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Abstract
The occurrence of trematodes among ruminants and their snail vectors is a major concern across various agro-
ecological regions of Ethiopia. Trematodes pose significant threats to animals, causing considerable economic 
losses and impacting public health. In this study, we have investigated 784 ruminant fecal samples, and 520 
abattoir samples, alongside the collection and identification of snail vectors from various agro-ecological regions. 
Fecal examinations revealed Fasciola, Paramphistomum and Schistosoma species infected 20.5% (95% CI: 17.6, 
23.8), 11.7% (95% CI: 9.6, 14.2), and 6.3% (95% CI: 4.1, 9.1) of the animals, respectively. The overall prevalence 
of trematodes among ruminants was 28.8% (95% CI: 25.7, 32.1%), with 6.0% (95% CI: 4.3, 7.7) showing mixed 
infections. Fasciola was more prevalent in Asela (26%) compared to Batu (19%) and Hawassa (11.5%), while a higher 
proportion of animals in Batu were infected with Paramphistomum. Schistosoma eggs were detected only in Batu 
(12.5%), but not in other areas. Sheep and cattle exhibited higher infection rates with Fasciola, Paramphistoma, 
and Schistosoma compared to goats. Significant associations were observed between trematode infections 
and risk factors including agro-ecology, animal species, body condition score, and deworming practices. About 
20.8% and 22.7% of the slaughtered animals harbored Fasciola and Paramphistomum flukes, respectively, with 
a higher prevalence in Asela and Hawassa abattoirs compared to Batu abattoir. Additionally, a total of 278 snails 
were collected from the study areas and identified as lymnae natalensis, lymnae trancatula, Biomphalaria pffiferi, 
Biomphlaria sudanica, and Bulinus globosus. In conclusion, the study highlights the widespread occurrence of 
trematode infections, emphasizing the need for feasible control measures to mitigate their economic and public 
health impacts.
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Introduction
The large population of ruminants in the country plays a 
vital role in the livelihoods, food security, and socio-eco-
nomic dynamics of rural communities [1]. Ruminants, 
such as cattle, sheep, and goats predominantly man-
aged under extensive grazing systems, are consistently 
exposed to parasitic infections throughout the year, ren-
dering them vulnerable to a heavy burden of disease [2] 
In particular, trematode infections among ruminants 
and their associated snail vectors are a major concern in 
various agro-ecological regions of Ethiopia. More impor-
tantly, Ethiopia’s diverse agro-ecological zones, ranging 
from highlands to lowlands, offer varied habitats for the 
survival and transmission of trematode parasites and 
their intermediate hosts, freshwater snails.

The epidemiology of trematode infections is influenced 
by various factors, including environmental conditions, 
host susceptibility, and the presence of intermediate 
hosts. Wide range of environmental factors (e.g. climate, 
altitude, rainfall patterns, water bodies), and agricultural 
activities thus affect the occurrence of trematode infec-
tions, leading to spatial and temporal variations in dis-
ease prevalence and distribution [3, 4]. Prevalence of 
trematode infection varies considerably by macro and 
microclimatic conditions that facilitate the survival and 
interactions with these intermediate hosts. Thus, snails 
play a crucial role in the occurrence and the geographic 
distribution of trematode species [5]. Hence, understand-
ing the distribution patterns and prevalence of major 
trematode infections in ruminants, as well as the diver-
sity of their vector species across various agro-ecolog-
ical zones, is so crucial for developing feasible control 
measures.

Trematodes, belonging to the Digenea subclass, con-
stitute a diverse group of parasites having capability to 
infect a wide range of invertebrate and vertebrate hosts. 
Consequently, they exhibit a complex life cycle usually 
involving multiple hosts including intermediate snail vec-
tors and final vertebrate hosts including human, mam-
mals, fish, and birds [3]. In the final host, they can affect 
various organs such as the digestive tract, lungs, liver, 
and vascular system. The infections can contribute sig-
nificantly to organ damage and production losses in the 
livestock in addition to posing risk to public health [4, 6].

Trematode infection is highly prevalent in livestock 
across tropical regions and is recognized as the most 
significant helminthic parasite affecting livestock pro-
duction, resulting in considerable economic losses [7, 
8]. In particular, fasciolosis caused by liver flukes of the 
genus Fasciola, in particular F. hepatica and F. gigantica, 
is characterized by hepatic damage reduced productivity, 
and mortality in severe cases [9, 10], and economic losses 
resulted from organ condemnation [11, 12]. Cwiklinski 
and colleagues [13] have estimated the global economic 

burdens associated with fasciola infection in ruminants 
to exceed USD 3  billion. Paramphistomosis predomi-
nantly affects the digestive tract by causing inflammation 
and damage to rumen mucosa, papillary body and villi 
atrophies, leading to digestive disturbances, decreased 
feed conversion and weight gain, besides condemna-
tion of the rumen [9]. The parasites have a broad range 
of final hosts, including both domestic and wild animals, 
and they exhibit a wide geographical distribution, with 
growing emergence observed in European countries [14]. 
Likewise, various Schistosoma species, including S. bovis, 
S. mattheei, and S. japonicum, have also the capability to 
infect ruminants, posing a dual threat to both animal and 
human health. Indeed, the occurrence of human Schisto-
soma species, such as S. haematobium, in cattle, as well 
as the existence of interspecies hybridization between S. 
bovis and S. haematobium, suggests the increasing pub-
lic health risks associated with animal schistosomiasis 
where animals may serve as reservoirs for human infec-
tions [15].

Human trematode infections typically occur through 
ingestion of contaminated water and food, or contact 
with intermediate hosts and being regarded as emerg-
ing public health threat [16]. Indeed, human-infecting 
trematodes encompass a diverse range of genera; approx-
imately 60 of them are recognized to cause disease in 
human [3]. They are classified based on their predilection 
site within the definitive hosts such as blood, liver, lung 
and intestinal flukes. Among these, Fasciola, Schisto-
soma, Opisthorchis, and Paragonimus species commonly 
infect people. Schistosoma in particular, is well known 
for causing schistosomiasis, a widespread disease impact-
ing millions of people worldwide [17]. Fasciolosis is also 
an emerging parasitic zoonosis that has been regarded 
as the most neglected tropical diseases, significantly 
affecting human health. Cases of human fascioliasis have 
been reported from 12 African countries [18], including 
Ethiopia [19–21]. World Health organization estimated 
about 2.4  million people are infected globally, and over 
180  million are at risk of infection in several countries, 
particularly where ruminants are extensively reared [22]. 
Schistosomiasis is indeed a neglected tropical disease, 
with an estimated 779 million people at risk of infection, 
and about 250 million currently infected, most of whom 
are Africans [17]. These parasites pose high health bur-
den, particularly to rural population with limited access 
to healthcare, leading to severe health complications, 
including organ damage, malnutrition and hindered cog-
nitive development in children.

While a number of studies have explored the preva-
lence of specific trematode species in different animal 
species in Ethiopia [14, 23], there has been a lack of 
research specifically focusing on major trematodes across 
all ruminant species in various agro-ecology. With the 
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exception of few studies [24–26] literature on the occur-
rence of major trematodes in bovines, small ruminants 
and associated snail vectors is limited. Thus, this study 
investigated the epidemiology of trematode infections in 
ruminants and characterized the associated snail vectors 
in selected agro-ecological zones in Ethiopia. By illus-
trating the prevalence, distribution and associated risk 
factors, this research provides evidence for necessary 
interventions aimed at minimizing the burden of these 
parasitic diseases on livestock and public health.

Materials and methods
Description of the study area
The study was conducted between November 2021 and 
April 2022 in three areas: Asela, Hawassa, and Batu, 

which represent different agro-ecologies (Fig.  1). Asela, 
situated in the central highlands of Ethiopia, has a lati-
tude and longitude of 7°57′N and 39°7′E, and an elevation 
of 2,430  m. The area exhibits a highland agro-ecology 
characterized by high average annual rainfall of 1200 mm, 
and an annual temperature range of 5  °C to 28  °C. Batu 
and Hawassa are located within the Great Rift Valley, 
which extends across East Africa. Both towns are situ-
ated on the shores Lake Hawassa and Lake Ziway (Batu), 
respectively. Hawassa is located at 38°29′E and 7°05′N, 
approximately 275 km south of Addis Ababa, with an ele-
vation of 1790 m above sea level. The agro-ecology of the 
Hawassa conform to a mid-altitude climate, character-
ized by an average annual rainfall of 960 mm and average 
annual minimum and maximum temperatures of 12  °C 

Fig. 1  Map of Ethiopia showing the study areas: Batu and Asela from Oromia region, and Hawassa from Sidama region. (adapted from Google map)
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and 28  °C, respectively. Batu town is found at 163  km 
south of Addis Ababa, with latitude of 38°43′E and a lon-
gitude of 7°56′N and an elevation of 1643  m above sea 
level. The area has an average annual rainfall of 930 mm 
and average minimum and maximum temperatures of 
10 °C and 30 °C, respectively, which may categorize it as 
a lowland agro-ecology. All three towns have municipal 
abattoirs dedicated to slaughtering animals and supply-
ing meat to the local residents. Various forms of livestock 
production, including semi-intensive and predominantly 
extensive production systems, are commonly practiced 
in the urban and peri-urban, and rural areas of these 
regions [27–29].

Sampling methods
We applied a simple random sampling method to select 
the study farms and animals for fecal examination. 
About 100 or more registered cattle herds (farms) are 
estimated to exist in urban settings of the areas. Addi-
tionally, a higher number of unregistered cattle herds 
or small ruminant flocks are anticipated to be herded in 
suburban areas [27–29]. Accordingly, lists of cattle herds 
(farm owners) were obtained from the agriculture offices 
of each town, from which farms were randomly selected 
for inclusion in the study. Subsequently, animals from 
the selected farms were sampled using a lottery system, 
with each animal having a 50% chance of being selected 
from a target herd until the required sample size reached. 
For unregistered herds or small ruminant flocks, owners 
of encountered animals were contacted to obtain their 
consent, following which their animals were sampled for 
fecal collections.

Similarly, for cattle slaughtered in each abattoir, a sys-
tematic random sampling approach was employed, con-
sidering an estimated number of approximately 20 to 
50 cattle slaughtered per day at each municipal abattoir. 
From a total of slaughtered animals per day, 10 animals 
were randomly selected for investigation [30]. Given the 
irregular and smaller numbers of sheep or goats slaugh-
tered at abattoirs, all small ruminants slaughtered were 
investigated for the presence of flukes.

Study settings
A cross-sectional study was undertaken involving three 
ruminant species of both sexes, sampled from designated 
study areas. The study population comprised domestic 
ruminants commonly found in these areas, including 
cattle, sheep, and goats, predominantly of local breeds. 
Approximately 29% of the cattle were cross-breeds, man-
aged semi-intensively. The animals were predominantly 
kept under extensive farming practices, freely grazing in 
fields. Small ruminants, such as sheep and goats, were 
mainly reared in urban areas with free-roaming practices 
and extensively in suburban regions. For postmortem 

examination aimed at detecting flukes, a cross-sectional 
study was implemented at municipal abattoirs found in 
the three towns. Additionally, snail collections and sub-
sequent identification were conducted in the study areas 
using identification keys.

Sample size determination
To estimate the sample size (n), we used the Cochran 
formula [31] for unknown population size but known 
expected proportion (p), considering a 95% confidence 
interval (Z) and a 5% desired precision (d):

	
n =

(p ∗ (1− p) ∗ (Z)2)
(d)2

The study areas were grouped into two populations: 
Hawassa and Batu in one population, while Asela was 
regarded as the second population due to its different 
agro-ecology and location. Hawassa and Batu were con-
sidered as one study population as both areas are situ-
ated in the Rift Valley region and are located along the 
shores of Rift Valley lakes, contributing to their similarity 
in some environmental and ecological features. We con-
sidered the overall trematode prevalence of 61% reported 
[25] from lowland area to estimate the number of ani-
mals (cattle) for fecal sampled from Hawassa and Batu 
which gives 366 animals. For Asela area, we estimated a 
total of 383 animals, considering the expected prevalence 
of 48% reported for the overall prevalence of fasciolosis 
in Bale highland areas with similar agro-ecology [32]. 
Similarly, a comparable number of slaughtered animals 
were considered for the abattoir postmortem inspec-
tion and detection of flukes. The intended sample size 
for fecal examination was adequately met, with 782 ani-
mals underwent coproscopic examination. Among these, 
400 samples were collected from Hawassa and Batu, and 
382 were obtained from Asela (with one sample lost dur-
ing processing). While a significant number of animals 
(n = 520) were subjected to postmortem inspection, this 
figure fell below the intended targets due to the predomi-
nate practices of backyard slaughtering among small 
ruminants.

Sample collection and processing
Before sample collections, each animal selected for study 
were identified by providing separate identification num-
ber which was used in both fecal examination and abat-
toir for postmortem examination. Age, sex, breed, body 
condition score were recorded upon ante mortem exami-
nation. Body condition score (BCS) is a qualitative mea-
sure, also on numerical scales of 1–5 based on its body 
fat reserves and muscle mass (by observations of the ribs, 
spine, hip and tail regions), to assess the health condition 
and nutritional status of the animals.
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In case of fecal examination, age, sex, breed, species, 
deworming history, origin were recorded. Fresh fecal 
samples were collected directly from the rectum of each 
animal using sterile rectal plastic glove. Each sample was 
carefully kept in air tight clean plastic container contain-
ing 10% formalin, and labeled with the animal’s identifi-
cation details. Various factors related to the animals were 
recorded during the sampling process. This included 
the body condition score, determined according to the 
method outlined [33]. Additionally, information such 
as the sex and age of the animal, determined by denta-
tion following protocols [34] respectively, were recorded. 
Other recorded factors included the breed of the animal, 
its deworming history and management system.

Coprological examination
Fecal samples were examined for the presence of trema-
tode eggs at the Veterinary Parasitology laboratories of 
Addis Ababa University and Hawassa University. Sam-
ples that were not immediately examined were stored in 
a refrigerator at a temperature of 4  °C to maintain their 
integrity. Upon examination, approximately 3  g of fecal 
sample was weighed and added to a beaker containing 
42 ml of 0.1% NaOH solution and thoroughly stirred. The 
suspension was then filtered through a sieve or strainer 
and allowed to stand for 5  min to allow the trematode 
eggs to settle at the bottom of the tube. The sedimen-
tation procedure is repeated until the fecal debris was 
adequately removed. Then sediment was recovered into 
a test tube and re-suspended in about 5 ml tap water, and 
a drop of methylene blue was added and allowed to stand 
for 5 min to stain the debris. Subsequently, all the materi-
als were transferred into a Petri dish and examined under 
low power objectives (10x and 40x magnification). Trem-
atode egg counts were performed by moving the Petri 
dish in such a way that every field was examined. Yellow-
ish brown color of Fasciola spp. eggs was used to differen-
tiate them from those of paramphistomum. Schistosoma 
species were identified by their oval egg shape, size and 
sites of terminal spines. Identification of trematode eggs 
was conducted based on established keys and descrip-
tions found in various literature sources [35–37].

Postmortem examination
Organs from animals slaughtered at municipal abattoirs 
were examined for the presence of flukes in their pre-
dilection sites. Each animal included in the study was 
assigned a unique identification number, and variables 
such as origin, breed, sex, age, and body condition scores 
were recorded during the ante-mortem examination. 
Subsequently, each selected animal underwent postmor-
tem inspection, with particular attention paid to organs 
where flukes typically localize, including the liver, lung, 
mesenteric vein, rumen, and reticulum. The presence 

of trematode parasites was determined through careful 
inspection, involving visualization, incision, palpation 
and further visual examination of the organs.

Snail species identification
Snails were collected using the gloved hand-pick-
ing method from representative water bodies, wet 
and marshy areas in the study areas (Asela, Batu and 
Hawassa). The mollusks were placed in plastic bags along 
with fresh water algaeand aerated water to maintain their 
habitat conditions. Then 70% ethylalcohol was added to 
preserve the specimens [38]. Subsequently, the samples 
were transported to the laboratory for identification. 
Identification keys, including parameters such as shell 
size, number of whorls, columella, shell shape, surface 
characteristics, colours and patterns were employed for 
this purpose [38, 39].

Data management and analysis
All data were entered into a Microsoft Excel spreadsheet, 
meticulously checked for any errors, then processed and 
analyzed using Stata version 14 (Stata Corp. College Sta-
tion, Texas, 77,845 USA). Independent variables includ-
ing sex, age, breed, species, body condition score and 
deworming history were analyzed for the association with 
trematode status on the basis of coprological and post-
mortem results. Summary statistics like frequency distri-
butions and percentages were employed to descriptively 
present the data. Trematode detections by coprologi-
cal and postmortem methods were compared using two 
proportions comparison test as indicator of diagnostic 
efficiency. Furthermore, firth logit model was performed 
to investigate the association between risk factors and 
the presence of trematode eggs in fecal samples, as well 
as the detection of flukes to accommodate zero observa-
tions. Data regarding the overall infections of the animals 
by the three trematode genera were generated by sum-
ming the infection status of each flukes. Then, multivari-
able negative binomial regression was applied to analyze 
factors associated with the overall trematode infections 
(count variable ranging from 0 to 3) using incidence risk 
ratio (IRR) to measure the strength of association.

Results
Prevalence of trematodes in ruminants
Out of the 784 ruminants subjected to fecal examination, 
20.5%, 11.7%, and 6.3% were found to be infected with 
Fasciola, Paramphistomum, and Schistosoma species, 
respectively. Overall, 226 out of the 784 ruminants inves-
tigated were found to be infected with trematodes, result-
ing in a global prevalence of 28.8%. Mixed infections 
involving two or all the three flukes were also observed 
in 6.0% of the animals. Fasciola exhibited a higher 
prevalence in Asela (26%) compared to Batu (19%) and 
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Hawassa (11.5%), while a higher proportion of animals 
in Batu were infected with Paramphistomum (17.5%) and 
Schistosoma (12.5) compared to other areas (Table  1). 
No Schistosoma eggs were detected during fecal exami-
nation in the Hawassa and Asela areas. Goats showed a 
lower prevalence of infection with Fasciola, Paramphis-
tomum, and Schistosoma compared to sheep and cattle.

An abattoir survey conducted on slaughtered animals 
(n = 520) revealed that 20.8% and 22.7% of the rumi-
nants were infected with Fasciola and Paramphistomum 
flukes respectively. These flukes were found to be more 
prevalent in animals slaughtered at Asela and Hawassa 

abattoirs compared to those from Batu (Table 2). Despite 
attempts to detect adult Schistosoma flukes from the 
intestine and mesenteric vein, no parasites were found in 
their respective predilection sites.

Table 3 presents a comparison of the detection of flukes 
using postmortem and fecal sample examination meth-
ods. While direct comparison between abattoir and fecal 
examinations is challenging given the differences in the 
animal assessed, it is noteworthy that the detection rates 
of Fasciola and Paramphistomum were higher by post-
mortem inspection compared to fecal sample examina-
tion in the Hawassa and Asela areas. In the contrary, in 
the Batu area, fecal examination resulted in higher detec-
tion rates of Fasciola and Paramphistomum compared 
to post-mortem examination. Consequently, there is no 
significant disparity between the two detection meth-
ods. It is important to consider that animals slaughtered 
at municipal abattoirs may originate from various areas 
with different agro-ecological conditions, potentially 
influencing the prevalence and distribution of trematode 
infections.

Risk factors associated with occurrence of trematodes 
based on fecal examination
Significant associations were observed between trema-
tode infections and various factors, including study 
location (agro-ecology), animal species, body condition 

Table 1  Prevalence of Trematodes in ruminants based on fecal examination
Variables Sample Fasciola Paramphistomum Schistosoma*

Positive % (95% CL) positive % (95% CL) positive % (95% CL)
Areas
Batu (LL) 200 38 19.0 (13.8, 25.1) 35 17.5 (12.5, 23.5) 25 12.5 (8.3, 17.9)
Hawassa (ML) 200 23 11.5 (7.4, 16.8) 21 10.5 (6.6, 15.6) 0 0
Asela (HL) 384 100 26.0 (20.7, 30.7) 36 9.4 (6.7, 12.7) 0 0
Ruminant
Goats 112 12 10.7 (5.7, 18.0) 4 3.6 (1.0, 8.9) 1 0.9 (0.0003, 6.2)
Sheep 220 54 24.5 (19.0, 30.8) 17 7.7 (4.6, 12.1) 8 11.0 (4.9, 20.0)
Cattle 452 95 21.0 (17.4, 25.1) 71 15.7 (12.5, 19.4) 16 6.7 (3.9, 10.6)
Total 784 161 20.5 (17.6, 23.8) 92 11.7 (9.6, 14.2) 25 6.3 (4.1, 9.1)
LL: lowland, ML: midland, HL, highland

Table 2  Prevalence of Fasciola and Paramphistomum in slaughtered animals
Variables Sample Fasciola Paramphstomum Mixed

Positive % Positive % positive %
Study area
Batu (LL) 292 33 11.3 45 15.4 12 4.1
Hawassa (ML) 108 20 18.5 41 38.0 11 10.2
Asela (HL) 120 55 45.8 32 26.7 13 10.8
Ruminants
Small ruminant 119 33 27.7 18 15.1 10 8.4
Cattle 401 75 18.7 100 24.9 26 6.5
Total 520 108 20.8 118 22.7 36 6.9
LL: lowland, ML: midland, HL, highland

Table 3  Comparison of Fasciola and Paramphistomum 
prevalence values from post-mortem inspection and fecal 
examinations
Location Post-mortem Fecal P-value
Fasciola
Batu (LL) 11.3% 19.0% 0.017
Hawassa (ML) 18.5% 11.5% 0.091
Asela (HL) 45.8% 26.0% 0.000
Total 20.8% 20.5% 0.896
Paramphistomum
Batu (LL) 15.4% 17.5% 0.535
Hawassa (ML) 38.0% 10.5% 0.000
Asela (HL) 26.7% 9.4% 0.000
Total 22.7% 11.7% 0.000
LL: lowland, ML: midland, HL, highland
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score, and deworming practices (Table  4). Sheep had a 
higher prevalence of Fasciola and Schistosoma, whereas 
Paramphistomum was more prevalent in cattle com-
pared to other ruminants. Animals with poor body con-
dition scores showed significantly higher prevalence of 
trematode infections compared to those in good con-
dition. Recent anthelmintic treatments were found to 
significantly reduce the prevalence of Fasciola and Schis-
tosoma, while semi-intensive management had a notable 
effect on the prevalence of Paramphistomum. Trema-
tode occurrence was more prevalent in local breeds and 

animals kept under extensive production systems. Addi-
tionally, Paramphistomum was found to be more preva-
lent in male and adult animals compared to female and 
you animals, respectively.

Ruminants in the Asela area were found to be more 
susceptible to Fasciola infections compared to those from 
other areas, while Paramphistomum and Schistosoma 
infections were higher in ruminants from the Batu area.

We applied multivariable negative binomial regression 
(Table 5) to analyze the factors affecting the overall infec-
tions by three trematodes. Our findings revealed the risk 
of infections had significant association with exposure 
variables, including the geographical area (agro-ecology), 
ruminant species, body condition score, and deworming 
practices.

Increase in altitude from lowland (Batu) to mid-
land (Hawassa) and highland (Asela) areas significantly 
decreased the risk of trematode infections in ruminants 
by factor of 0.47 and 0.74 times respectively. Moreover, 
sheep and cattle exhibited significantly higher rates of 
trematode infection, with incidence rate ratios (IRRs) 
2.2 and 2.5 times greater than that of goats, respectively. 
Animals with good body condition scores had a lower 
incidence risk ratio (IRR = 0.64) of trematode infec-
tions compared to those in poor condition. Additionally, 
implementing a semi-intensive production system and 
deworming practices significantly reduced the risk of 
infection by 0.63 and 0.56 times, respectively.

Table 4  Factors associated Trematode infections in ruminants based on fecal examination
Variables Levels Sample Fasciola (%) P-Value Paramphistomum (%) P-Value Schistosoma **(%) P-Value
Species Goats 112 10.7 3.6 1.1 0.035

Sheep 220 24.5 7.7 11.0
Cattle 452 21.0 0.012 15.7 0.000 6.7

Area Batu (LL) 200 19.0 17.5 12.5 0.000
Hawassa (ML) 200 11.5 10.5 0.0
Asela (HL) 384 26.0 0.000 9.4 0.012 na

Sex Female 359 20.1 8.9 4.7 0.362
Male 425 20.9 0.760 14.1 0.024 7.0

Age Young 320 18.1 6.9 7.1 0.534
Adult 464 22.2 0.165 15.1 0.000 5.6

BCS Poor 324 28.1 16.0 12.4
Good 460 15.2 0.000 8.7 0.002 3.3 0.000

Breed* Local 320 22.2 19.7 6.0 0.248
Cross-breed 132 18.2 0.324 6.1 0.000 13.3

Mgt* Extensive 368 21.5 17.7 6.0 0.248
Semi-intensive 84 19.0 0.632 7.1 0.017 13.3

Deworm No 684 21.6 12.1 7.0 0.081
Yes 100 13.0 0.045 9.0 0.363 0.0

* Mgt (Management) and breed data were mainly for cattle, **Schistosoma prevalence (n = 400) does not include Asela data, LL: lowland, ML: midland, HL, highland

Table 5  Factors associated with Trematode infections in 
ruminants
Variables Levels IRR P-value
Area Batu (lowland) Ref

Hawassa (midland) 0.47 0.000
Asela (highland) 0.74 0.045

Species Goats ref
Sheep 2.19 0.004
Cattle 2.53 0.000

Sex Female Ref
Male 1.20 0.159

Age Young Ref
Adult 1.28 0.061

Body condition score Poor Ref
Good 0.64 0.000

Management Extensive Ref
Semi-intensive 0.63 0.041
No Ref

Deworming Yes 0.56 0.012
_cons 0.23 0.000
IRR: incidence rate ratio
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Factors associated with trematode infections based on 
postmortem examination
The study findings demonstrated a significant associa-
tion between the occurrence of Fasciola and various fac-
tors including agro-ecology, body condition score, age, 
and species of animals (Table 6). Additionally, the study 
revealed that the occurrence of Paramphistomum was 
linked to the location, species, sex and age of the animals, 
with higher prevalence observed in the Hawassa area and 
in male and adult animals. Higher prevalence was also 
noted in cattle compared to small ruminants. But there 
was no observed association between body condition 
score and Paramphistomum infections. The presence of 
mixed infections by trematode species was observed to 
be associated with the body condition of ruminants (data 
not displayed).

Identification of snail vectors
Snail samples were collected from study areas (water 
body and surrounding wet surfaces of study areas) were 
found to belong to three genera. A total of 278 snails 
(116 from Asela, 89 from Batu and 73 from Hawassa) 
were identified based on identification keys described by 
researchers [39, 40]. Accordingly, the snails were identi-
fied to be lymnae natalensis, lymnae trancatula, Biom-
phalaria pffiferi, Biomphlaria sudanica and Bulinus 
globosus (Table 7).

Discussion
The present study investigated the prevalence of trema-
tode infections among ruminants and the diversity of 
snail vectors across lowland, mid-altitude and highland 
agro-ecological areas. The findings revealed an overall 
prevalence of ruminant trematodes, determined through 
coprological examination at 35.5%. This figure surpassed 
a previous finding from Wolaita [41], which reported 
a prevalence of 26.04%. However, the findings from the 
current research shows a lower prevalence compared to 
previous accounts where 47 − 61%, were reported from 
Bahir Dar, Andassa and northeastern of Amhara region 
[20, 25, 42]. The observed variations in the occurrence of 
trematode across the studies may be attributed to differ-
ences in study seasons, agro-ecological conditions across 
the study areas, animal management practices, and the 
availability of suitable habitat for the snail intermediate 
host [3, 4].

In this study, Fasciola (20.5%) showed the highest 
occurrence, followed by Paramphistomum (11.7%), with 
Schistosoma being the least prevalent (6.3%). A simi-
lar pattern of trematode occurrence was also noted in 
another study [41]. However, our findings contradict the 
observations of [24] and [25], where a higher prevalence 
of Paramphistomum compared to Fasciola and Schisto-
soma was reported. These two studies were conducted 
in lowland agro-ecology where suitable vectors for Par-
amphistomum are more abundant, potentially leading 
to an increased prevalence of rumen fluke. Generally, 
trematode prevalence varies considerably based on the 
abundance of intermediate hosts, as well as favourable 
ecological and climatic factors of the study areas. In our 
study, we considered different agro-ecological conditions, 
and Fasciola prevalence was notably high in the high-
land area of Asela, which may explain its relatively higher 
prevalence.

At species level, our study findings showed that Fas-
ciola was prevalent in 24.5%, 10.7% and 21% of sheep, 

Table 6  Factors affecting Fasciola and Paramphistomum occurrence in slaughtered animals
Variables Levels Sample Fasciola

(%)
P-Value Paramphistomum (%) P-Value

Species Small ruminant 119 27.7 15.1
Cattle 401 18.7 0.033 24.9 0.025

Location Batu (LL) 292 11.3 15.4
Hawassa (ML) 108 18.5 38.0
Asela (HL) 120 45.8 0.000 26.7 0.000

Sex Female 105 26.7 10.5
Male 415 19.3 0.095 25.8 0.001

Age Young 136 14.7 16.2
Adult 384 22.9 0.043 25.0 0.035

BCS Poor 91 40.7 27.5
Good 429 16.6 0.000 21.7 0.231

LL: lowland, ML: midland, HL, highland

Table 7  Snail species and their occurrence in the study areas
Snail species Proportion of Snail species (%) found in the 

study sites
Batu Hawassa Asela

Lymnae natalensis 12 (16.4) 16 (17.9)
Lymnae trancatula 8 (10.9) 12 (13.5) 116 (100)
Biomphalaria pfeifferi 11 (15.1) 13 (14.6)
Bulinus globosus 9 (12.3) 9 (10.1)
Biomphlaria sudanica 13 (17.8) 8 (8.9)
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goats, and cattle, respectively. The overall prevalence of 
ovine fasciolosis closely agreed with previous research 
conducted in various regions of Ethiopia, such as 29.2% 
in Butajira and Gilgel Gibe [21], albeit lower figures 
reported by others [43, 44] and [26]. Similar to a previous 
finding [21], our study indicated a low prevalence of cap-
rine fasciolosis in comparison with other ruminants. This 
could be attributed to the browsing behavior of goats, 
leading to less consumption of grass in marshy areas. 
Additionally, a disproportional sample size occurred 
due to fewer caprine species in our study population. 
The prevalence of Fasciolosis in Asela (26%) outweighed 
that in Batu (19%) and Hawassa (11.5%). Asela possesses 
shallow water bodies and wet areas that provide favor-
able conditions for the survival and reproduction of the 
intermediate host, Lymnaea truncatula. Known for its 
amphibious nature, this snail species thrives in such envi-
ronments, thereby contributing to the higher prevalence 
of fasciola in the area.

The prevalence of Paramphistomum in the cur-
rent study was 11.7%. Notably, a higher prevalence was 
observed in cattle (15.7%), followed by sheep (7.7%) and 
goats (3.6%). This is similar to previous studies reported 
by [24, 45, 46], which also reported bovine Paramphis-
tomum as being more common. Interestingly, Batu had 
a high prevalence of Paramphistomum infection (17.5%) 
compared to Asela and Hawassa study areas. The ecologi-
cal characteristics of the area such as lowland and pres-
ence of lake may have contributed to this heightened 
occurrence of paramphistomes. The presence of Batu 
(Ziway) Lake in this vicinity could provide a suitable 
habitat for the survival of the intermediate host, aquatic 
snails. Paramphistomes uses diverse range of freshwater 
snail vectors, including Bulinus, Biomphalaria, Cerato-
phallus spp., and play a role in the transmission of trema-
todes [47].

The overall prevalence of Schistosoma in our study 
(6.3%) was found to be lower than that previously 
reported by [25, 48–51], and [52]. In terms of its suit-
able agro-ecology, a significant proportion of the study 
animals, approximately 12.5% (95% CI: 8.3–17.9%), were 
found to have Schistosoma infections in the Batu area, 
which is characterized by lowland area. Lack of Schis-
tosoma detection in the Asela area is in line with our 
expectations; but, the result from Hawassa is contrary 
to what we anticipated. Several factors may account for 
the observed variations across the studies, including dif-
ferences in study areas, climatic and ecological variations 
among study sites, and variations in animal husbandry 
practices. Additionally, Schistosoma eggs were not 
detected in Asela and Hawassa, which affect the overall 
prevalence. In contrast to previous reports by [50, 51], 
no significant differences were found between the preva-
lence of ovine (3.6%) and bovine (3.5%). The prevalence 

of Schistosoma species in our study showed no signifi-
cant difference between ovine (3.6%) and bovine (3.5%) 
infections, which contrasts with the findings of some 
earlier studies [50]. As grazing animals, both sheep and 
cattle are likely to have similar exposure and susceptibil-
ity to trematode infections if the prevailing Schistosoma 
species is not so species-specific.

Out of a total of 520 animals slaughtered and under-
went examination for trematodes, 108 and 118 of them 
were infected by Fasciola and Paramphistomum, result-
ing in prevalence of 20.5%, 22.7%, respectively. The 
relatively high occurrence of paramphistomum could 
be partly attributed to the limited availability of effec-
tive drugs for its treatment. Common anthelmintic (e.g. 
Albendazole), used for regular deworming against sig-
nificant nematodes and liver flukes in Ethiopia have little 
to no effect on paramphistomes [53]. The biology of the 
parasite and the highly prolific nature of the intermediate 
host could also contribute to increased prevalence of the 
parasite [35].

In contrast to what was anticipated and reported in 
previous studies [52, 54–56], our abattoir survey found 
no evidence of schistosoma prevalence in our research. 
This could be related to the use of less sensitive diagnos-
tic methods, such as visual inspection of veins, and varia-
tions in the geographic origins of the study animals, that 
include regions where Schistosoma is not prevalent.

In the present study, the prevalence of fasciola showed 
higher infection rates in Asela (45.8%) compared to 
Hawassa (18.5%) and Batu (11.3%), indicating distinct 
agro-ecological trends. This increased occurrence of fas-
ciola along the altitude gradient suggests increasing alti-
tude creates suitable conditions favoring its intermediate 
host. In highland agro-ecologies, where there is typically 
cooler temperatures and higher rainfall, fasciolosis due 
to F. hepatica tends to be more prevalent among rumi-
nant populations [57]. The highland environmental con-
ditions, characterized by abundant moisture and suitable 
temperatures, create optimal habitats for the intermedi-
ate hosts of Fasciola hepatica, primarily freshwater snails 
Lymnae truncatula which were also abundant in Asela 
area. Indeed, these snails exhibit amphibious nature, 
often found in diverse aquatic habitats. They inhabit 
shallow water bodies, such as ponds, streams, and slow-
moving rivers, as well as terrestrial ecology such as 
muddy substrates [58]. forecasted the varying degrees 
of F. hepatica risk across the country, particularly in wet 
and humid areas. Their projections suggest that the cen-
tral highlands, such as Asela, will experience the highest 
occurrence of F. hepatica during the major rainy season 
(July to September), which provide favorable conditions 
for snail proliferation and the consequent transmission of 
the parasite to grazing animals.
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In our post-mortem examination, a higher prevalence 
of paramphistomum was observed in bovine (24.9%) 
than small ruminants (15.1%), which agrees with the 
prevalence reported in previous studies. Paramphis-
tomum prevalence figures vary widely across different 
regions of Ethiopia, as documented by various research-
ers [14]. For instance [46], reported prevalence of 40.1% 
in cattle, 28.9% in sheep, and 16.5% in goats from Bish-
oftu area. Similarly [45], found prevalence of 65.3% in 
cattle and 23.7% in sheep from Ashenge area of Tigray 
region. Occurrences of paramphistomum among rumi-
nants have been observed in various parts of the country, 
with approximately 45.83% prevalence in western Gojam, 
28.6% in Bishoftu, and 6.7% in Hawassa areas. Notably, 
higher prevalence figures are often observed in cattle 
compared to small ruminants [14]. Cattle graze closer 
to water bodies and on flat landscape besides being less 
selective and bite larger volume compared to sheep and 
goats [54]. As a result, they are more likely to consume 
vegetation and water contaminated with larvae, which 
increases their exposure to trematode infections [59, 60]. 
Cattle also possess a larger rumen capacity in compari-
son to small ruminants, enabling them to ingest larger 
volumes of contaminated forage, which likely increase 
the likelihood of ingesting infective larvae.

Our study identified a significant association between 
the prevalence of trematodes and the age of animals, 
both in fecal examination and in the abattoir survey. 
Similar findings were reported by other authors including 
[41, 46, 61, 62], and [63]. As animals age, their likelihood 
of exposure to fasciola and paramphistomum larvae 
increases due to prolonged grazing exposure and higher 
intake of forage compared to young animals.

Furthermore, the coprological examination demon-
strated that the prevalence of Fasciola was higher in 
non-dewormed animals and lower in the dewormed ani-
mals. This underscores the effectiveness of deworming 
in reducing parasite burden in ruminants and minimiz-
ing pasture contamination [64]. Conversely, this study 
revealed an association between prevalence of Fasciolo-
sis and body condition. Consistent with other findings 
[65] and [66], prevalence of fasciolosis was higher in 
poorly conditioned animals compared to those in good 
body condition. This suggests that there is a positive co-
relation between animals with poor body condition and 
parasite infection. The possible predisposing factors may 
include malnutrition or other health issues, which makes 
them more susceptible to infections caused by parasites.

In our current investigation, we collected specimens 
from the study areas and snails belonging to three gen-
era were identified, a result consistent with a previous 
study [67]. In contrast to the findings from another study 
by [68], our study areas exhibited a higher abundance of 
Lymnaea spp, followed by Biomphalaria spp and Bulinus 

spp. Lymnaea, a freshwater snail, serves as the interme-
diate host for Fasciola. Therefore, the observed higher 
prevalence of Fasciola infections in our study may be 
attributed to the large population of Lymnaeid snails 
in the study area. Conversely, our study revealed that 
the distribution of Biomphalaria and Bulinus species is 
restricted to Batu and Hawassa. This finding aligns with 
two previous studies [69]and [70], which suggest that the 
aquatic habitat and ecology of the Ethiopian Rift Valley 
favor these snail vectors.

Conclusion
We carried out a comprehensive investigation, analyz-
ing 784 ruminant fecal samples and 520 abattoir samples 
alongside collection and identification of snail vectors. 
Considerable proportions of ruminants were infected 
with Fasciola, Paramphistomum, and Schistosoma spe-
cies. Fasciola was notably more prevalent in Asela com-
pared to Batu and Hawassa. Similarly, Paramphistomum 
showed a higher prevalence in animals from Batu, while 
Schistosoma eggs were exclusively found in Batu, char-
acterized by a lowland agro-ecology. Significant asso-
ciations were noted between trematode infections and 
various risk factors, including agro-ecology, animal 
species, body condition score, and deworming prac-
tices. Moreover, sheep and cattle exhibited significantly 
higher risk of trematode infection, with incidence rate 
ratios (IRRs) 2.2 and 2.5 times more compared to goats, 
respectively. Furthermore, the identification of snail vec-
tor species provided valuable insights into the distribu-
tion of potential intermediate hosts and the epidemiology 
of trematodes infecting livestock. Overall, our findings 
emphasize the need for effective control measures to mit-
igate the impact of trematode infestations on both veteri-
nary and public health in Ethiopia.
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