
Introduction

Fasciolosis, caused by trematode parasites of the
genus Fasciola, is an economically important dis-
ease of cattle, sheep and goats, and limits produc-
tivity of animals in tropical and subtropical
countries. The two important species: Fasciola he-
patica and Fasciola gigantica are transmitted by
snails of the family Lymnaesidae, and the infection
is acquired through grazing on swampy pasture
(Urquhart et al., 1996). Acute fasciolosis often re-
mains undetected in cattle and develops to the
chronic form which makes them less resistant to
other liver infections, while in sheep, acute fasci-
olosis most often results in sudden death without

other apparent clinical abnormality (Radostits et al,
2007). 

In Africa, fasciolosis is a serious problem in the
humid and sub humid zones (Ogunrinade and
Ogunrinade, 1980). There is no vaccine against the
disease, and hence chemotherapy is the only viable
control method available to date, Triclabendazole
being the drug most commonly used due to its ef-
fectiveness against both mature and immature
forms of the parasite (Brennan et al., 2007). Epi-
demiological studies conducted in the central high-
lands of Ethiopia showed the significance and wide
distribution of the infection (Scott and Goll, 1977;
Erich, 1983; Lemma et al., 1985; Njau et al., 1989).
Bergeon (1968) found that the rate of infection was
90 % in Shoa and Gojjam provinces, while
Gemechu and Mamo (1979) reported an overall
prevalence of 63 % in cattle at different regions of
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Abstract

The design of strategic deworming programs is one of the control options for fasciolosis, and needs to be supported by local
epidemiology knowledge. To address this issue in Southwest Ethiopia, a study using tracer calf and crossectional study meth-
ods was made at an endemic area for the disease during 2006–2007. Coprology and necropsy examinations were used to
collect information. Results showed that both Fasciola hepatica and Fasciola gigantica were abundant in the area with
almost equal prevalence rates, and infections of animals occur during the wet season from May to October. The mean number
of flukes recovered in the positive tracer calves ranged from 3.0 to 42.5 per animal, and the maximum worm count observed
in an individual animal was 66 flukes. The overall prevalence of Fasciolosis in the extensively managed local breeds of
cattle, yearling calves, sheep and goats was 74.8%, 55.3%, 35%, and 27.1%, respectively. A significant difference was ob-
served in the prevalence of fasciolosis among cattle, yearling calves and sheep population, while no difference was observed
among the goat populations of the five provinces. Based on the regional epidemiology of the disease, a twice yearly strategic
deworming program has been devised to control the infection in the region.
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the country and estimated the economic loss due to
deceased productivity alone to roughly 350 million
ETH birr (140 million USD) per annum. The eco-
nomic significance of the disease was also reported
from different abattoirs in the country: Fufa et al
(2009) reported an average loss of 4000 USD per
annum at Soddo municipal abattoir, Rahmeto et al.
(2010) reported an annual loss of 8312.5 USD at
Hawassa Municipal abattoir and Nega et al. (2012)
reported a loss of 2,566 USD per annum at Gondar
ELFORA abattoir.

The South-Western region of Ethiopia is more
humid and encompasses vast areas of swampy
grazing fields which are conducive for the survival
and development of the parasite. However, the in-
fection rate in this area is not known since no pre-
vious study has been conducted. Therefore the
current study was intended to assess the seasonal
occurrence of fasciolosis in Southwest Ethiopia,
determine the magnitude and spatial distribution of
fasciolosis in ruminant species managed under ex-
tensive farming system and design strategic treat-
ment programmes for the control of the disease in
the area.

Materials and methods

Study area

The seasonal transmission study was conducted at
Abdella village located at a distance of 500 km
Southwest of Addis Ababa on the road to Gambela
town. The site lies at a latitude of 08 0 21 ’ 96 ’’
North and longitude of 036 0 14 ’ 31 ’’ East, and at
an altitude of 1940 m. The area receives an average
annual rainfall of 1965 mm and the mean maxi-
mum and minimum monthly temperatures are 26oC
and 12.7oC, respectively. The crossectional study
was made in five  western provinces of Oromia Re-
gional State, namely, west shoa, east wolleg, west
wollega, Illubabour and Jimma provinces, found in
Southwest  Ethiopia.  

Study Animals

Forty four yearling calves were used as tracer ani-
mals to assess seasonal transmission of fasciolosis
over a period of two years. The calves were pur-
chased from a fasciola-free area and were quaran-
tined for one month under cercaria-free conditions
during which they were dewormed twice with tri-

clabendazole, on days 1 and 20 of quarantine. At
the end of the quarantine period the calves were ex-
amined coproscopically, and only those calves
found free of helminth ovas were used for the
study. Preventive and curative measures against
prevalent infectious diseases, ectoparasites and
other disease conditions were made during this and
the rest of the study period. The study population
for the survey on fasciolosis was large and small
ruminant populations found in 226 peasant Asso-
ciations (PAs) of 24 districts in the five western
provinces of Oromia regional State. 

The tracer animal method

The tracer animal method was used to determine
the seasonal infectivity of animals by fasciola par-
asites. A batch of tracers consisting 3-4 calves was
released to pasture at a bimonthly schedule and re-
mained on pasture for two months. The calves were
then moved to a concrete floor house to stay for
three months under cercaria free conditions and fi-
nally slaughtered for post-mortem examinations.
Two calves, designated as control animals to mon-
itor the cercariae-free status of the concrete floor
house, were introduced with the first batch of trac-
ers and remained until the end of the study period
and were slaughtered three months following
necropsy of the last batch of tracer calves. 

Cross-sectional study 

Cross-sectional study design was used for the study
on fasciolosis. The sample units were selected ran-
domly at each study PA using the systematic sam-
pling method and the numbers of selected units
were proportional to the study population at each
PA. Accordingly, a total 11,920 cattle, 3940 year-
ling calves, 2237 sheep and 958 goats were se-
lected as the sample units for faecal sampling. 

Necropsy 

During necropsy examination, the liver and the gall
bladder were removed; the gall bladder was then
separated from the liver, emptied and washed in to
a glass trough and the contents of the trough were
checked for adult fasciola parasites. The bile ducts
were opened and searched for adult and juvenile
flukes and the liver was cut in to 1 cm thick slices
and pressed between the fingers to expose flukes
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lodged in small bile ducts, and the number of heads
recovered in this way were counted. 

Faecal sampling and laboratory examination

Faecal specimens from the tracer calves were col-
lected and examined at weekly intervals throughout
the study period, while the specimens from field
animals were collected on a single occasion. All
specimens were collected directly from the rectum
using sterile gloves, transferred to universal bottles
containing 10% formalin, and examined for ovas
of fasciola using the sedimentation method as de-
scribed by Hansen and Perry (1994).

Meteorological data

Meteorological data of the study site (Abdella vil-
lage) was obtained from Jimma and Beddele
branch offices of the Ethiopian meteorological
service agency.

Data analysis

All collected data were entered into a Microsoft
Excel spreadsheet and analyzed by the SPSS 11.5
for Windows. Prevalence of Fasciolosis was calcu-
lated as the number of parasitological positive an-
imals divided by the total number of animals
investigated at that particular time The student’s t
test and one-way ANOVA were used to compare
the mean values in the tracer calves, .while the gen-
eral linear model (GLM) Univariate Analysis of
Variance was used to compare the prevalence of
fasciolosis. The association between Fasciola in-
fections and mean monthly rainfall was estimated
by the Pearson's correlation coefficient and P-value
< 0.05 was considered for significance. The sensi-
tivity and specificity of the sedimentation method
was assessed taking necropsy examination as a
gold standard for the diagnosis of fasciolosis. The
Kappa statistics was used to estimate the degree of
agreement between the two methods and values
were interpreted as described by Thrusfield (1995). 

Results

Seasonal transmission of fasciolosis was assessed
using the tracer calf method at a known endemic
site of the disease, Abdella village, in Southwest
Ethiopia for a period of two years. All faecal sam-

ples collected from the tracer calves during their
stay on pasture and up to the second month of their
stay on the concrete floor house, as well as samples
collected from the control calves that stayed on the
concrete floor house throughout the study period
were negative for ovas of fasciola. Of the 42 tracer
calves used in the study, 26 harboured a total of 474
adult fasciola parasites with a range of 3-66 para-
sites per calf. Immature flukes were not detected in
this study. Of the 12 tracer batches, seven of them
that stayed on pasture during March to October har-
bored a mean number of 3-42.5 flukes per batch,
the highest mean count (42.5) was observed during
July-August. The batches of calves that stayed on
pasture during November–February were free of
flukes (Table 1). Inconsistency of infection was no-
ticed between the same months of the two study
years, flukes were detected during April-March of
the first year but not in the second year. 

The t-test analysis further indicates that there
was a statistically significant difference in the mean
number of flukes recovered between the two study
years. The differences were particularly significant
during the core fluke infection months of may–
June and July-August. It was observed that the
mean number of flukes recovered during may-June
of the first study year, 24, was significantly higher
(p=0.014, 95 % CL= 4.10-23.23) than that of, 10.3,
in the second year. In the same manner, the mean
number of flukes recovered during July-August of
the first year, 42.5, was significantly higher
(p=0.026, 95 % CL= 5.391-56.276) than that of
11.7 in the second study year (Table 2).  Although
there were some differences in the mean numbers
of flukes acquired during the rest months of the two
years the differences were not statistically signifi-
cant. 

Two species of fasciola, Fasciola gigantica and
Fasciola hepatica, were encountered with a per-
centage infection of 42.6% (202/474) and 57.4%
(272/474), respectively, and mixed infections were
observed in 10 (23.8%) of the 26 positive tracer an-
imals. Although F. hepatica was the principal
species encountered in this study there was no sta-
tistically significant difference observed in infec-
tion rate between the two species (F=0.253;
P=0.994). Results of the study showed that nearly
all fasciola infections occur during the wet season
(May-October), although few were detected at the
end of the dry season (March-April). Rainfall data
for the region showed that the rainfall of the area
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Table 1. Flukes Recovered from the tracer calves at Abdella study area, southwest Ethiopia

Table 2. Comparisons of the mean no of flukes recovered from the two batches of tracer calves that stayed on
Pasture during the same months of the study years  

CI= confidence interval
LB= Lower Bound
UB= Upper Bound
Mon on Pasture = months passed on Pasture

a = flukes were not recovered from tracer calves       
Diff= difference

Table 3.  Prevalence of fasciolosis in adult cattle and yearling calves in the Five Provinces of Oromia regional
state, Southwest Ethiopia 

Pos. = Number of positive animals
Neg. = Number of negative animals
Prev. % = prevalence in percent



is a unimodal type, having six wet and six dry
months, with a wet season from May to October. A
significant positive linear correlation (r=0.726;
P=0.000) was obtained between fasciola infections
in the tracer calves and the monthly rainfall distri-
bution in the area (Fig. 1). Nineteen of the 26 trac-
ers that were positive by necropsy examinations
were found positive by coprology indicating a
73.1% sensitivity of the sedimentation test used in
the study. Furthermore, the kappa statistics re-
vealed a substantial agreement between the
necropsy and coprology examinations employed
(k=0.674; P=0.000). 

All of the PAs surveyed for fasciolosis were
found to be infected with liver flukes,  showing an
overall prevalence of 74.8%, 55.3%, 35%, and
27.1% in adult cattle, yearling calves, sheep and
goats, respectively. Among the livestock species,
cattle showed the highest prevalence and goats the
least prevalence (Table 3 and 4). The highest and
lowest prevalence of bovine fasciolosis, 85.9% and
57.8%, were found in Illubabour and west wollega
provinces, respectively, and a significant difference
(P=0.000) was observed in the prevalence of
bovine fasciolosis among the five provinces (Table
5). Further analysis through pairwise comparisons
of the prevalence across provinces showed that the
prevalence in Illubabour zone is significantly dif-
ferent from east wollega (P=0.006), west wollega
(P=0.000) and Jimma (P=0.000) but not different
from that of west shoa (P=0.497). There was no sta-
tistically significant difference in prevalence of
bovine fasciolosis among west wollega, east wol-
lega and Jimma provinces. The highest and lowest
prevalence of ovine fasciolosis, 44.5% and 21.3%,

were obtained in Illubabour and west Wollega
provinces, respectively and the difference in preva-
lence across the five provinces was statistically sig-
nificant (P=0.007). The prevalence of fasciolosis
in yearling calves was also significant (P=0.018)
however no statistically significant difference
(P=0.327) was observed in the prevalence of
caprine fasciolosis among the five surveyed
provinces (Table 5).

Discussion

The present study at Abdella study area showed
that fasciola infections occur during the rainy
months of the year from May to October in South-
west Ethiopia. This result differs slightly from the
findings of Scott and Goll (1977) and Njau et al.
(1989) which indicated August-December and
July-January, respectively, as the period of high
fasciola infections in the central highlands of
Ethiopia. Studies carried out at Debre Birhan (cen-
tral Ethiopia) indicated October-November as the
period of maximum infectivity of sheep (Erich,
1983; Lemma et al., 1985). The main factor for the
occurrence of earlier infections in May in this study
at Abdella area might be the relatively higher
amount of annual rainfall, 1900mm, falling during
the sole rainy season (May-October), as compared
to the central highland region possessing a short
(February-March) and long (July-September) rainy
seasons with a mean annual rainfall of 700 mm
(Njau et al., 1989). Yilma and Malone (1998) pre-
dicted high cercariae-shedding in the humid west-
ern region of Ethiopia during May to October,
which is in agreement with the findings of the pres-
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Fig.1. Relationship of rainfall and Fasciola infection in the tracer calves at Abdella study area, Southwest Ethiopia



ent study. Mulualem (1998) noted high fasciola in-
fections of cattle during May-December in the
north-western region which is in harmony with the
findings of the present study, although, no infection
was observed during November and December in
the present study. Lemma et al. (1985) and Erich
(1983) emphasized that fasciolosis may be caused
by aestivating snails remaining after the long rains
which become active again in the small rains of
February and March. While the rains during these
months are insignificant in the south western re-
gion, aestivating snails at some swampy spots
might be the causes of infections observed during
March and April in the current study. 

Due to the ever-growing human population and
high demand for grain production, the entire arable
land In the south-western region  is usually culti-
vated and covered with crops during the rainy sea-
son (May-December), leaving only the swampy
fields for livestock grazing. Consequently, gather-
ing of cattle in the swampy pasture coincides with
the period of high cercarial shedding in the area
leading to massive ingestion of metacercaria and
subsequent development of the parasite to its adult
stage during September–February. Fasciolosis oc-
curring during this period could be the main source
of pasture contamination and the subsequent infec-
tion of snails in the following season. 

In contrast to the studies in the central highlands
of Ethiopia which reported F. hepatica as the only
species responsible for fasciolosis, both F.gigantica
and F. hepatica were encountered in this study, re-
vealing the suitability of the climate in the area for
both species. Graber (1978) stated that mixed in-
fections by both species may occur in areas where
the ecology is favourable for replication of the snail
intermediate hosts. The greatest risk for both
species occurs in areas of extended high annual
rainfall associated with high soil moisture and sur-
plus water (Malone et al., 1998). Abattoir survey
studies at different parts of the country signify the
existence of both species of fasciola (Tolosa and
Tigre, 2007; Jibat et al., 2008; Fufa et al., 2009;
Gebretsadik et al., 2009). Furthermore, the present
study showed the dominance of F. hepatica over F.
gigantica which is in agreement with reports of
previous studies in Ethiopia (Tolosa and Tigre,
2007; Mulugeta et al., 2011; Nega et al., 2012), but
differ from a report in Southern Ethiopia (Fufa et
al., 2009) and other African countries (Wamae et
al., 1998; Phiri et al., 2005; Mungube et al., 2006)
which indicated the dominance of F. gigantica. The
risk of F. gigantica is present in the western, south-
ern and north-central regions of Ethiopia at alti-
tudes of 1440-2560 m and the greatest risk is in the
humid western region (Yilma and Malone, 1998). 
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Table 4. Prevalence of fasciolosis in small ruminant species in the five Provinces of Oromia regional state, South-
west Ethiopia 

Pos. = Number of positive animals
Neg. = Number of negative animals
Prev. % = prevalence in percent 

Table 5. Mean Prevalence of fasciolosis in the five Provinces of Oromia regional state, Southwest Ethiopia 



The descending sequence in the overall prevalence
of Fasciolosis in adult cattle, sheep and goats found
in this study is in agreement with the findings of a
study at Debrezeit with a prevalence of 39.8%,
28.7% and 13.9%, (Yemisrach and Mekonnen,
2012) and with the findings of a study in India
which reported a Prevalence of 10.8, , 2.8 and 2.4
percent in cattle, sheep and goats, respectively.
(Rajat et al., 2009). The reason for the higher
prevalence in adult cattle as compared to small ru-
minants could be attributed to the difference in the
grazing behaviour of the two species and the dif-
ference in management of animals during the rainy
season, where calves and small ruminants are kept
around homesteads and adult cattle are pastured in
swampy areas. The prevalence of ovine Fasciolo-
sis, 35%, obtained in this study was much lower
than the 70.2% report in Menz Lalo Midir district
of Ethiopia (Chanie and Begashaw, 2012) which
could be due to the plane topography and existence
of more water lodged marshy pasture in Menz Lalo
as compared to the current study area. The preva-
lence of bovine fasciolosis obtained in this study
fall within the range of earlier prevalence reports
(11% - 87%) in Ethiopia (Malone et al., 1998).  The
sensitivity of the sedimentation method used in this
study, 73.9%, was higher than the 67.13%, 66.7%
and 69% reports by Rahmeto et al. (2010); Ander-
son et al.( 1999) and Rapsch et al. (2006), respec-
tively, which could be due to repeated
examinations made in the present study as com-
pared to the single sample examinations by the pre-
vious workers. Based on the regional epidemiology
of the disease the following strategic deworming
program was devised and recommended to control
the infection in animals.

Two treatments of animals with products effec-
tive against young flukes (e.g. triclabendazole) in
July and October, to eliminate the migratory juve-
nile flukes in the liver of animals before they cause
serious liver damage.

Deworming of animals with products effective
against adult flukes during the dry season of the
year, January–February, to destroy adult parasites
dwelling in the liver, and thereby to reduce pasture
contamination by Ova of the parasite.

Acknowledgements 

The Authors are grateful to the Ethiopian agricul-
tural research organization and Beddele regional

veterinary laboratory for providing the required
budget and logistics. The technical assistance of the
staffs of Beddele regional veterinary laboratory is
highly acknowledged. We are thankful to Dr Rob
Skilton for reviewing the manuscript. 

References

Anderson, N., Luong, T.T., Vo, N.G., Bui, K.L., Smooker,
P.M., 1999. The sensitivity and specificity of two
methods for detecting Fasciola infections in cattle. Vet-
erinary Parasitology 83, 15-24.

Bergeon, P., 1968. Report to the Government of Ethiopia on
a veterinary Parasitology survey,Rome, FAO. pp 7.

Brennan, G.P., Fairweather, I., Trudgett, A., Hoey, E.,
McCoy, McConville, M., Meaney, M., Robinson, M.,
McFerran, N., Ryan, L., Lanusse, C., Mottier, L., Al-
varez, L., Solana, H., Virkel, G., Brophy, P.M., 2007.
Understanding triclabendazole resistance. Experimen-
tal. Molecular Pathology 82, 104-109.

Chanie, M., Begashaw, S., 2012. Assessment of the Eco-
nomic Impact and Prevalence of Ovine Fasciolosis in
Menz Lalo Midir District, Northeast Ethiopia. Veteri-
nary World 5(5), 261-264. 

Erich, J., 1983. Investigation on fascioliasis in the Ethiopian
highlands around Debre Berhan. Thesis, Master of Sci-
ence, Leiden University.

Fufa, A., Loma, A., Bekele, M., Alemayehu, R., 2009. Bovine
Fasciolosis: Coprological, Abattoir survey and its eco-
nomic impact due to liver condemnation at Soddo mu-
nicipal abattoir, Southern Ethiopia. Tropical Animal
Health and Production 42(2), 289-292.

Gebretsadik, B., Kassahun, B., Gebrehiwot, T., 2009. Preva-
lence and economic significance of fasciolosis in cattle
in Mekelle Area of Ethiopia. Tropical Animal Health
and Production 41(7), 1503-1504. 

Gemechu, B., Mamo, E., 1979. A preliminary survey of
bovine fascioliasis in Ethiopia. Ethiopian Journal of
Agricultural Science 1(1), 5-12. 

Graber, M., 1978. Helminths and helminthiasis of domestic
and wild animals in Ethiopia. Revue Elev. Med. Vet.
Pays Trop. 1, 13-95.

Hansen, J., Perry, B., 1994. The epidemiology, diagnosis and
control of helminth parasites of ruminants: A Hand-
book. Rome, Italy: Animal production and health di-
vision, FAO.

Jibat, T., Ejeta, G., Asfaw, Y., Wudie, A., 2008. Causes of
abattoir condemnation in apparently healthy slaugh-
tered sheep and goats at HELMEX abattoir, Debre
Zeit, Ethiopia. Revue Médicine Véterinary 159 (5),
305-311.

Lemma, B., Gebreab, F., Tedla, S., 1985. Studies on fascio-
liasis in four selected sites in Ethiopia. Veterinary Par-
asitology 18, 29-37.

Malone, J.B., Gommes, R., Hansen J., Yilma J.M., Slingen-
berg J., Snijders F., Nachet, O.F., Ataman E., 1998. A
Geographic Information System on the potential Dis-
tribution and abundance of Fasciola hepatica and F.
gigantica in East Africa based on food and agriculture
organization databases. Veterinary Parasitology 78,

133

Manyazewal A. Zeleke et al. /Journal of Advanced Veterinary Research 3 (2013) 127-134



87-101.
Mulualem, E., 1998. Epidemiology of bovine fasciolosis in

weredas of South Gonder administrative Zone border-
ing Lake Tana. Ethiopian Veterinary Journal 2, 1-14.

Mulugeta, S., Begna, F., Tsegaye, E., 2011. Prevalence of
Bovine Fasciolosis and its Economic Significane in
and Around Assela, Ethiopia. Global Journal of Med-
ical Research 11 (3), 1-7.

Mungube, E.O., Bauni, S.M., Tenhagen, B.A., Wamae, L.W.,
Nginyi, J.M., Mugambi, J.M., 2006. The prevalence
and economic significance of Fasciola gigantica and
Stilesia hepatica in slaughtered animals in the semiarid
coastal Kenya. Tropical Animal Health and Production
38, 475-483.

Nega, M., Bogale, B., Chanie, M., Melaku, A., Fentahun, T.,
2012. Comparison of Coprological and Postmoretem
Examinations Techniques for the Deterimination of
Prevalence and Economic Significance of Bovine Fas-
ciolosis. Journal of Advanced Veterinary Research 2,
18-23

Njau, B.C., Kasali, O.B., Scholtens, R.G., Akalework, N.,
1989. The influence of watering practices on the trans-
mission of Fasciola among sheep in the Ethiopian
Highlands. Veterinary Research Communication 13
(1), 67-74.

Ogunrinade, A., Ogunrinade, B., 1980. Economic importance
of bovine fasciolosis in Nigeria. Animal Health and
Production 12(3), 155-159.

Phiri, A.M., Phiri, I.K., Sikasunge, C.S., Monrad, J., 2005.
Prevalence of fasciolosis in Zambian Cattle Observed
at Selected Abattoirs with emphasis on age, sex and
origin. Journal of Veterinary Medicine 52, 414-416.

Radostits, O.M., Gay, C.C., Hinchliff, K.W., Constable, P.D.,
2007. Veterinary Medicine, A text book of the diseases
of cattle, horses, sheep, pigs and goats, 10th ed. Lon-
don, Saunders Elsevier, pp. 1576-1580.

Rahmeto, A., Fufa, A., Mulugeta, B., Solomon, M., Bekele,
M., Alemayehu R., 2010. Fasciolosis: Prevalence, fi-
nancial losses due to liver condemnation and evalua-
tion of a simple sedimentation diagnostic technique in
cattle slaughtered at Hawassa Municipal abattoir,
southern Ethiopia. Ethiopian Veterinary Journal 14(1),
39-51.

Rajat Garg, C.L., Yadav, R.R., Kumar, P.S., Banerjee, S.V.,
Rajesh G., 2009. The epidemiology of fasciolosis in
ruminants in different geo-climatic regions of north
India. Tropical Animal Health and Production 41(8),
1695-1700.

Rapsch, C., Schweizer, G., Grimm, F., Kohler, L., Bauer, C.,
Deplazes, P., Braun, U., Torgerson, P.R., 2006. Esti-
mating the true prevalence of Fasciola hepatica in cat-
tle slaughtered in Switzerland in the absence of an
absolute diagnostic test. International Journal for Par-
asitology 36, 1153–1156.

Scott, J.M., Goll, P.H., 1977. The Epidemiology and An-
thelmintic control of ovine fasciolosis in the Ethiopian
central highlands. British Veterinary Journal 133 (3),
273-280.

Thrusfield, M., 1995.Veterinary epidemiology, 2nd ed. Ox-
ford, Blackwell Science Ltd., pp. 180-188.

Tolosa, T., Tigre, W., 2007. The Prevalence and Economic
Significance of Bovine Fasciolosis at Jimma Abattoir,
Ethiopia. The Internet Journal of Veterinary Medicine
3 (2) 1-7.

Urquhart, G.M., Armour, J., Duncan, J.L., Dunn, A.M., Jen-
nings, F.W., 1996. Veterinary Parasitology 2nd ed. Ox-
ford, Longman Scientific and technical press, pp.
100-109. 

Wamae, L.W., Hammond, J.A., Harrison, L.J.S., Onynago-
Abuje, J.A., 1998. Comparison of production losses
caused by chronic Fasciola gigantica infection in
yearling Friesian and Boran cattle. Tropical Animal
Health and Production 30, 23-30.

Yemisrach, A., Mekonnen, A., 2012. An Abattoir Study on
the Prevalence of Fasciolosis in Cattle, Sheep and
Goats in Debre Zeit Town, Ethiopia. Global Veteri-
naria 8 (3), 308-314.

Yilma, J.M., Malone, J.B., 1998. A geographic information
system forecast model for strategic control of fasciolo-
sis in Ethiopia. Veterinary Parasitology 78(2), 103-
127. 

134

Manyazewal A. Zeleke et al. /Journal of Advanced Veterinary Research 3 (2013) 127-134


