of 

abomasa l parasites was recorded. with spccilic prevalence of 2.9 % J/aemollciw's and 

40.24% T. axei. Both sheep and goats o f the study area remained infected wilh different 

parasite stages throughout the study period (Figure 3). 
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In the current study the monthly average wonn burden of Haemonchus in sheep was found to 

be hi ghest in August (1433. 1) and lowest in December (388.9) and fails between these values for 

other mon ths as indicated in Table 7 below. Similarly the hi ghest r. flxei bu rden in sheep W:lS 

recorded in August (638.5) and the least in December (44 .4). Simi larly the month ly average 

Woml burden of Haemonchus in goats is highest in December (9 14.5) and lowest in March 

(450.0) and li es between theses va lues fo r the other mon ths. Where as in T. axe; the highest 

value is recorded in December (572.7) and lowest in March (210.0) as presented in Table 8 

be low. Generally sheep were more heavi ly infccted than goats as it can be seen from the 

above Figures I and 2. The wornl burden of Haemonchus species was found to be 

signifi cantly different among different months of the year (P < 0.05 at F=-7.37) in both sheep 

and goats. 
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Table 7: Monthly mean Woml burden and 95% confidence in terval of ll llcmonchus and T axel 

in sheep (n=114) 

No of shcep J-Iaemonchus T a.rt'l 

examined 
95% 95-/0 

Month Mean UB Ll3 Mean UB LB 

August 13 1433. 1 1067.2 179 .9 638.5 299.7 977.2 

September 14 1020.0 59 .3 \441.7 328.6 139.9 5 17.3 

October 16 867.5 625.8 1109.2 106.3 -81.9 294.4 

November 10 934.0 497.6 1370.4 490.0 -262 .8 1242. 

December 9 388 .~ 168.5 609.3 44 .4 -58 .0 146.9 

January 18 495.7 320.6 670.6 138.9 66.2 211.5 

Fcbruary 14 522.9 335.8 709 .9 192.9 -63.8 449 .5 

March 20 416.0 264.6 567.4 115.0 -2.9 232.9 

CI: confidence interva l, UB: upper bound, LB: lower bound 
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Table 8: Monthly mean Woml burden and 95" c fid . If ' 10 on 1 cnce 10Icrva 0 In IInemonchus and T 
axel goat (n~82). 

No of goal I-Iacmonchus r a.t:el 
examined 

95%CI 9S~. CI 

MOllfh Mean Ull LB ~'lca n UB LtJ 

October 7 751.4 59 .2 904.7 414.3 -326.4 1154 9 

November 13 572.3 325. 1 19.5 292.3 -77.3 661.9 

December 11 9 14.5 185.6 1643.5 572.7 146.7 998.8 

January 15 574.7 303.3 846.1 320.0 31.3 608.7 

February 16 528.8 295.9 761.7 31 8.8 -319.3 956.8 

March 20 450.0 263.2 636.9 2 10.0 67.6 352.4 

The differen t stages of Haemonchus species viz; adult (male and fem ale), Ju venile (Ls), '""" in 

the digesta and ~ in the mucosa were identified and counted by standard procedures from 

114 sheep and 82 goats. Accordingly the average percentage distribution of each of the 

different stages of Haemonchus species in sheep were 79.5 % adults, 14.1 %Ls. 6.0 % La in 

digesta and 5.0% L4 in the mucosa Where as in goalS 81.5 % aduhs, 11.6 %L,,6.9 % 1....& in 

the digesta and 5.3% La in the mucosa were detected (Table 9). The monthly wonn burden of 

Haemollchus species was found to be significantl y different among different months of the 

year (P< 0.05 at F=7.4) in both shecp and goats. 

Sex ratio of male to femal e was about 0.5 and 0.6 in both Haemonchus and T. lu :el in sheep 

and goats respectively (Annex 11 and 12). 
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Table 9: Average values ofth d' ffi 
e I erent stages of Naemoncluu SpeCIes In sheep and goat on 

month I y basis. 

Ilost Worm Aug. Sop. Oa. Nov. D<c J'n ftb Mou Pt'Ktnu,i c 
Spp stage 

Sheep Adults 11 76.9 778.6 6 12.5 820.0 31 t.t m .s 400,0 3050 79 S 
(1\= 114) (M+F) 

Juvenile 207.7 207. 1 212.5 60 0.0 77.8 42 9 lS 14 1 
(1.,) 

L4 in the 30.8 14 .3 25.0 30.0 66.7 SO.O 714 70 60 
digesta 

L~ in the 57.5 70.5 70 0 60.0 25.0 55.0 30.0 300 SO 
mucosa 

(n~32) 

Goat Adults NO NO 628.6 407.7 78 1.8 440.0 4 12.5 34S 81.5 
(n~82) (M+F) 

Juvenile NO NO 8S.7 107 .7 90.9 67.3 37.5 40 11.6 

(l,) 

L4 in the NO NO 14.3 38.5 27.3 53 .3 68.7 SS 6.9 

digest .. 

L4 in the NO NO 40.0 60.0 45.0 3S.0 40.0 50 .0 S.3 

mucosa 

(n~24) 

ND: Not done 

LJD: L4 in the digesta. lAM: ~ in the mucosal 

Mucosal Li stages of Haemollchlls were iso lated uSing thc William 's Method. ci tcd in 

Soulsby (1986) and MAFF (1979) incubat ing the abomasal mucosal surface in snli ne so lution 

o f 32 sheep and 24 goat abomasums in order 10 observe the contribution of mucosal larvae to 

the overall woml burden. Based on Ihi s the contribution of the mucosal 1... stage to the ovcr all 

total wonn burdcns of HaemollcJllls species in sheep and goalS were 5.0% and .3% 

respect ive ly (Figure4) No signi ficant difference was observed between difTcrcnt months in 

bOlh sheep and goalS (p > 0.05). 
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Figure 4: Monthly Percentage value of Mucosal r...., Haemonchus in sheep and goals 

4.2. Morpholog ica l Characteristics of Jlaemo" c/,tls species 

4.2. 1. Types of Vulvar Morphs 

Out o f the 3 187 female worms randomly selected from 32 sheep. 49. 9% were h:wing 

linguifonn vulval morphs, 28.5% knobbed and 23.0% wcre having smooth vulval l1lorphs 

(Tab le 10) 

Si milarly from 24 goalS, a total o f 2386 female worms wcre studied, and 53. % lingUi foml, 

18.4% knobbed and 27.6% smooth vulvar nap category were recorded (fable 10) 

Morphological photograph 10 show the impor1ant [eatures is presented in Annex 17 
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In both host species a significa t d'lT ( . n illcrcncc p < 0.05) was observed 10 the proportion of the 
three major vulvar morph types' b t th . . . . , u ere was no Significant statistical difference (p :> 0.05) 

for each vulvar morphs in different months of the study period. 

Table 10: Monthly distribution of tile different vulvar morphs of female Ilaemollchus specIes 

in percentage value 

Host Vulvar Aug. Scpo Oct. Nov. Dec. Jan. Feb. Mar. T OI :!I 

species morphs 

Linguiform 63.1 60.0 69.2 40.0 60.0 41.5 29.4 32.7 49.5 

Sheep Knobbed 19.5 27.2 22.2 43.1 14.5 18.1 35.7 39.7 28. S 

(n=3 187) Smooth 17.3 12.7 8.5 16.8 25.5 40.4 34.9 27 .7 23.0 

Goal Linguiform NO NO 59.2 66.5 53.8 59.0 37.6 46.7 53.8 

(n=2386) Knobbed NO NO 20.7 20.7 15 .1 20.2 20.1 13 .7 18.4 

Smooth NO NO 20.0 12.7 31.0 20.7 41.4 39.7 27.6 

A total of 1580 linguiform Haemonchus coll ected from sheep were further identified and the 

following percentage was obtained: 27.2% A type, 14.8% B type, 5.3% C type and 2.2% I 

type li nguifonns. In goats out of the l285 Linguifonn morphotypes 27.3 % were A type, 

17.5% B type, 6.6% C type and 2.3% I type (Table 11 ). Morphological photograph to show 

the important featu res is presented in Annex 17 
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Table 11 : Linguiform Morphotype H . . aemonchus Distribution in Percentage "'alue on ~'Ionthl) 
basIs. 

MONTl1 Sheep (n 1580) Goat (n- 1285) 

LA% LB% LC% L1% LA% LB% LCo;. L1% 
Aug. 33.2 15.1 5.4 9.4 '0 ND 0 ro 
Sep. 29.7 20.2 10.0 0.0 0 '0 0 0 

Oct. 35.7 23.0 9.7 0.7 45.0 10.7 2.2 1.2 

Nov. 20.9 18.4 0.8 0.0 41.5 17.2 5.2 2.5 

Dec. 37.5 11 .2 9.5 1.7 25 .4 15.9 8.7 l .8 

Jan. 21.4 14.8 2.8 2.5 19.5 27.0 10.7 1.7 

Feb. 18.5 7.3 2.3 1.3 20.2 11.6 4.5 1.2 

Mar. 20.3 8.3 2.3 1.8 12.5 22.7 .2 3.2 

Total 27.2 14.8 5.3 2.2 27.3 17.5 6.6 2.3 

ND: Not done; 

LA: with only one cuticular inflations 

LB: with out cuticular inflation, 

LC: wi th two cuticul ar inflations, 

L1 : the cuticular inflation arises from the linguiform processes 

4.2.2. Identification of Haemonchus Species 

Based on spicule measuremcnts and the discriminant function (Jacquicl er al., 1997), a total of 

1159 adult Haemonchus males collected from sheep on monthly basis were identified to their 

respective species. Accordingly. 1102 (95 .1%) were H C01lrorIUS. 46 (3.4%) werc ,./. pitlCf!1 

and the rest 17 (1.5%) were identified as Ii. /ollgisripes (Tab le 13). Simiiariyoul of 41 adult 

Haemonchus males collected from goat, 812 (96.5) H co,,'ortus, 25 (3 .0%) II. pillce, and 4 

(0 .5%) H !ollgisripes was recorded. The maximum and minimum measured values of 

parameters on spicules that werc used in determining Haemonchus spec ies are presented in 

Table 12. The proportions of the three I-Iaemonc/ms species were not signifi cantlY different 

between sheep and goats (p > 0.05). 

The average measurement values on spicules used in detennining Haemonchus Species arc 

presented in Annex 13. 
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Table 12: Minimum and maxim h . urn marp omcrtnc values of spicules In ~m In sheep and 
goats on monthly basis 

Animal Parameters Month 

Sp CCICS measured Aug. Scp Oct Nov Dec Jan Feb Mar 
Sheep TL M in. 416.8 416.8 416.8 406.2 41 6.8 366.3 41 6.8 404.2 

Max. 530.5 568.3 606.2 555.7 543.1 530.5 543.1 530.5 
THr Min. 37.9 37.9 37.9 31.7 31.6 31.6 31.6 37.9 

Max. 88.4 88.4 101.0 56.8 63. 1 56.8 56.8 56.8 
TH I M in. 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 

Max. 37.9 37.9 37.9 44.2 31.6 25 .3 31.6 25.3 
OF M in. -2.5 -2.5 -3 .4 -3.1 -2 .4 -3.4 -3.1 -2.5 

Max. 7.9 8.0 9.65 4.9 3.8 1.2 3.0 1.2 

Goat TL Min. NO NO 429.4 404.2 39 1.5 353.6 404.2 416.8 

Max. NO ND 530.5 530.5 505.2 511.5 530.5 530.5 

THr Min. NO NO 37.9 25.3 31.6 31.6 31.6 31.7 

Max. NO ND 63. 1 50.5 50.5 56.8 56.8 56.8 

THI M in. NO NO 12.6 12.6 12.6 12.6 12.6 12.6 

Max. NO NO 25.5 25.3 25.3 25.3 25.26 25.26 

DF Min. NO NO -2.5 ·3.2 -2.5 -2.5 -3.29 -3.29 

Max. ND NO 2.8 1.2 0.3 2.0 1.99 1.99 

Even though the percentage of the two species of Haemonchus (3 .4% and 3.0010 Ii. placei. and 

1.5% and 0.5% Ii. longistipes in sheep and goats respectively) idcntili ed in the CUrTent study 

seems small when compared to Ii. cOl/tortus, these two species were observed to infect 

considerab le proportion of animals 28.9% sheep and 34.5% goats by Ii. place; and 14.5% 

sheep and 5.4% goalS by Ii. IOllgistipes examined during the study period as indicated in 

Table 13 below. 
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Table 13: Occurrence of Haemonchus spec ' les compared to the proportion ortlOSts Infected In 

Sheep and goats 

No of animals examined 

No of worms measured 

Mean No ofwonns measured in each an imal 

11. COII/orl lls 

H place; 

H. /ongislipes 

Percentage of \Vonns 

Perccnlagc of animals 

concerned 

Percentage ofwonns 

Percentage of animals 

concerned 

Percentage ofwonns 

Percentage of animals 

concerned 

peties of Animals examined 

Goal 

76 55 

1159 41 

15.3 15.3 

95. 1 96.5 

100 100 

3.4 3.0 

28.9 34.5 

1.5 0.5 

14.5 S.4 

4.2.2.1. Mono and Poly-Specific Haemonchus infections in Small Ruminants 

Mono-speci fic H. co"torlUS infections were found to be very abundant in both sheep and 

goats of the study area, 57.9% in sheep and 58.2% in goals. 22.4% of sheep and 3 .2% of 

goats were having both Hcomorllls and H. pillce; in their abomasuills. While 11 .8% of sheep 

were having mixed infection with /J. cOflforllls. H place; and II IOllgislipes and no triple 

Haemonchus species in fection was recorded in goats (Figure 5). On the other hand the 

associati on fI. colllorllls + H IOllgisl ipes in shcep is 7.9% and 3.6% in goals as indicatcd in 

(Figure 5). No association was observed between month and type of lIaemonchus specIes 

combination during the study period. 
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Figure 5: Percentage value of Mona and Poly specific Haemonchus infect ions in sheep (= 76) 

and goats (n ~ 55). 

4.4. Efficacy of Albendazolc and Tctramisole 

4.4.1. Fecal Egg Count Reduction Test (FECR %) 

Results of faecal egg count reduction after treatment with all the tested drugs viz; Exiptoi 

Greece, Albendazole Pakistan, Tctramiso lc Greece and Duxami ntic Pakistan arc given in 

Figure 6. Compared to the contro l group all the four anlhcJminlics reduced the faecal egg 

counts by 100% suggesting that the Haemonchus c01ll0 rtllS Ogadcn iso late is susceptible to 

the four tested anthclmi ntics irrespective of their origin. 
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Figure 6: Epg va lues before and after treatment up to the day of slaughteri ng of experimental 

lambs (n=30) compared to the control groups. 

4.4.2. Contro lled Anthelmintic Efficacy Test 

The average \Vonn burden counted on day 42 was 630 for the pos iti ve contro l group whi le the 

four treatment groups that have received either albcndazolc or tcrtamisolc of Greece and 

Pakistan origin had no worm COllnt following the standa rd woml counting procedure. 

Therefore the controlled anthelmintic efficacy test which is based on Woml count reduction 

compared to posit ive control groups confimled Ihal Ognden iso lates of If. COI/tOrllls remained 

full y susccptible to Exiplol Greece, Albendazole Pakislan, Tetrnmisole Greece and 

Duxamintic Pakistan. The percentage efficacy va lues calculated for 011 types of the drug 

tested is therefore 100%, further confinning the result obtained by FE RT and EllA 

techniques. 
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4.4.3. In Vitro Egg Hatch Assay 

The LDSO values of albendazole Greece evaluated on Ogadcn isolatc. known 5USCcpllbic and 

resistant strains of H. COlllortl lS arc indicated in Figure 7. The LD~ values of albcndaJole 

Greece obtained after correcting for natural mortality was about O.06~gfml fo r gaden Isolate 

whi le that of the known susceptible and resistant reference strains was found to bc 0.0 ~gJml 

and 1. 28~g/ml respectively. 
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5. DISCUSION 

Prevalence and \Vorm burden 

The current study revealed an overall prevalence of 93 "'u d 90 2" r bo 1 
.V I'O an . 1"0 0 amasa paraslles 

in sheep and goats respectively, which is vcry signi ficant in view of tile worldwide Intcrest In 

i-Iacrnollchosis, which is regarded as one of tile most prevalent. pathogenIc and econonncally 

important nematodes of small ruminants. The findings of the curren! study confirmed the 

wide abundance of abomasal parasites in the study area supporting previous studies conducted 

by Solomon (1987) who reported 90 %, Don.ld (1999) .• nd Abebe and Es.yas (2001) 

reported more than 90% prevalences of abomasal parasites in the Eastern part of Ethlcpu!.. 

Many other studies conducted elsewhere in Ethiopia also support the present finding thu 

indicating the rampant nature of gastrointestinal hclminthosis in general and I-I acmonchosls In 

particular. Gebreyesus (1986) reported 94 % in Gondar, Tesfalcm (19 9) 59.2 % in Bale, 

Bayou (1992) 90.2% in lIIubabor, Dcrege(1992) 91.0% in Wolli.,. odo and Gennene (1994) 

91.4% in Kombolcha pointed out the significance of GIT parasites Helminthosis is vcry 

considerable all over the country. 

Thcre was no significant difference (p > 0.05) in prevalence of abomasal parasites between 

sheep and goats indicating that both spccies are almost equally susccptible to both 

Haemonchus spp and T. axei. The current study al so clcarly indicated the existence of year 

round infection of small ruminants of the study area by abomasal parasi tes which is in line 

with Teklye (1987) finding that pointed out severe contribution of ovine nematode morb idity 

throughout the year. Sheep and goats of the sl'Udy area arc afTected by a very high prevalence 

rate of 9 J .2% and 82.9% Haemonchus species respectively. Where as the overall l11can woml 

burden of Haemonchus was found to be 759.5 and 472.4 in sheep and goats respcctively. This 

finding suggest thai Haemonchus to be the moSI dominant abomasal parasite and owing 10 liS 

known pathogenic significance it will undoubtedly contribute 10 production losses, illlhriO. 

morbidity and mortality of small ruminants of the study area. Doth laIC ~ and L, siages of 

Haemonchus are known to be a voracious blood suckers ( oulsby, J 986; Bowman, 1995 and 

Urquahrt et al., 1996). This finding on H3cmonchosis agrces with othcr studies maInly 

conducted by 6 th year students of FVM in othcr parts of Ethiopia, olol11on (19 7) 93.6 in thc 

Ogaden region, Ahmed (1988) 88.2% in lVellega. Deroge (19<)2) 0% in Wollo,,' Sodo, 

Gencne (1994) 83 .9% in Kombolcha, Gctachcw (199 ) 95.5% in Mckclc and Abebe and 
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Esayas(2001) 96.5% in Eastern art f Eth· . 
. p 0 lopla .. The result of the present study IS also In 

agreement with the findings of M ' . ( 
amgl 1997) who regarded Haemonchus as the most 

imponant parasite against which worm t I · . . 
con ro IS pnmanly targeted in Kenya and Fal..u 

(1990) who reported 77.8 ~ lOO% prevalence ratc in Nigeria. 

The different stages of Haemonchus that were recovered, isolated and identified from the 

abomasums of small ruminants are indicated in Table 9 d F· 4 A an Igure . great propomon or 
the abomasal parasites of sheep and gOats const,·tutes h,·gh be f d I . h num r 0 a u Is wit an overall 

percentage of 79.8% and 81.5% of the total Wornl burden, fo llowed by 14.1% and 11 .6 % 

juvenile, 6.0% and 6.9% Lt in the digcsta and in sheep and goals respectively. This finding IS 

inline with the previous works conducted in Mauritania by Jacquict el al., (I992), Jacquici el 

al., (1995) and Abebe and Esayas (2001 ) in Eastern part of Ethiopia in Ihat both of them 

reported predominance of the adults and followed by other stages depending the season of Ihe 

year. 

In both sheep and goats females were more abundant in number than males contributing 

28.6% and 49.9% respectively. In sheep female 's share is 51.1 % and malc's share is 2 .1% 

where as in goats males and females contribute 28.6% and 49.3% to the total wonn burden 

respectively and the variations in months in both host species wcre significant throughout the 

study period (P < 0.05). This finding is in agreemenl with previous study conducted in 

Eastern part of Ethiopia by Abebe and Esayas (200 1). 

The overall contribution of the mucosal larvae to the 10la1 woml burden was found to be 5.0% 

and 5.3% in sheep and goats respectively. Up on stati stical anal ysis (p=O.4826 at F==O.94) of 

the result by ANOV A significant difference between months was not observed. This finding 

doesn' t agree with the previous study conducted in Eastern part of Ethiopia by Abebc and 

Esayas (200 I), which is due to the difference in study area in Afar and Somali and months of 

the study period, in which the previous study was conducted in dry periods of the year from 

November to April. 

The total prevalence rate of Haemonchus was not significantly di fferent between sheep and 

goats (p=O.OO02 at F=4.29) which is because of thc two host species are sharing the same 

environment and have similar susceptibility to thi s parasite. But the monthly worm burden of 

the two host animals was found to be statistically significant (p < 0.05) between dirrerent 

. h d t the crrcct of the di rrerence in climatic months of the study period, whlc was uc 0 
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conditions among different months of Ih . 
. . e study penod. This find ing also agrees With the 

previOus study conducted In Mauritania b J . 
. y acqulet el 01., (1992) and Abebe and Esayas 

(200 I) In Eastern part of Ethiopia in that both f h .. .. . 
o t em ind Icated smular findings. 

Vulvar Morphs and Species 

During the study period from a tOlal of32 sheep a total of3091 d < an .rom a total of 2.$ goats a 
lotal of 2842 female Haemonchus worms were coi l- ted d . ed . . ...... an categonz In to theIr respectl\'C 
vulvar morphs. 

Out of the 3091 female Haemonchus worms collected from sheep, 50. % of them "erc 

having linguiform type of vulval flap, 29.4 were knobbed and 19.8 were smooth type with no 

vulval process (Table 10). While vulval identification of 2842 wornlS collected from goats 

rt:vealed an overall percentage value of 53.8 linguifonn, 18.6 knobbed and 27 smooth . The 

linguiform morphs predominate and out numbered the other morph types in both sheep and 

goats and thi s finding is found to be in line with the previous studies of Jacquiet el al., ( 1992). 

Jacquiet el 01. (1995), Jacquiet el 01. (1998) and Esayas and Abebe (2003). In both host 

species stati stical analysis of the result indicated the absence of signi ficant difTerence (p > 

0.05) in the proportions of the three major morph types; linguiform, knobbed and smooth 

among the different months of the study period. The absence of monthly dependant 

fl uctuat ions in the proportion of vulval morphs is also indicated by scveral authors (LcJambre 

and Whitelock, 1968; Jacquiet et ai. , 1995; Esayas and Abcbe, 2(03). The study revealed the 

morph distribution in sheep and goats was not very difTerent. The linguifonn females were 

found to be the most common and the knobbed and the smooth females werc not rare. 

In the present study. within the linguifonn morphotypes, an overall relative percentage values 

of27.2% LA, 14.8% La, 5.3% Lc and 2.2% L[ in sheep and 27.3% L .... , 17.5% Lu. 6.6% lc and 

2.3% LI in goats were recorded during the enti re study period (Tab le I I). A clearly defined 

seasonal vari ation was observed in which the A type linguifoml showed statistically very 

significant (p < 0.05) fluctuations in difTerent months of the study period whil e others such as 

B type didn ' t show signi ficant fluctuation during the study period. This is most probably 

suggestive o f the lower abili ty of A Iype linguifoml as compared to the B type linguifonn 111 

Coping up dry months of the study period which is in agreement with the previous findings of 

LeJambre and Whitelock (1968). The A type linguifonn was also found to be the one which 

holds the greatest proportion contributing the largest share 10 the linguifoml complex. 
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Species identifi cation of individual male . . 
. . wa nns In nalural populations indicated that alllypes 

of combmatlons of Haemonchinae infections DCC ed " h 
urr In I e study area. Out aCthe 1159 maJe 

Haemonchus collected from 76 sheep 11 02 (951 " ) "" 
, . 10 were Idenll fied as /I. COnloriIlS, 40 

(3 .4%) H. placei and 17 (1.5%) If. {ollgisripes based on the values o r measurements of the 

morphometric parameters of the spicules as outlined in Jacqucit ct. ai, (1997). Similarly from 

a tota l of 55 goats a total of 841 male Haemonchus were isolated and identified in to 12 

(96.5 %) H. cOll /or tus, 25 (3.0%) H. placet and 4 (0 5o/c) H long " , " B th "d" " 
. o . IS lpeS. 0 lin 109 In goals 

and sheep suggest the coexistence and circulation of Haemonchus species among different 

animal species of the study area particularly that of cattle and camels. The different ruminant 

host species o f Ogaden region of Ethiopia norm ally share the same grazing pasture favoring 

the transmission o f infection among hosts. Even though mono-specifi c infections wilh H 

COI/tortus were common in the majority of the cases, 57.9% in sheep and 5 .2% in goats. It 

seems that other Haemonchus species associations infections are also very imponant. The 

sympatric existence o f two or three Haemonchus species in one host is promoted by ex tensive 

breeding on mixed pastures, which is very evident in the contcx t of the study area. 

The presence of non-specific Haemonchus species in both sheep and goats is comparatively 

lower than that of H. cOll/orlus, which is speci fic to small ruminants. 1I. place; was found in 

28.9% of sheep and 34.5% goat populations studied but the proponion of these species to Ihe 

total number of wonns subjected for identification account only 3.4% in sheep and 3.0% in 

goats (Figure 5). On the other hand H. /ongistipes was found in 14.5% sheep and 5.4% goal 

populations but the proportion of these species within the total number o f wonus identified in 

sheep is 1.5% in sheep and only 0.48% in goats. This finding is inline with Ihe study 

conducted in Northern Ivory Coast by Acro et 01 (2003). These findi ngs suggest the possible 

appearance of a wide range of susceptible hosts could be one of the means of survival 

strategies o f these species in the study area. 

Efficacy of Albendazole and Tetramisole 

Although the situation, degree and extent of susceptibility or resistance of gastrointestina l 

parasites of small and large ruminants in Etbiopia is nol known, the results o r the present 

" . h t context of tbe study area anthelmintic resistance stUdy support the Idea that In t e curren . . . 
. . . I mall holder fanning system. Since antheimmtlc 

never pose senous economic losses III rura s . 
" " f th 1 'ntic usage it is essential to fonnu late strategic resistance is an mevltable fatc 0 an e 011 
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Programmes for the control of gaslro,' I . 1 
n estlna nematodes h' h do . . • W Ie nOI rely courely on lhe 

use of anthelmmllcs. The efficacy of c . II . 
ommercl3 y avai lable anthelminlics on sheep and goal 

fanns should also be regularly monitored t 'd I 
o avol osses due to anthelmintic ftulurt In order 

to preserve the fu ll potential of all the evaluated 1 1 . . 
. '. am Ie ffilOtl CS the drugs should be used 

strategica lly In alteratIOn with other broad-specl hi " 
rum ant c mmtlCs. 

The resu lts of the FECRT ca . d . 
m e oul and Interpreted according to the WAA VP 

recommendat ions (Coles et al. 1992 and Wood el I 1995) 'ded • a " provi c\'ldence of 

susceptibility of Ogaden isolate H. COlltortllS to Albcndazolc Greece, Al bcndazole Palaslan, 

Tetramisole Greece and Duxamintic anthelmintics. According to Coles et al (1992). FECRT 

results below 90 % strongly suggest the presence of anthelmintic resistance. 

In spite of the considerable variation in cost and preferences by the professionals and user 

society based on the country of origin of drugs, the results obtained in thi s study clearly 

confi rmed equal susceptibility of Ogaden isolate to Ex iptol Greece, Albcndazole Pakistan. 

Tetramisole Greece and Duxamintic Pakistan. As indicated in Figure 7, the feacal egg counts 

(Epg) was reduced by 100% by all four anthelmintics according to the manufactures dose, in 

lambs infected with Ogaden isolate of Haemonchus con/OrIllS, which is one of the well known 

and important gastrointestinal parasites of small ruminants in tropics. Thus it was very 

interesting to note that all the evaluated anthelmintics irrespective of the country of origin 

appeared to retain a high level of efficacy of 100% against Ogaden isolate of J-J. contOrt/IS. It 

was generally believed that drugs from European countries are truly effective while those 

coming from developing countries are considered as fake and ineffective. In our present 

study, the two drugs were taken to accommodate the concern of most professionals whereby 

drugs coming from countries like Pakistan are considered as inefficacious despite the low cost 

of the drugs in open market. This piece of work generally disproved the irrational bias we 

have towards the drugs coming from developing countries. However, it is always advis.1ble to 

undertake regular quality checkup for all drugs circulating in open markets to protect any 

undesirable effects. 

The present FECRT finding is also supported by necropsy data from animals treated by the 

. egg haleh assay results. The results of the controlled anthelmintics and by in Vitro 
f 11 experimental lambs and the calculated 

anthelmintic efficacy tests for each group 0 a 
. ' re 100% All the evaluated anthelmintics 

efficacy percentages of all the four anthelmmucs we · ." 
. 1 P k' I Tctramisolc Greece and DUX3mmtlc PakIstan 

u z; Albendazole Greece. Albendazo e a IS an, 
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at the manufacturers recommended d 
ase rate completely removed the Ogaden Isolate 

Haemonchus from all the experimental I b t: '. 

am 5 lunher valldatmg Ihc 100% efficacy of all 
tested drugs. All the uninfected (negative) I 

COntro group lambs were found to be negatIVe for 
Haemonchus wonns confinning that th I . 

esc ambs were kept In conditions thal precluded any 
accidental infection during the whole experimental period, 

Similarly the results of the egg hatch assay made on Ih 0 d . I . e ga en ISO ate In companson w l lh :I. 

known susceptible and resistant reference strains indicated Ih 'b' I' rh O d e suscepll I lIy 0 I e ga en 

isolate of Haemonchus contortus to benzimidazole dru (F ' 7) Th LD gs Igure . c ~ values 

obtained for a known susceptible and resistant reference strains were O.08Jlglml and 

1.28Jlglml respectively while for that of Ogaden isolate, the LD,Xl value of concentration of 

Albendazole was O.06~glml. The LDso of 0.06 ~gfm l albendazole for the Ogaden isolate H. 

co1l1ortus is with in the range of values indicati ve of susceptibili ty reported elsewhere for 

benzimidazole susceptible strains (LeJambre, 1976). LcJambre (1976) reported that nematode 

strains resistant to benzimidazoles generally had an LDso of more than O.1211g1ml. 

The results of the present study clearly indicate that the three methods of susceptibility 

measurement techniques were obseIVed to match in indicating the susceptibility of the 

Ogaden isolate H. contortus to Albendazole Greece. This is in accordance with the 

recommendations of W AA VPA that requires validation of the result of FECRT by egg hatch 

assay (Coles el af., 1992). Johansen (1989) also indicated that the egg hatch assay validated 

very well and can distinguish benzimidazole susceptible and resistant nematodes reliably. 

Some of the previous studies made at field level in Ethiopia suggest the susceptibility of GIT 

parasites to benzimidazole and imidazothiazole compounds. Kasahun (1997) reported 

susceptibility of GIT parasites to Albendazole Tetrarnisole in Woli ata sodo, Ncssiru el al. 

(1997) stated the good efficacy of albendazole and Daniel (1998) also reported susceptibility 

of different species of parasites to Oxfendazoie and Tetramisole at Sebeta farm . 

The susceptibility of Ogaden isolate H. c01llortuS to all the tested drugs observed in this study 

is indicative of the absence of development of anthelmintic resistance in the area of study. 

. d t the very low frequency of anthelmintic treatment 
One of the most probable reasons IS ue 0 

. Is are treated only when they get sick and as a 
practiced in the area. In most cases, amma 

r '1 rerugia in the study area. result there are large numbers 0 parasl es as 
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The high efficacy of all the studied drugs observed in the expenmental study can only be 

conserved and the effective fi eld li fe of these drugs be extended by rtl}ing on better use o(t.he 

available anthelmintics that avoids all the factors that selects rCSlst3Jll str:lIns of p31'USl1CS 

Hence the tested anthelmintics of the different chemical groups can altemau\dy be used 10 

contro l thi s isolate of parasite in the study area. provided these drugs are ustd appropnately 

and wisely to conserve their susceptibil ity by avoiding all the ad,,'antages that select resistant 

strai n to these drugs. It should be noted that resistance genes arc present an uncxposct.l 

populations, albeit at very low frequency, and serve as a primer in the evoluuon of resistance 

when effect ive selection pressure is appli ed . This means that resistant indiViduals arc already 

present in a population of parasites and resistance cnn be brought about when the selection 

pressure of resistant genes is increase (Manin, 1985). Moreover in order to mnmtam the 

effectiveness of the few broad-spectrum anthelmintic groups the mechanism of anthelmmllc 

resistance should be clearly understood very well. 
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6, CONCLUSION AND RECCOMMENDATIONS 

The results o f the present stud I I ' d' Y c car y 10 Itated lhal the productJ\'uy of mall rumm:ulI.s of 

the study area is confronted by amazingly \'cry high prevalence rtlle of 9 1 .2-;. IUld 2.fJt. 

Haemonchus and 377o/c and 402" T " , 
• 0 • 10 ,luel In sheep nnd goalS respectively through out lhe 

whole year. This high frequency of occurrence of abomasa l para5l1es coupled \I, IIh very 

significant pathogenic efTect and the losses it impose on producti"ity of the small rurnm3J11 

sector of agriculture which is very important for the livelihood of pastorahsls orthe study area 

shou ld receive special anemian. 

Trai ts o f vulvar morphology are considered as markers of ecological adaptalJon in which 

linguiform vulval flaps were found to predominate throughout the study period both In sheep 

and goals. However, the absence of nuctu ations in the proponions of the major vulvar naps 

(linguiform, knobbed and smooth) among difTerent months of tile study period is indicative of 

the non·seasonal variation in proportion of vulval types cxcept in thc linguifonn type A where 

a clear seasonal trend is observed. 

The curren t study also clearly indicated the sympatric existence of two or three species of 

Haemonchus in a singlc small ruminant host, which may be one of the very important factors 

in the survival strategy of the parasite in which a wide host range is considered to be vcry 

use fu l mechanism. This suggests that control strategies of the parasitcs in the study area 

should consider the decisive role exhibited by all other possib le hosts of the parasite wilh out 

wh ich the control methods sufTer from inefTecti veness. 

The result of the controlled experimental study of the susceptibility of Ognden isolate by egg 

hatch assay, FECRT and controlled anthelmintic efficacy test revealed that all the evaluated 

anthelmintics were observed to be very elTccti \fc with thc efficacy pcrcentage of 100% for the 

testcd batch of each drug on Ogaden isolate H. COIIIorlllS of the study area. In spite of the 

gcneral fac t in Ethiopia and particularly of the pastoral famling situation of the study area tlml 

lack pro fessional guidance and supervision of ant helm in tie usage, coupled With the inefTective 

and, in some cases, nonexistent official control of the li censing and sale of these drugs, 

fortunately and perhaps surprisingly, anthelmintic resistance doesn 't appear 10 be as common 

nor 10 pose such serious practical problems in the study orca. 
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It will not be surprising to detect hi " . . ant c mIOtIc rCSlstnncc 10 the near futun: thIs I I JO bcausc 
anthelmintic resistance is indicated to be nn 'ne '( hi r 

I VI a. e consequence 0 anthelmintic usage due 

10 the fact that genes that arc responsible for anthelmmtic resistance arc naturally found an 

1110St important parasites of rann animals lienee a h",ghly fli I hi •• . ' t cc 1\'C ant e n1lnlle elln lJOI; 

converted to ineffccti ve one within a year or less in the presence of WI effecllve factor tholt 

selects resistant genes orthe parasite via drug misuse. Moreover the dromntlc and rnpld spread 

of resistance to all the major classes of anthclmintics in many counlnes of the Ikorld should 

wom Ethiopia to usc wisely and properly the existing drugs. 

The high efficacy of all the four drugs detected in the study can be conserved If nnd only If 

consistently wi se drug use and appropriate app lication of ant helm in tics IS applied In the study 

area. So if efficacy of anthelmintics is not preserved, anthelmintic treatment failures \qll 

rcsliit leading to the probable emergence of anthelmintic resistance. 

In view of the current Ethiopian context, anthelmintic resistance merits urgent attention for 

several reasons of which some of them that can be mentioned are absence of clear infon1131ion 

on anthelmintic efficacy or susceptibility or resistance all regional and country basis. lack of 

livestock owner and public awareness about the effect of anthelmintic resistance on thc 

economy of the country, absence of functional drug use policy. lack of efTccti ve drug qua IllY 

cont rol, drug smuggling involving anthelmint ics at the top, unknown source of anthelmint ics. 

relatively cheap cost of drugs from open market, absence of regular drug efficacy eva luation, 

li se of expired drugs. Hence the base of the emergence of anthelmintic resistance can be 

anywhere from the manufacturer to the final person administering drugs to animals. 

In Ethiopia very scant infonnation is avai lable and no research has been conducted in the area 

of an thelm intic efficacy. susceptibility or resistance. This piece of infonnat ion may therefore 

help the coming researchers to understand the status and the situation of the study area. t-,llore 

over the egg hatch assay technique being fo r the first lime 10 be used in Ihe country may nlso 

in itiale other workers to apply it fo r anthelmintic efficacy evaluntion. 



In view of the fi ndings of abomasal parasi tes of the present Rudy and to nwnwn and 

conserve the efficacy of the evaluat<:d drugs so as to prevent the probable mevltable 

development and spread of anthelmintic resistance In the study area and nil O\'ef 1m country 

the following recommendations arc fo rwarded: 

}.- The problems of Helminlhosis and anthelmintic resistance should reccl\'( special 

attention at all Icvels. 

}.- Integratcd parasite control prog.rammes that combine all possible control methods 

involving strategic anthelmintic control, grazing management and brccdlOg gencllcall) 

resistan t ani mals have to be impk:melltcd. 

}.- Creation of society awarencss about the problem of Il cll1l1 nthosls and nsk of 

anthelmintic resistance 

>- The status of efficacy of anthelmintics in use should be made cenain by encouraglOg 

researchers. 

>- Functional drug use policy should be developed urgently. 

~ Regular and effective drug efficacy control centers need to be come into effect. 

> Accurate dose of drugs should be administered to animals or should be based on the 

dose of the heaviest animal in the nock. 

,.. Anthelmintics should be used on basis of annual rOlation. 

}:> Anthelmintics treatments should be integr3tcd with better management practices. 
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. different parts of Ethiopia. 
• • • - " " .... .. "vIIlCl.lUlIc..::, UI Ill;]! I KumlOants In 

Year Author Study Area Haem. Tricho Oster. BIllIO. Oeso. Tric/w. 
1973 Graber Shewa 72.7 

. 
- - - 11.3 -

1975 " Wollo 58.3 - - - - -
1982 Bekele A.A. 67.0 89.0 34.0 53 .0 I 83 .0 -
1983 Brook D.Zeit - - 7.8 22.9 - -
1983 "" D.Berhan - 84.3 - - - -
1983 " Assela 32.8 - 1.8 - - -
1983 " Awassa 3.0 1.4 - - I 82.1 -
1986 Gebrcyesus Gonder 36.36 6.81 - 34.09 77.27 54.55 

1987 Solomon Ogaden 93.61 33 .0 - 32.0 52.0 92.0 

1988 Ahmed Well ega 88.23 29.4 - - - 76.47 

1989 Tesfalem Bale 59.21 38.1 - 55,2 76.32 61.84 

1990 Gebrekiros Awassa 75.7 18.4 - - 31.1 9.7 

1990 Njau D.Bilca 2.9 19.4 1.5 - 25.4 -

1991 Bayou mubabor 58.0 20.0 - 44.0 86.0 24.0 

1991 Melkamu E.Showa 65.48 39.29 - 50.0 72.62 60.7 1 

1992 Dereje W.Soddo 80.0 10.0 - 44.0 90.5 50.0-

1992 Etagegnehu Wollo 42.9 34.0 44.0 - - 59.52 

1993 Yosef Assela 63.0 54.76 - 40.48 85 .71 63.44 

1994 Genene Kombolcha 83.87 63.44 - 40.7 79.56 65 .5 1 

1997 Achenef D.Bcrhan 62.87 51.72 - - 13 .79 6.67 

1998 Getachewu Mekele 95.55 28.89 - - 82.22 36.04 

1999 Donald Eastern 98.8 49.6 - 42.4 50.0 67.6 

Ethiopia 

2001 Abebe& Eastern 90.82 55 .8 - 38.97 74.8 51.75 

Esayas Ethiopia 

2002 Hai leleul W.Soddo 61.63 22.09 - 41.86 74.42 
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• 

• 

• 

The mucous membrane being carefully rubbed \ ·th C v, linger.; to remove any wom 

adhering to it. The contents and washings were made to a total of 4 litter.;. 

Then vigorously stirred until all food material, mucous and water were thorough 

mi xed. Then a total of 200ml of the contents was transferred to measuring cylinder 

five steps of 40 ml per step while stirring the mixture. 

Then a sub sample of20 ml was transferred in to a small graduated beaker to \\ hich 

3ml iodine was added to stain the wonns and 2-3ml sodium th iosulphate solut ion w 

also added to deeolorize debris. 

• Then about 3-4011 of the sub sample placed in a petridi sh having parallel lines mark. 

on it 5mm apart, diluted with water and the wonns counted under a stereomicroscop 

Samples were examined for the presence of parasites, identified and counted as mal 

female and juveni le using a stereomicroscope (lOx objective). 

• The total number ofwonns counted in the 20 ml sub sample is then multipl ied by II 

to get the total number ofwonns present in the abomsum (MAFF, 1979). 

Annex 3: Recovery and Count of Mucosal Larvae of Haemonchus species 

• 

• 

• 

The opened and washed abomasums with the mucous membrane facing down was 

placed in a tray containing warm saline solution of 0.8% and left soaked for hour.;. 

Then the abomasum was removed; rinsed well with waml saline solut ion aJ 

1 · . th h onta,·ncrs was sieved on 25 "m sic discarded. The saline so utlOn ill e "vo c .-

aperture to retain the larvae. 

Then the total volume of the saline solution was made up to 200m I out of which 

aliquot of 10 ml was examined in a petridish under a stereomicroscope and the larv 

. ·d t·tied The total number of larvae was detennined as t counted and the speCies I en" . 
. h b ample multiplied by 20, which gives the total abomru 

number of larvae m t e su s 

larval count. 
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• 

• 

• 

• 

w ith an aperture ofO.15mm. 

Then washed with a stream f ·1 
. .. a unt , no more food matter passes through. Then I 

Sieve tS Inverted Over a tray a d b 
n y means of stream water the wonns and fo 

material collected On the sieve are washed in to it. Then sufficient number of Ogo( 

strain female \Vonns were picked by forceps and collected in to a small clean beaker 

outlined by (MAFF, 1979). 

Then the collected female wonns were thinly sliced by scalpel blade in O. % 't 

solution to release their eggs. The egg suspension was spreaded over finely broken 

horse faeces that was sterilized for two hours at 140"'. Moist and crumbly consist •• 

was obtained by adding dry faeces or water to ensure sufficient moisture 

development of eggs in to infective larvae (MAFF, 1979 ; Hansen and Perry, 19' 

Wood ef at., 1995). 

Then the mixture was transferred to petridish and placed in an incubator running 

270< and left there for 7-10 days to get the infective LJ stage. 

The cultured petridish was stirred each day to avoid the growth of fu ngi and aerate 

lower layers of the culture and water was added to the cultures every 1-2 d. 

Sufficient number of infective larvae was obtained after several cul turing of the el 

obtained from freshly collected female wonns (Bowman, 19955). 

• To harvest infective larvae the culture was removed from the incubator and the fae 

• 

• 

were tipped out of the culture pertridish in to a 300ml wide mouthed iars. Then lid 

the culture petridish and its cover were washed with small quantity of water so a! 

remove any migrated larvae. Then water was added to the culture until the iar is ful 

the brim. 

A standard petridish was inverted over the mouth of the iar and the whole was tun 

upside down so that the inverted iar stands in the petridish. About 15011 of watcr \ 

poured into the petridish and allowed to stand over ni ght. The next day the fl uid in 

petridish containing many LJ was pippetted into a conical centrifuge tube ; 

concentrated by sedimentation (MAFF, 1979; Hansen and Perry, 1994; Wood 01 

1995). 

The larvae were passaged once in sheep before tranSil in that this Ogaden isolau 

Haemonchus contorlus served as initial infective larval source and \lias O1ninl3incc 
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apparently nematode free h r. · 
5 eep lor productIOn of subsequent source of infect.l\tC 

larvae for experimental in~ t" Th . 
ec Ion. e L3 used for the experimental infections was 

obtained through faecal c It 27~ u ure at for 7· 10 days, baennanizlion of the faeces 115 

stated above purificatio b d' . • n y se Imentation and recovery of the clean larvae. The 

larvae harvested were stored in tape water at +4 °C unti l use (M.AFF. 1979; Wood l'.1 

ai. , 1995). 

Annex 5: Preparation and Counting of Larval incoula 

• Freshly harvested larvae of 10 days old were used for experimental infection as 

recommended by Wood et al., 1995. The larval suspension was removed from 

refrigerator and its volume was measured, recorded and then transferred to a lightly 

stoppered flask and was vigorously shaken for several minutes to gel a homogenous 

suspenSIOn. 

• Then I 00~1 of the larval suspension was immediately withdrawn with a micropipette 

and transferred to a microscope slide. The drop was then spread out and covered with 

a 38 x 22nun cover slip. The slide was methodically searched under a microscope and 

the larvae counted. This shaking, sampling and counting was repeated five times and 

the final count was based on the mean count of these fi ve samples. 

• Then the number of viable L3 per milliliter was estab lished. Then the desired number 

ofL3, which was 4000 in the present study, in an inoculum volume of 15011 per animal 

was dispended into syringes that was labeled with the ear lag number of the recipient 

animal. 

• Then the inoculum was given orally and the syringe was rinsed with 15ml wate r and 

the washings administered (Wood et ai., 1995; MAFF, 1979). 

Annex 6: Modified McMaster Egg Counting Technique 

• c . . h d d broken up thoroughly in 42ml of tape waler. The mixture 3g of laeces IS welg e an 

is then poured through a fine mesh sieve of250~un aperture. 

• 
. h 11 t d agitated and filled into 15ml centrifuge tubes and The filtrate IS t en eo ec e , ' 

centrifuged at 2000rpm for 2 minutes. 
. d ff the sediment is agitated very we ll and replaced by 

The supernatant IS poure 0 , • 
saturated salt solution flotation fluid to the previous level . 
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• 

• 

• 

The suspension is then invencd s,·x . 
limes so as to have vCT)' good homogenous 

distribution orthe eggs in the mixture. 

Then using a Pasteur pipette the nu,·d 's 
removed '0 fill bo'" charnben of the 

McMaster slide w"lh " . 
I out interruption to aVOId the fOnn3tlon of bubbles 10 

compartment. After 5 minuets the eggs fl03t to the cover slides and LranSferred under 

the microscope and all the eggs in the rul ed areas of the McMaster are counted. 

The number of eggs in both chambers of the McMaster are counted and multiplied by 

50 for detennination of the total number of eggs per gram of faeces (cpg), 

;\lmex 7: The Egg Hatch Assay techinquc for Albendazole 

• 

• 

• 

Pretreatment samples were pooled for all lambs and Ogadcn isolalC Haemonchus eggs 

recovered using Magnesium sulphate as a flotation fluid. 

Faecal samples were soaked in clean tape water and sieved through 25, 150,60 Md 

25J.lm, the eggs being retained on the 25~m sieve. 

The egg suspension was then centrifuged at 3500 rpm for 10 minutes. Then 

supernatant was decanted and replaced by Magnesi um sulphate at 1:9 ratios and thcn 

centrifuged at 2500 rpm for 10 minutes. 

• Then Magnesium sulphate was removed from eggs with cxcess tape water. 50- 100 

eggs in 100 J.ll of water were incubated for 48 hours al 2300: in serial concentrations of 

albendazole dissolved in 1% DMSO. 

• The concentrations of Albendazo le ranges from 0·8.96~tglml. Lugol's iodine was 

used to stop further hatching and all eggs and larvae at each Albcnda70lc 

concentration counted as dead, embryonated or hatched to Lt. 

Annex 8: Egg recovery from faeces 

• 

• 

• 

Freshly collected faes in less than 2hrs was Ihal f:leccs mixed very well wilh Inpe 

water to have good mixed suspension of eggs in 1-2Iiucrs. 

Then a small amount of the faeca l suspens ion was pUI on the first top largest mesh 

sieve material that was arranged in order of mesh size. the smallest mesh sieve being 

at the hollom. 

Then washed with jet of pressurized water until the liquid passing through the 

smallest mesh sieve is clear and transparent. 
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• 

• 

• 

• 

• 

Then the material remain' th . . mg on e smallest sIeve size or 2S ~m Yo"aS collccted tn • 

small beaker. All the p ell ' . repar .accal Suspension was treated In the same fastuon to 
recover the remaining eggs. 

Then all the recovered egg . I " malena was kept at +4 until processmg to a\old 

embryonation of the eggs. 

Then after homogenizing the feacal material was ccntnfuged at 3500 rpm for 10 

minutes and the supernatant was discarded since eggs sediment. 

Then a solution of magnesium sulphate at 1.27 density v. as added In proponion 0(9: I 

faceeal sediment, mixed very well by glass rod and then centrifuged at 2500 rpm for 

10 minutes. 

Then to remove magnesium sulphate from eggs the supernatant was filtered by jet 

waler in 60~m sieve mesh size at the lOp and 25 ~tm sieve al the bottom and the egg 

suspension remaining on the 25~m sieve was collected. 

• Then the concentration of eggs in the suspension was determined by counting under a 

microscope and adjusted at SO-lOOeggs per l OO~1 of water and left for Ihr at +4 OC" 

until processing. 

• Known susceptible and resistant reference strains of parasites arc maintained to 

compare with the response of the test isolate. 

• Eggs from susceptible nematodes rarely hatch at concentrations of more than 

0.1 ~glml of thiabendazole (Whitelock, 1980). This concentration is oncn used as 'he 

discriminating dose (cutofTvalue) for determining whether a parasite is susceptib le or 

resistant to the benzimidazole group of anthehnintics. 

Annex 9: Preparation of different dilution seri es of the test anthelmintic solution 

• 

• 

In the first instance solution No I (mother solution) was prepared at concentration of 

1000 ~g Iml by dissolving 50 mg of albcndazole Grecce in 10mi OM 0 

(dimethylsulphoxied) solution and 40ml distilled water. 

Then solution No 2 at concentration of 480 ~lg/ml was prepared by mixing 24ml of 

mother solution (solution No I) with 26ml·distilled water. Also solution '03 was 

t· f 60IIglmi by mixing 3ml of mother solution (solution No I) 
prepared at concentra Ion 0 r 

. f d' ' 11 d All the solutions were shnked very we ll while mixing al with 47ml 0 Ish e water. 

least for 15 minutes. 
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• Then 56 small tubes of 1.8ml size were prepared and labeled. The control .. 

prepared in 5 replicates where as each of the 17 different dilution senes were prepared 

in 3 replicates. 

• Then 1 OO~I of the egg suspension was added 10 al1 the 56 tubes LIlCludtng the control 

where as 50~1 of albcndazolc Grecce solution was added to the tubes to 1·17 but not 

in the control. 

• Then all the tubes were incubated at 230( fo r 4 hrs after \\ hleh 1O)J1 of iodme \\ill 

added and kept at _20ot in deep rcfrigcrotor to stop further development of the eggs 

Then all the contents of each tube were examined under a microscope to count the 

number of eggs that were died. cmbryonalCd or hatched in 10 first larval stage. 

• Then the lethal death ( LD.so) of the anthelmintic under evaluation was detcmuned 

after correting the natural mortality in the control test tubes containing only dlstlled 

water and eggs. 
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Annex 10: The No of solution, volume of the differenl test solution. volume of dt511llcd 'Amtf 

and the concentration of each test tube are in the egg hatch assay mdle:!ted In the foUoVo tna 
table: 

Code No of 0 of Volume of Volume of Final Concentration 

solution used replicate solution taken distilled 11,0 of the lnthelmlOhe 

s in~l taken in ml 

Contra Distilled H2O 5 0 50.0000 0 

3 3 25~1 49.9975 0.01 

2 3 3 50 49.9500 0.02 

, 3 3 100 49.9000 o. 
J 

4 3 3 150 49. 560 0.06 

5 3 3 200 49. 000 0.08 

6 3 3 300 49.7000 0. 12 

7 3 3 400 49.6000 0.16 

3 3 600 49.4000 0.24 
8 

2 3 800 49.2000 0.32 
9 

3 150 49.8560 0.48 
10 2 

3 200 49.8000 0.64 
I I 2 

3 300 49.7000 0.96 
J2 2 

3 400 49.6000 1.2 
13 2 

600 49.4000 1.92 
14 2 3 

800 49.2000 2.56 
15 2 3 

1200 48.8000 3.84 
16 2 3 

1600 48.4000 5.12 
17 2 3 
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Annex 11 : Monthly Sex ratio of I' I .. 
-,aemoll C IllS speCIes In sheep and goalS. 

Host spp Worm Month 

sex 
Aug. Sep. Oct. ov. Dce. Jan. Feb. Mar A\ CT2ge 

M F 

Sheep Male 5100 3600 3400 3000 1000 2300 2200 2500 2 7.5 
(11=114) 

Female 10200 7300 6400 5200 1 00 41 00 3400 3600 5262.5 

M:F 0.5 0.5 0.5 0.6 0.5 0.6 0.6 0.7 0.5 
Goat 

(11=82) 
Male ND ND 1400 1700 3100 2500 2800 2600 2350.0 

Female ND 1\'0 3000 3600 5500 4100 300 4300 4050.0 

M:F ND ND 0.5 0.5 0.6 0.6 0.7 0.6 0.6 

Annex 12: Monthly Sex ratio of Taxei in sheep and goals. 

Species WOIm Month 

sex 
Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Average 

F 

Sheep Male 2500 1400 600 1400 100 900 1000 700 134.4 

(n=11 4) 
3200 1100 3500 300 1600 1700 1600 293.7 Female 5800 

M:F 0.4 0.4 0.5 0.4 OJ 0.6 0.6 0.4 0.5 

Goat Male ND ND 800 1300 2100 1900 2400 1700 2 3.3 

(n=82) 
2100 2500 4200 2900 2700 2500 469.4 

Female ND ND 

0.5 0.5 0.6 0.9 0.7 0.6 
M:F ND ND 0.4 
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Anne\ 13: Average value or 1<>rJ>homcInco or II*" utII'D'" •• 
basis 

Ammal Parameters Month 

Species measured AUK . ep 0cI o. Dec I .... feb 1M 
heep TL 4 6 4 2 4 412 4S'1 41 4 4 0 7 • .0 

Tll r 43.9 41 7 426 41 t, 427 .& 2 4 41 • 4 I 
Till 22 .1 23.9 22.7 21 1 2) ' 220 22 22.0 
OF '()2 .a.7 .a.3 -07 ·0 2 .0 ' .(), .() 

Goat TL 0 '0 4 4 4 4S01 " 7 4' 9 412 

Tll r 0 '0 429 416 41 0 410 422 41$ 

Til l 0 '0 21.0 21 6 21 1 21 S 21 I 21 
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9. CURRICULUM ITAE 

I). rune: Berslw Kurtl.S3 Eseta 

Address: Bedelle RelPorul Vetcnnaty IAbon.OI)' P 0 60, IS, Bo.JcIIoo,lllIli<'SIta 

_ (07) tS'()1 

'.Jationality: Elhiopl:Ul 

Date of binh: 26· Augu • 1972. 

2). Educa.tional llackground 

Year 

1976-1984 

19 5- 19 

1989-1994 

2003-2004 

Institution 

h.mbu Elementary . Il001 

hambu anger ICCOodor) 

Il001 

Add. Ababa mHntl)' 

FII(uhy of \ClenOM)' 

Medicine 

Addis Ababa Um\tr5lt) 

FII(uhy of \,ctennary 

Moo. me 

'J 

ltlOOr .... 
(crtl(SCatc E \ 

Dod'" of \' 

"'cd"IOC 

1S< .n In>plCoI Vct...-, 

Mcdl<.1lC (p.,..,tolol), 



3. Work Experience 

Ycar InsllluUon 

1993- 1994 Ea,. WolI<¥>.. c~<mrt< a...m. 

1995- 1996 

AgncuhulOl de;clopmau OIUQU 

Oromla Agneuhunllk>ciopmau 0 

lIIub.bor Zone Didd .... dl""'" 
• 

1996- 199 Oroml. Agneuhural dc><t"l'mcnt 0....... Dislnct \.dClrWt) ~CCbi", 

1998-2000 

Ili ubabor Zone Dldd .... dl>ln<. 

Oromi. AgncuhulOl de;clopmcn. IlUIQU IIhobabor I 

lIIub.bor Zonc on.! T ..... 
\,~iCOt) 0IIi 

_wi JIIVJ«I .:""":-'" 
IfIll1<kd bj \1 It GO) 

2000-2001 Oroml. Agneuhural de; ei"l'lIIen. BUr< u lIIu~.ho< 1«>1: ' CImIIOt) ~tioa 

IIlubabor Zone ' LOP cOOl\l, ..... 
200 1-2002 Orom.. Agneuhuntl de' <topmen. ImmllllOlos> R ...... b 00_ 

Burcau. Bedelle Region 1 VetmlUl)' 

Labor.lIory 

4). Language kill 

Oromifra···-·· lother language 

Amaharic-••••••.• Wnlmg Il11d peaking 

English ••••••••••.•• Wn ll ng and peaking 

5). Membership 

Member of the Ethiopian \ elennary ASIOCIAIlon 

6) Research Outpul 

a). Prcselll SlnlUs of Rabies In HhlOPl3 ( emm r Paper. I CWl) 

b). lI ydal ldlosls III 'd .emple. Prt\ .lcncc and CCQnoml( ,pur. InCt tOV I lfa11 ptpCf. 

1994) 

c). ommunuy bJ.><d TIC .. c &n<J Try m"," eon.rol b) 1/ In!> t<donol-.y on , 

dl51nels ofillub~bor l .one of ml~ dmllllilrall \ t rqlon Yo,lh t I ( ) 

7) han.erm Tra mlngs 

a) ertlficate III Tn"nll1l on communuy baaed TJtUe InLI TrypInDIOIDOUJ coacroI II) n 

.rap .echnology by Lthlol"" . ICI1CC and .cchnoloJl) C 

b) enlfi ... e on Tralm", on TIeU< Try~ b) T 

m 
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I the under SIgned. declare tlut 1M IMIIS II my onpw 
degree In any Um\er5l1y 
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This thesis has bttn 5ubmll1cd for the ctamlruli " ¥tIm my ppRI\&l u U .. 

Dr. Abebe IV. scnc(D\ I, \ \ • Auocllte pro ) 
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