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ABSTRACT 

Trematode infections are a significant cause of disease and economic losses worldwide. 

However, limited research has been conducted in the South and Southeastern zones of Tigray, 

Ethiopia, regarding the local epidemiology, transmission dynamics, and management strategies. 

To address this gap, a cross-sectional study was conducted from December 2023 to December 

2024 to investigate the prevalence of trematode infections in cattle and sheep and the spatial 

distribution of freshwater snails in these areas. Simple random sampling was used to select study 

animals, and descriptive statistics were computed using STATA version 16. In total, 1536 fecal 

samples (768 from cattle and 768 from sheep) were examined, alongside snail collection. 

Additionally, 13 laboratory-bred mice were exposed en masse to Schistosoma cercariae for 

confirmation of transmission. The study revealed that the majority (60.29%, 463/768) of cattle 

and 53.5% (411/768) of sheep had either single or multiple trematode infections. Among cattle, 

19.01% were testing positive for fasciolosis, while 20.7% exhibited mixed infections of Fasciola 

and Paramphistomum species. In sheep, 21.74% were positive for fasciolosis and 18.23% for 

mixed infections. The South zone had the highest prevalence in both cattle and sheep. 

Furthermore, most of the positive rates were exhibited in adult cattle with poor body condition 

scores while in adult sheep with medium body condition scores. Logistic regression showed a 

significant association between zone and bovine fasciolosis (OR = 1.76; P = 0.000), but no 

significant association for ovine fasciolosis. A total of 1269 snails were collected, identified as 

Biomphalaria pfeifferi, Bulinus truncatus, and Lymnaea natalensis. Intermediate hosts for 

schistosomiasis collected during the survey were found to be shedding Schistosoma cercariae. 

Furthermore, en masse cercariae-exposed laboratory-bred mice confirm the active transmission 

of schistosomiasis in the study area. The study highlights the trematode infections and the 

heterogeneous distribution of snails in the study area are a significant health concern for cattle 

and sheep, underlining the need for targeted control measures to mitigate the public health and 

economic impacts in the region. 

 Key words: Cattle, Coprological, Sheep. Snail, Tigray, Trematode,  
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1. INTRODUCTION 

1.1. Background 

Ethiopia's landscape is remarkably diverse with a wide range of climatic conditions and agro 

ecological zones that support a vast animal population (Zhongming et al., 2013). Because it 

provides draft power for agricultural production, sources of income, and products including milk, 

meat, hides, skins, and other animal products, this diversity provides an important part in the 

livelihoods of a significant portion of the community. With 70 million cattle, 42.9 million sheep, 

52.5 million goats, 13.3 million donkeys, 8 million camels, and 56.9 million poultry, Ethiopia 

currently holds the most populated position in Africa regarding livestock concentrations. There 

are 4.9 million cattle, 2 million sheep, and 4.8 million goats within the Tigray region (CSA, 

2020/21). 

Ethiopia has a significant population of livestock, however several kinds of obstacles maintain 

the country from fully using these resources: water scarcity, poor livestock extension services, 

incorrect data, inadequate knowledge on the performance of animals and marketing, frequent 

droughts, animal disease outbreaks, a shortage of infrastructure, a don't have of skilled labor, 

nutritional deficiencies, poor husbandry practices, and inadequate disease control efforts. When 

Ethiopia is to maximize potential livestock resources, these problems must be addressed with 

concentrated (Bayou and Geda, 2018). 

Gastrointestinal parasites pose a wide spread challenge in livestock and agriculture, causing 

significant economic losses. This issue is particularly severe in Africa, including Ethiopia, due to 

diverse environmental conditions supporting, a wide variety of parasite species and hosts. The 

prevalence and impact of these parasites are notable reducing animal productivity, growth, feed 

efficiency, increasing mortality and morbidity in livestock herds. Multiple factors contribute to 

this problem, such as diverse agro ecological zones, suboptimal farm management practices, 

inadequate deworming programs, limited access to effective anthelmintic treatments and 

Environmental conditions also play a crucial role in parasite transmission and survival (Namutosi 

et al., 2019). 

Trematodes are divided into two primary subclasses: Monogenea and Digenia. The main 

difference lies in their life cycle; Monogenea flukes have a direct life cycle, whereas Digenia 

flukes need an intermediate host to complete their life cycle. The two main subclasses for 

trematodes are Digenia and Monogenea. Their life cycles differ mainly due to the fact Digenia 
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flukes required an intermediary host in order to complete their life cycle, whereas Monogenea 

flukes have a direct life cycle. The trematode families Schistosomatidae, Paramphistomatidae, 

and Fasciolidae are among those of important veterinary significance. Livestock and other 

domesticated animals are among the many animal hosts infected by these families of parasitic 

flatworms (Urquhart et al., 2003). Throughout the beginning of time, humans and animals have 

been infested by snail-borne trematodes (SBT), which frequently results in negative 

consequences.  Yasin et al., 2018). 

Trematodes of veterinary significance can be divided into two primary groups depending on their 

life cycle and host interactions: Monogenean trematodes which are ectoparasites residing on the 

external surfaces of fish, follow a direct life cycle. They can quickly spread diseases within 

aquaculture environments through direct transmission between fish hosts. On the other hand, 

Digenean trematodes are endoparasites found within the bodies of vertebrate hosts. Their life 

cycle is indirect or complex, involving an intermediate snail host (Jacobs, 2015). 

Digenean flatworms are several different genera of parasites that can infect a wide range of 

invertebrates and vertebrates, including humans. These parasites may survive in the liver, lungs, 

intestines, and vascular system, between other organs, in their vertebrate hosts. Within the cattle 

the industry, the diseases caused on by these digenea parasites produce major financial losses. 

The health of afflicted human populations can also be negatively impacted through these parasite 

diseases (Walz et al., 2015). Diseases caused by (SBT) including Paramphistomosis, fasciolosis, 

and schistosomiasis, present major obstacles to profitable livestock farming in various regions 

globally, particularly in humid tropical and subtropical areas (Yassin et al., 2018).  

1.2. Statement of the problem 

Trematode infections have a negative impact on both human and animal health, which causes 

major issues for rural communities. These diseases cause morbidity, mortality, reduced animal 

production, and large economic losses, all of which have an adverse effect on the livelihoods of 

affected rural communities. The lack of previously conducted coprological study in the area 

despite their significant effect presents a lot of knowledge gaps on the local epidemiology, 

transmission dynamics, and possible management strategies. The creation of evidence-based 

strategies for minimizing the burden of these diseases has been hampered because the absence of 
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study. To address this significant problem and identify solutions, this study aims to investigate 

trematode infections in the community in depth in order to solve this serious issue and provide. 

1.3. Significance of the study 

This research on the zonal prevalence of trematode infections in cattle and sheep, and 

distribution of freshwater snails have significant implications for public health, livestock health, 

and socioeconomic development. Trematode infections, such those caused by Fasciola, 

Paramphistomum and Schistosoma are a major source of decreased in animal productivity. These 

infections result in poor weight gain, lower milk output, and economic losses because of medical 

costs and mortality (Fikru et al., 2006). This study helps in identifying the most vulnerable 

livestock groups and provides vital information for focused control measures like deworming 

and enhanced parasite management strategies by determining the prevalence and associated risk 

factors, such as geographic location, age, sex, and body condition score. 

Mapping their spatial distribution helps identify high-risk transmission areas, guide control 

measures like habitat alteration and snail management programs, and increase knowledge of how 

diseases spread. With zoonotic trematodes like Fasciola and Schistosoma that can infect humans 

through contaminated food or water, these results are also relevant to public health, underlining 

the significance of integrated "One Health" approaches that address the health of humans, 

animals, and the environment. The study also highlights the need for better water resource 

management and grazing techniques in snail-prone areas, while giving evidence-based data to 

farmers, and veterinarians to create disease preventive and control strategies that succeed. In 

addition, this research advances scientific understanding by providing data on the distribution of 

freshwater snails which serves as intermediate hosts. 

1.4. Objective 

1.4.1. General objective 

The main aim is to examine the prevalence of trematode infections and associated factors, as 

well as the spatial distribution of freshwater snails in the South and Southeastern zones of 

Tigray, Ethiopia. 

1.4.2. Specific objectives 

 Determine the prevalence of trematode infections in cattle in the study area. 
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 Determine the prevalence of trematode infections in sheep in the study area. 

 Identify potential factors associated with trematode infection.  

 Identify the genus/ species/ of freshwater snails present in the study area. 
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2. LITERATURE REVIEW 

2.1. Etiology 

The two main liver fluke species responsible for causing the parasitic disease fasciolosis are 

Fasciola gigantica and Fasciola hepatica (Mushtaq, 2011). Fasciola hepatica often referred to 

as the common liver fluke is typically found in temperate regions. Whereas Fasciola gigantica is 

generally found in tropical and subtropical areas primarily infects livestock like sheep and cattle 

but humans can also be affected. (Ayele and Hiko, 2016). Similarly, Paramphistomosis is a 

disease caused by flukes from the genus Paramphistomum, involves various species (Lotfy et al., 

2010). 

Schistosomiasis is caused by the genus Schistosoma. The key species that impact sheep and 

cattle are found in Africa S. bovis, S. mattheei and S. leiperi among the many species within this 

genus (Bont, 1995). S. bovis is the most critical Schistosoma species affecting animals residing 

in the portal and mesenteric veins of cattle and sheep (Kifle et al., 2022). Likewise, there are 

more than 16 identified species of Schistosoma that may potentially infect humans. However 

only five cause significant morbidity, namely S. mansoni, S. haematobium, S. japonicum, S. 

mekongi and S. intercalatum (Okpala et al., 2004). 

2.2. Life Cycles and Mode of Transmission of Trematode infections 

The life cycles of Fasciola and Paramphistomum are comparable. In their last hosts, usually 

sheep and cattle, adult Fasciola and Paramphistomum worms live in the bile and rumen ducts. 

The eggs laid by these adult trematodes are released into the intestines and eventually eliminated 

in the last host's feces. Upon arriving at freshwater sources, the eggs in the feces hatch into a 

larval stage known as miracidium. Following infection, the miracidium develops inside the 

intermediate host via a number of stages, including sporocyst, rediae, and cercariae. Following 

separation from the snail, the cercariae enter marshy environments where they change into 

metacercariae and attach to aquatic or semi-aquatic plants in the vicinity. Upon ingestion by the 

final host (cattle or sheep), the metacercariae infect them. Once inside the final host the young 

flukes migrate through the body eventually reaching the bile ducts, where they mature and 

produce eggs (MasComa et al., 2009). On the other hand the Schistosoma parasite undergoes a 

complex life cycle involving various stages and hosts. Firstly, mature worms reside within the 

blood vessels of the intestines or liver of cattle and sheep. Female worms produce eggs, which 
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are expelled through the hosts' feces. Upon hatching, the eggs release miracidium larvae. These 

larvae infect specific freshwater snails, where they reproduce asexually to generate cercariae 

larvae. Once released into the water, cercariae penetrate the skin of final hosts, such as cattle or 

sheep, upon contact with contaminated water. They migrate through the host's body eventually 

reaching the intestines or liver blood vessels, where they mature into adult worms completing the 

cycle (Thétiot-Laurent, 2013). 

Trematodes are spread through intermediate host snails, which are crucial for their transmission. 

Freshwater or amphibious snail performance as vital components in the trematodes' life cycle 

(Habtamu et al., 2013). Trematode parasites like those causing schistosomiasis and fascioliasis, 

can infect humans and animals in two main ways skin penetration infective larval forms such as 

Schistosoma cercariae can penetrate the intact skin of hosts when they come into contact with 

contaminated water and ingestion of encysted stages some trematodes form encysted larval 

stages called metacercariae, which attach to water vegetation or other surfaces. When hosts 

ingest these encysted stages usually by drinking contaminated water or eating undercooked 

aquatic plants the parasites can infect them (Lindbergh et al., 2006). 

Fasciola gigantica spreads through the intermediate snail host Lymnaea natalensis, while 

Fasciola hepatica is transmitted via L. truncatula. The regions at highest risk for infections from 

parasites are those with extended periods of heavy annual rainfall, high soil moisture content, 

and sufficient water availability. Conversely areas with shorter wet seasons and lower 

temperatures experience reduced risk (Soulsby, 1982). Paramphistomosis presents a significant 

risk of infection in low-lying grasslands with slow water flow, rice cultivation zones, flood-prone 

areas, and regions featuring lakes and marshes (Rolfe et al., 1991). 

Schistosomiasis can also occur in large permanent water bodies such as marshy ponds, pastures, 

and lakes. The abundance of intermediate hosts and their ability to survive in the environment 

are key factors in the spread of the infection. Water contamination with Schistosoma eggs 

happens when eggs hatch near water sources during drinking or if manure is used as fish feed in 

ponds. Cattle can become infected through skin penetration or ingestion. The type of watering 

facilities used for domestic livestock also plays a significant role in maintaining and transmitting 

the infection (Pruss et al., 2004). In Ethiopia, there is a variety of aquatic habitats, including 

small streams in the highlands, major lakes, and irrigation canal systems. This diversity of 
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suitable water bodies allows snail intermediate hosts to flourish thus maintaining the 

transmission of schistosomiasis (Shibru et al., 1989). 

2.3. Morphology of the Parasites 

The adult Fasciola (liver flukes) have a flat, leaf-shaped body with a wider front end that 

includes a cone-shaped protrusion and large shoulders pointing sideways. Their outer surface or 

tegument is covered with small spines that point backward. These spines along with the fluke's 

suckers serve as a mechanism for attachment helping the parasite cling to and protect itself 

within the host's bile duct environment (Sures, 2004). Whereas, the eggs of Fasciola are a 

fertilized ovum surrounded by a protein-based shell containing vitelline cells. These eggs are 

equipped with a distinctive yellow-colored lid and house immature miracidium within. 

Particularly, differentiating between the eggs of Fasciola gigantica and Fasciola hepatica poses a 

challenge as they lack visible visual distinctions under microscopic examination. (MasComa et 

al., 2009). Paramphistomum species are small trematodes, commonly known as flukes that 

parasitize the fore stomachs (reticulum and rumen) of ruminants such as sheep and cattle. Adult 

Paramphistomum flukes are typically small, usually less than 10 mm in length, they have a 

conical or pear-like shape, with a more pointed front end and exhibit a reddish or pinkish color, 

which is more noticeable when fresh due to their blood-feeding nature (Toolan et al., 2015). 

Their eggs are pure-shelled, barrel-shaped, gray in color, and contain mature miracidium with an 

operculum at one end (Lotfy et al., 2010). 

Adult Schistosoma flukes have basic ventral and oral suckers. The males are shorter and more 

robust than the females, who reside folded within a longitudinal groove in the male's body 

known as the gynecophoral canal or schist. (Radek, 2001). Schistosoma eggs have unique 

morphological characteristics. They are larger, elongated oval, thin and spindle-shaped and have 

a lateral or terminal spine at both ends. These eggs do not have an operculum, are dark brown in 

color, and contain fully developed miracidium (Urquhart et al., 2003).  

2.4. Epidemiology of Trematode infections 

The stability of trematode epidemiology is influenced by various factors including the presence 

and infection rates of snail intermediate hosts, pasture contamination, climate suitability for egg 

hatching and larval development, frequency of interactions between hosts and their environment, 

climatic, and ecological conditions. Elements such as altitude, temperature, rainfall patterns, and 
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livestock management practices in a particular area contribute to the generally environment 

conducive to trematode transmission ((Materu et al., 2024). 

The spread of snail intermediate hosts primarily occurs due to various factors. The Lymnaea 

genus among land snails and the Planorbis genus among water snails have a global distribution. 

Bulinus species, important intermediate hosts for various Schistosoma species, are found in 

regions such as central, eastern, and western Africa, the Mediterranean area, and the Middle 

East. They include S. bovis, S. mattheei, S. intercalatum, and S. japonicum, infecting humans 

and causing schistosomiasis in ruminants and other hosts. S. nasalis is found in the nasal mucosa 

veins of livestock in the Indian subcontinent. The incidence of bovine trematodes has risen due 

to global climate changes (Fairweather, 2011). 

The spread of Fasciola fluke species in Ethiopia is heavily influenced by altitude.  Fasciola 

gigantica is more prevalent below 1200 meters, Fasciola hepatica is primarily found above 1800 

meters. About three-quarters of Ethiopia is covered by Fasciola hepatica, with the exception of 

the desert northeastern and eastern regions, while Fasciola gigantica is primarily found in the 

western humid zone, constituting roughly one-quarter of the country. These differences in 

distribution are due to variations in climatic and ecological factors such as temperature, rainfall, 

and livestock management practices (Hotessa and Kanko, 2020). Similarly, Paramphistomum, 

the parasite known as the rumen fluke, can be found all over the world, but its highest prevalence 

rates are observed in subtropical and tropical regions (Rolfe et al., 1994). 

Schistosomiasis is mainly concentrated in subtropical and tropical regions worldwide, where 

warm and humid climates foster its significant endemic presence, impacting domestic livestock 

production. Different species of the Schistosoma species infect different type of livestock. Cattle 

and sheep are affected by S. bovis, horses, cattle, goats, and Indian buffalo are affected by S. 

indicum, sheep are primarily infected by S. mattheei, particularly in South Africa, pigs and goats 

are primarily infected by S. suis, humans and other mammals are infected by S. japonicum in 

Asia, and elephants, horses, and ruminants are infected by S. margrebowiei in Africa (Merawe et 

al., 2014 In Ethiopia, schistosomiasis is common, especially in the central, eastern, northern, and 

southern western parts of the country (Habtamu and Woldemariam, 2011). Additionally, the two 

major Schistosomes species pathogenic to humans in Africa are Schistosoma haematobium and 

S. mansoni, which causes urinary and intestinal schistosomiasis, respectively (Gryseels et al., 

2006). 

http://rstb.royalsocietypublishing.org/content/364/1530/2763.full#ref-44
http://rstb.royalsocietypublishing.org/content/364/1530/2763.full#ref-44
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2.5. Pathogenesis 

The progression of Fasciola infection within a definitive host comprises two distinct phases: the 

migratory (parenchymal) phase and the biliary phase (Mushtaq, 2011). In the migratory phase, 

immature flukes enclosed in cysts penetrate the intestinal wall and travel from the abdominal 

cavity to the liver. F. hepatica shows a predilection for liver tissues (Kaya et al., 2007). The 

intestinal wall, lungs, diaphragm, subcutaneous tissue, and kidneys are also potential locations 

where fluke infestation can occur (MasComa et al., 2009). The migratory process of flukes 

inflicts physical harm on tissues, causing inflammation along their path. This is followed by the 

biliary phase, where the parasites invade the liver's bile ducts, leading to further development 

and egg laying. Consequently, the affected tissues suffer from enlargement of the biliary ducts 

and blockage of their passages due to fluke-induced injury. Although adult flukes themselves are 

relatively benign, they instigate significant damage to the liver tissue, resulting in symptoms like 

bleeding, discoloration, swelling, increased cell growth, scarring, and cell death (Urquhart et al., 

2003: Taylor, 2007). 

Paramphistomum infection, also known as Paramphistomosis, primarily affects the intestines 

during its harmful phase. The immature larvae of Paramphistomum species attach to and feed on 

the lining of the duodenum (upper part of small intestine), causing substantial damage. This 

activity results in several severe pathological changes, especially in cases of heavy infection 

edema, bleeding and ulceration (Dube and Aisien, 2010). 

Schistosomiasis stands out among helminth infections in two significant ways. Firstly, the main 

cause of the disease's development is the eggs of the fluke, rather than the larval or adult stages, 

which is more common in other helminth infections. Secondly, much of the disease's impact on 

the body is influenced by the host's immune responses, particularly delayed-type granulomatous 

and hypersensitivity reactions, instead of being mainly driven by the parasitic stages themselves. 

Infections by Schistosoma are typically divided into three stages: acute, migratory, and chronic. 

The migratory stage occurs when cercariae move from the skin into the bloodstream. While this 

phase often shows no symptoms, in some individuals, it can lead to temporary dermatitis 

("swimmer's itch"), and in rare instances, pneumonitis and lung injuries (Oliveira et al., 2004). 

The egg that reach maturity Schistosoma produce having a capability to enter the blood stream 

by their host and produce to different tissues where they release toxic substances and enzymes 
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that directly affect those tissues. The extremely high pathogenicity of Schistosomiasis is 

primarily due to the systemic involvement of adult worm eggs. (Coutinho et al., 2007). 

Inflammatory reactions and granuloma formation ensue around deposited eggs, potentially 

causing fibrosis and scarring of affected tissues (Cheever et al., 2000). There are two routes 

where Schistosoma eggs can migrate: either to the liver or to the intestine near the adult worms. 

In cases of intestinal schistosomiasis, granulomatous inflammation surrounds eggs in the 

intestine causes ulceration and scarring. The severe pathology of Schistosomiasis is caused by of 

both the intestinal and hepatic pathways of egg migration. (Friedman et al., 2007).  

2.6. Clinical Sign of Trematode infections 

In cases of fasciolosis, the severity of clinical symptoms is associated with the level of 

metacercariae exposure. Winter infections in dairy cows result in decreased milk quantity and 

quality, particularly affecting solids-not-fat content Sheep and cattle. The primary hosts display 

various clinical manifestations depending on the amount of metacercariae ingested (Radostits et 

al., 2007: Mushtaq, 2011). The different clinical forms of fasciolosis are as follows including 

Acute Type one fasciolosis occurs when animals consume more than 5000 metacercariae, they 

get acute type one fasciolosis, which causes sudden deaths without symptoms. Jaundice, 

ascites, mucous membrane coloration, bleeding in the abdomen, and weakness are possible 

symptoms. (Radostits et al., 2007: Kaya et al., 2007). Secondly, Acute Type two fasciolosis 

Animals that consume 1000–5000 metacercariae may develop acute Type two fasciolosis, which 

can be fatal. Temporary ascites, loss of body condition, and skin discoloration are possible 

symptoms. The third form is Subacute fasciolosis arises when sheep and cattle consume 800-

1000 metacercariae, subacute fasciolosis develops, which can result in anemia, lethargy, and 

even death. Weight reduction is one prominent characteristic (Radostits et al., 2007). Finally, 

chronic fasciolosis develops when animals consume 200-800 metacercariae. Regardless of the 

form of the disease symptoms may progress slowly or appear asymptomatic with potential 

manifestations including ascites and bottle jaw. Other signs may involve emaciation, anemia, 

elevated eosinophil count, weight loss, poor growth, reduced milk production, chronic liver 

damage and fibrosis and decreased albumin levels (Kaya et al., 2007). On the other hand, 

Symptoms due to The Paramphistomum parasite, commonly referred to as the rumen fluke is 

responsible for causing fatal Paramphistomosis, particularly in cattle and sheep. Symptoms 
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include severe diarrhea, anemia, lethargy, and if not treated can lead to mortality. Typical clinical 

signs include intestinal inflammation, bloody diarrhea, weight loss and anemia (Chaoudhary et 

al., 2015). Immature Paramphistomum trematodes, termed "plug feeders," penetrate the 

duodenal lining and consume epithelial cells from Brunner's glands. This activity leads to 

significant problems for the host including anorexia, foul diarrhea, anemia, and decreased plasma 

protein levels. Additionally, mature Paramphistomum causes issues such as irregular rumenitis, 

disrupted rumination, inefficient nutrient utilization, poor body condition, severe diarrhea, 

excessive thirst, and loss of appetite. (Williams, 2012). 

Cattle and sheep affected by schistosomiasis display a variety of clinical signs, including weight 

loss, dehydration, severe diarrhea with blood or mucus, reduced productivity, rough hair coat, 

pale mucous membranes, anemia, low levels of albumin in the blood (hypoalbuminemia), 

elevated levels of globulins in the blood (hyperglobulinemia), and a significant rise in 

eosinophils in the bloodstream. These symptoms typically manifest after the onset of egg 

excretion. Animals severely affected by the disease deteriorate rapidly and typically perish 

within a few months of contracting the infection. Animals with milder infections experience a 

chronic form of the disease characterized by delayed growth (Merck and Dhome, 2010). 

In ruminants, both hepatic and intestinal forms of schistosomiasis exhibit major clinical signs 

such as hemorrhagic enteritis (inflammation of the intestines with bleeding), anemia, and 

emaciation. These symptoms become evident after the beginning of egg excretion. Animals 

severely affected by the disease experience a swift decline in health and usually perish within a 

short period (Charles and Robinson, 2004). 

2.7. Diagnosis, Treatment and Control 

The diagnosis of fasciolosis involves two main steps. First, a primary diagnosis is made using 

information about the disease's epidemiology, clinical signs, weather conditions, grazing history, 

and seasonal patterns of Fasciola transmission. Following this, a definitive diagnosis is 

confirmed through fecal examination in a parasitological laboratory, postmortem examination of 

the liver for mature flukes and serological tests to detect Fasciola-specific antibodies in the 

animal's blood (Mushtaq, 2011; Krauth et al., 2015). Similarly, rumen fluke infections are often 

linked to young animals in the herd, particularly those grazing in areas near the habitat of the 

snail intermediate host. As the disease occurs during the prepatent period before fluke’s reach 
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maturity and start releasing eggs, fecal examinations provide limited diagnostic value. The 

definitive way to confirm a rumen fluke diagnosis is through postmortem examination, where 

immature flukes can be found in the duodenal submucosa. (Urquhart et al., 2003). Farther more 

the main method for identifying possible Schistosoma infections is the detection of fluke eggs in 

urine or fecal samples. These eggs, typically containing a single spine protruding from the shell, 

differ depending on the specific Schistosoma species responsible for the infection. In individuals 

infected with S. intercalatum, S. mekongi, S, bovis, S. mattheei and S. leiperi S. japonicum or S. 

mansoni, mature worms release eggs in the feces, typically found in the mesenteric venous 

plexus. Conversely, in cases of S. hematobium infection, mature fluke worms reside in the 

venous plexus of the lower urinary tract and release eggs in the urine (CDC, 2012). 

Multiple drugs are employed to treat fasciolosis in animals with differences observed in their 

effectiveness, mechanism of action, cost, chemical, trade names and availability in the market. 

Key classes of fasciolicide drugs encompass halogenated phenols, Salicylanilides, Benz 

imidazole and triclabendazole. For veterinary treatment, evaluating the advantages and 

disadvantages of these various fasciolicide choices is essential. (Wolstenholme et al., 2004). The 

most widely used drug for treating fasciolosis in animals is triclabendazole, usually 

commercialized as Fasinex, because of its exceptional efficacy against both adult and juvenile 

liver flukes. In many countries, it is the main medication of choice for treating fasciolosis 

infections in livestock and other animals.  (Wolstenholme et al., 2004; Dorchies, 2006). 

Effective treatments for Paramphistomum infections include medications like Resorantel, 

oxyclozanide, levamisole, clorsulon, niclosamide, ivermectin, and bithionol (Bowman, 2008). 

Important Schistosoma species infections can be treated with praziquantel. However, because 

praziquantel mainly targets adult worms and depends on the development of an antibody 

response to achieve maximal efficacy, timing is essential (CDC, 2012). Over the years, various 

medications with established effectiveness against Schistosoma have been researched for their 

potential in treating Schistosoma infection in cattle and sheep (Tsotetsi et al., 2013). 

Several methods have been developed to control trematode infections. One important approach is 

to reduce the snail population, as snails serve as an intermediate host for the parasite. The first 

step involves surveying the area to assess the extent of snail habitats. Drainage is considered the 

most effective long-term solution, as it can permanently eliminate mud snail habitats. For smaller 

snail habitats, options include fencing off the area or applying molluscicide such as copper 
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sulfate annually (Urquhart et al., 2003; Taylor et al., 2007). However, in nomadic management 

systems, continuous implementation of these measures may not be feasible. In such cases other 

methods can be used. One option is to reduce the population of snail intermediate hosts through 

chemical or biological interventions in areas where transmission occurs, aiming to disrupt the 

parasite's life cycle. Another approach involves eradicating or controlling the snail population 

using mechanical fences or snail traps to reduce transmission and effectively manage the disease 

(Merck and Dhome, 2010). Moreover, the plant Phytolacca dodecandra referred to as "endod" in 

Ethiopia or Africa soapberry acts as a natural molluscicide serving to manage snail populations. 

Endod native to Ethiopia and other parts of East Africa, has traditionally been employed for 

various purposes, such as a natural soap, fish poison, and molluscicide (Shibru et al., 1989). 

2.8. Habitat of Freshwater Snails 

Freshwater snails live in various aquatic environments globally. These habitats can be grouped 

into several types, each offering distinct conditions that support different snail species. Common 

habitats for freshwater snails include river, streams, lakes, ponds, marshes, swamps, springs, 

ditches, canals, temporary flooded areas, freshwater marshes, bogs, caves and underground 

waters (Strong et al., 2008). They have the ability to flourish in a wide range of freshwater 

habitats. The majority of land-based snail species prefer moist environments with elements such 

as aquatic vegetation, wood, rocks, stones, soft sediment, and vegetated areas like bushes. 

Among freshwater snails, certain genera have distinct habitat preferences. For example, 

Lymnaea snails commonly inhabit swampy regions and irrigation canals, while Bulinus and 

Planorbis species are typically found along river edges and near dams. (Salew and Munshea, 

2018). 

In aquatic environments, freshwater snails are essential to the ecosystem as both prey and 

consumers. They are an important source of food for many other aquatic species, mostly 

consuming plants, algae, and debris. However, certain species particularly those within the 

Planorbidae family can pose health risks as intermediate hosts for severe parasitic infections like 

schistosomiasis, fascioliasis, and Paramphistomosis. These snails can spread the parasites to 

people or animals when they contract the larval stages of the infection. These snail-borne 

parasitic infections are most common in parts of Asia, Africa, and the Americas (Alebie et al., 

2014; Woldegerima et al., 2019). Snails have the ability to lay up to 1,000 eggs in their lifetime, 
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snails have an exceptionally prolific reproductive technique. When environmental conditions are 

suitable, snail populations can grow quickly due to their high fertility, though the exact number 

of eggs laid may vary depending on the species (Mereta et al., 2019). 
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3. MATERIALS AND METHODS 

3.1. Study Area 

The investigation was carried out in Tigray's south and southeastern area as depicted in Figure 1. 

The southeast area is situated about 783 kilometers north of Addis Ababa, Ethiopia's capital. The 

geographic coordinates were 13.24° north latitude and 39.53° east longitude. The height above 

sea level ranges from 1400 to 2800 meters. The surrounding area receives 400 to 700 mm of rain 

annually. The temperature ranges from 14°C to 28°C yearly (SETADo, 2023). The same as 

South Tigray is about 663 kilometers from Addis Ababa and 120 kilometers south of Mekelle. 

With an elevation of 1800–3954 meters above sea level, its geographic coordinates are 12.96° 

north latitude and 39.52° east longitude respectively. The minimum annual temperature is 

14.5°C, while the maximum is 27.5°C and the surrounding area receives 630 to 1380 mm of rain 

annually (STADo, 2023).  
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Figure 1. Map of study area 

(Shapefiles for Ethiopia were retrieved from https:// Africa open data.org/data set/ Ethiopia-

shape files and the program ArcMap 10.1 of ArcGIS was used to create the map) 

3.2. Study Population and Study subjects 

The study population were those cattle and sheep found in the study area.  The study subjects are 

those animals managed under an extensive production system, grazing near to swampy areas, 

water lodges, and small dams in the study areas. Animals of both sexes, any breed and aged over 

six months were selected for the study. 
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3.3. Study Design 

Across sectional study was employed from December 2023 to December 2024 to investigate the 

prevalence of trematode infections and its associated factors in cattle and sheep and spatial 

distribution of freshwater snails in two selected zones of Tigray region of Ethiopia. 

3.4. Sampling Technique and Sample Size Determination 

Multistage sampling technique was employed to select study sites. Accordingly, two zones were 

selected purposively as indicated in figure 2. The districts and kebeles (local administrative 

units) included in the study areas were purposefully selected based on factors such as prevailing 

livestock populations, potential areas for snail population, grazing and watering spots, 

human/animal water contact sites, and ecological zones (highland, midland, & lowland). 

Animals were selected for the study using a simple random sampling method which used to 

graze in the potential predisposing factors for the occurrence of the infection.  

The sample size was determined using Thrusfield formula (Thrusfield, 2010) considering a 50% 

estimated prevalence in cattle and sheep, a 95% confidence interval, and a 5% required absolute 

precision.  

  

Where, n= the required sample size 

P exp = expected prevalence (P = 50%) 

d = desired absolute precision (5%) 

Z = 1.96 for a 95% confidence interval 

Accordingly, the calculated sample size was 384 for cattle and 384 for sheep, since the sampling 

technique used was multi-stage and then the total sample was multiplied by 2 (design effect). 

Thus, a total sample size of 1536 (768 from cattle and 768 from sheep) were selected from the 

study area. 



18 

 

Zones

South South Eastern

Emba Alaje Enda Mekoni Samre Hintalo

Ayba Atsela Amdi Weyane AraGeratserhi Mekan Debre Hayla Adis Alem

District District

Tabiya Tabiya Tabiya Tabiya

 

Figure 2. Sampling frame for fecal sample and snail collection 

 

3.5. Data Collection 

3.5.1. Fecal sample collection and examination  

Before sample collection, essential data such as breed, sex, body condition score, and age were 

recorded for each individual animal. Age of animals were determined by asking the owner and 

tooth eruption as described by Food Safety Inspection Service (2013). Additionally, by analyzing 

physical elements such as the vertebral column, ribs, spines, tail, the skull, and hip bone, the 

cattle's bodily condition was categorized into three categories poor (scores 1 to 3), medium 

(scores 4 to 6), and good (greater than 6) (Genzebu et al., 2012). Similarly, structural 

components that include the ribs, spines, brisket, eye muscle, the lower part of the flank, and loin 

were examined in order to classify the body condition of sheep into three categories: poor (scores 

1 to 2), medium (scores 3), and good more than 4 (Tadesse and Gebremariam, 2010). 
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During the initial data collection fecal samples were directly collected from the rectum of 

randomly chosen cattle and sheep. This was performed using sterile disposable plastic gloves 

with two fingers utilized for collection. Each sample was clearly labeled with details including 

animal identification, site of collection, date, breed, age, sex, and body condition. Samples were 

carefully packaged and sent in cool boxes or preserved in universal bottles filled with 10% 

formalin to prevent egg hatching and development during the samples transportation (Antonia, 

2010). The samples were transported to the parasitological laboratory at Mekelle University 

College of Veterinary Science (MU-CVS). 

The samples were either examined immediately or stored at 4°C until processing. The 

sedimentation technique was then utilized to detect and count trematode eggs. For each case, 3g 

of feces were measured and placed into container 1. Next 42 ml of tap water were added to the 

same container and mixed thoroughly using a glass rod. The fecal suspension was filtered using a 

mesh size of 60µm diameter into container 2, and then transferred to a centrifuge tube. The tube 

was centrifuged at 1500 rpm for five minutes. In the absence of a centrifuge, the mixture was 

allowed to sediment undisturbed for 20 to 30 minutes, followed by careful resuspension in 5 ml 

of water and sedimentation for an additional five minutes. The supernatant was then carefully 

discarded. The sediment was stained with one drop of 1% methylene blue and the sediment was 

placed on a slide covered with a coverslip. Finally, the slide was examined under low power 

microscope magnification to identify the presence or absence of trematode eggs (Shimizu and 

Robyn, 2007). This staining technique resulted in distinct colors: Paramphistomum eggs 

appeared gray, while Fasciola eggs appeared yellowish and Schistosoma egg dark brown. To 

quantify the egg counts, a differential egg per gram (EPG) was calculated for each parasite. This 

involved dividing the specific parasite egg count found in a 3-gram fecal sample by 3 (Van Wyk 

and Mayhew, 2013). 

3.5.2. Malacological Study 

Intermediate snail hosts were surveyed in various habitats, including leaf-filled surface 

depressions, log-mud interfaces, stone crevices, emergent or submerged vegetation, and at points 

of human water contact in streams, and marshy areas within the study area. Snails were collected 

manually while wearing gloves. To maintain the natural habitat conditions during transportation, 

snails were carefully placed into an open plastic bags along with fresh water and grass/algae.  
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All the freshwater snail samples were taken to MU-CVS parasitology laboratory. Snails were 

identified using morphological characteristics for genus and species with the aid of the 

identification keys of (Upatham et al., 1983; Brown, 1994). This examination included 

inspecting various aspects of the snail shells, such as size, number of whorls, apex shape, suture 

patterns, spire structure, columella features, shell shape, coil direction, surface textures, colors, 

and patterns (Mandahl -Barth, 1962). 

Medically important snails were examined for trematode infection by shedding method 

(individual snails were placed in vials/Petri dishes containing aged water and exposed them to 

natural or electric light for 30-40 minutes) as described by(Sri-aroon et al. 2005). Emerged 

cercariae were collected and identified to the genus level under stereomicroscope.  

13 laboratory-bred mice, obtained from College of Health Sciences, were exposed in mass to 

schistosomes cercariae for 40 minutes in a beaker. Then the mice were transferred to their cage 

and maintained in animal house at CVS. Adult S. mansoni parasites were harvested from these 

mice after 6 weeks of laboratory maintenance (Duval and Dewitt, 1967). Definite identification 

of the schistosomes was made using eggs and adult worm morphology from feces of mice and by 

dissecting the mice, respectively. 

3.6. Data Analysis 

The collected data was entered into a Microsoft Excel 2007 spreadsheet and analyzed by using 

STATA statistical software version 16. The data was cleaned, coded, recoded, and checked for 

statistical assumptions. Descriptive statistics was employed to summarize the data and reported 

as frequency and percentage in table form. Cross tabulation was conducted to determine the 

prevalence of trematode infection (Fasciolosis, Paramphistomosis and Schistosomiasis) across age, 

sex and topographic differences. Logistic regression was conducted to determine the degree of 

association between prevalence of trematode infection and various risk factors and the result was 

expressed in terms of Odds Ratio (OR) and 95% confidence Interval (CI).  For all analysis a P-

value < 0.05 was used as a cut-off point for significance difference. 

3.7. Ethical Considerations 

Before fecal sample collection verbal consent was obtained from the local community leaders 

and animal health departments of the selected sample collecting sites. The farmers were also 

informed of the significance of the study. Additionally, it is guaranteed that the findings of the 
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study will be shared with farmers through community service at the conclusion of the study so 

they can understand the impact of the diseases. Furthermore, for animal (mice) experimentation, 

institutional ethical clearance will be obtained from Animal Ethics and Experimentation 

committee (AEEC) of Mekelle University (AEEC No: AEEC 31/2024). 
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4. RESULTS 

4.1. Demographic Characteristics of the Study Subjects 

A total of 1536 animals (768 cattle and 768 sheep) were included from Southeastern and South 

zones of the regions in the current study (Table 1). Majority (65.8%) of the study subjects were 

adults while 45% of them with medium body condition score. The cattle and sheep demographic 

data reveals a balanced distribution between the South Eastern and South Zones. The distribution 

across districts shows that Samre had the highest sample collected with 214 cattle (27.8%), 

followed closely by Emba Alaje with 200 cattle (26.0%), Enda Mokoni with 184 cattle (23.9%). 

Whereas, Emba Alaje had the highest count with 200 sheep (26.04%), followed by Samre and 

Hintalo, each with 192 sheep (25.00%). Sex distribution was skewed towards females in both of 

the animals. 

Table 1: Summary of demographic characteristics of the study subjects 

Variables  Cattle Sheep 

Frequency  Percent  Frequency  Percent  

Zone     

 South eastern 384 50 384 50 

South 384 50 384 50 

District      

  Samre 214 27.8 192 25.00 

Hintalo 170 22.1 192 25.00 

Emba alaje 200 26.0 200 26.04 

Enda mokoni 184 23.9 184 23.96 

Tabia     

 Debre hayla 107 13.9 84 10.93 

Adis alem 107 13.9 108 14.06 

Amdiweyane 104 13.5 95 12.36 

Ara 66 8.5 97 12.63 

Ayba 112 14.5 114 14.84 

Atsela 88 11.4 86 11.19 

Gratserhi 90 11.7 94 12.23 

Mekan 94 12.2 90 11.71 

Sex     

 Male 315 41.0 304 39.58 

Female 453 58.9 464 60.42 

Age     

 Young 262 34.1 262 34.11 

Adult 506 65.8 506 65.89 

BCS     

 Poor 221 28.7 220 28.65 

Medium 347 45.1 353 45.96 

Good 200 26.0 195 25.39 
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4.2. Prevalence of Trematode infection in Cattle 

Majority (60.29%, 463/768) of the study cattle had either single or multiple trematode infections 

(fasciolosis, Paramphistomosis and schistosomiasis). Considering, single infection, majority 

(19.01%) of them were positive for fasciolosis while 20.7% of them had a mixed infection of by 

both Fasciola and Paramphistomum species (Table 2).  

Table 2: Prevalence of Trematode infection in cattle based on fecal examination by parasite type 

Trematode infection Frequency Percent 

Fasciola species 146 19.01 

Paramphistomum species 130 16.93 

Schistosoma species 19 2.47 

Fasciola species + Paramphistomum species 159 20.7 

Fasciola species + Schistosoma species 5 0.65 

Fasciola species + Paramphistomum species + 

Schistosoma species 

4 0.52 

Total number of cattle infected by trematode  463 60.28 

At the zone level, the South zone had higher positive rates with 47.1%, 42.4%, and 3.4% for 

Fasciola, Paramphistomum, and Schistosoma species, respectively. While, Emba alaje (49.5%) 

and Ayba (57.14%) had the highest number of positive animals for Fasciola egg comparing at 

district and tabia level, respectively. On the other hand, Schistosoma egg was only detected from 

tabia Adisalem (Samre district) and tabia Ayba (Emba alaje district) with a positive rate of 

14.02% (15/107) and 11.61% (13/112), respectively. Furthermore, most of the positive rates 

were exhibited in adult animals with poor body condition scores (Table 3). 

 

 

 



24 

 

Table 3: Prevalence of Trematodes infection in cattle based on the fecal examination by 

demographic type 

Variable Total 

Examined 

Fasciolosis Paramphistomosis Schistosomiasis 

No. of 

Positive 

% No. of 

Positive  

% No. of 

Positive  

% 

Zone         

 South eastern 384 129 33.59 130 33.85 15 3.91 

South 384 181 47.14 163 42.45 13 3.38 

District         

 Samre 214 75 35.05 80 37.38 15 7.01 

Hintalo 170 54 31.76 50 29.41 0 0.00 

Emba alaje 200 99 49.50 88 44.00 13 6.50 

Enda mokoni 184 82 44.56 75 40.76 0 0.00 

Tabia        

 Debre hayla 107 39 36.45 41 38.3 0 0 

Adis alem 107 36 33.6 39 36.4 15 14.02 

Amdiweyane 104 31 29.8 31 29.8 0 0 

Ara 66 23 34.85 19 28.8 0 0 

Ayba 112 64 57.14 56 50 13 11.61 

Atsela 88 35 39.8 32 36.4 0 0 

Gratserhi 90 38 42.2 37 41 0 0 

Mekan 94 44 46.8 38 40.4 0 0 

Sex        

 Male 315 124 39.37 126 40 14 4.4 

Female 453 186 41.1 167 36.9 14 3.1 

Age        

 Young 262 107 40.8 97 37 5 2 

Adult 506 203 40.1 196 38.7 23 4.5 

BCS        

 Poor 221 105 47.5 91 41.2 9 4.1 

Medium 347 149 42.9 149 43 10 2.9 

Good 200 56 28 53 26.5 9 4.5 

Logistic regression analysis revealed that cattle in the southern zone are 76% more likely to be 

infected with fasciolosis compared to cattle from South eastern and the difference were 

statistically significant  (OR = 1.76; 95% CI = 1.316, 2.359; P = 0.000). Similarly, it has been 

observed also that cattle from south zone were 44% more likely to be infected by 

paramphistomosis as compared to cattle from south eastern and the difference were statistically 

significant (OR=1.44, 95% CI:1.075, 1.930, P=0.014) (Table 4). 

Cattle with poor body condition were 2.32 times more likely to have fasciolosis as compared to 

cattle with good body condition (OR= 2.32; 95% CI: 1.550, 3.493). The difference in prevalence 

of fasciolosis between the body condition scores were found to be statistically significant 
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(P<0.05). likewise, Cattle with poor body condition were 94% higher to be have 

Paramphistomosis as compare to cattle with good body condition (OR= 1.94; 95% CI: 1.284, 

2.933) and the difference were statistically significant (P<0.05). However, there was no 

significant difference in prevalence of Schistosomiasis among the body condition scores 

(P>0.05). Moreover, there were not significant difference in prevalence of fasciolosis, 

Paramphistomosis and Schistosomiasis between different sexes and age groups (Table 4). 
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Table 4: Logistic regression of Trematodes infection in cattle based on the fecal examination 
Variable Total 

Examined 

Fasciolosis Paramphistomosis Schistosomiasis 

No. of 

Positive 

(%) 

OR (95%CI) 

 

P-

value 

No. of 

Positive 

(%) 

OR (95%CI) P-

value 

No. of 

Positive 

(%) 

OR (95%CI) P-

value 

Zone            

 South eastern 384 129 (33.6)   130(33.9)   15(3.9) 1.160(0.544, 2.472) 0.70 

South 384 181(47.14) 1.76(1.316, 2.359) 0.000 163(42.45) 1.441(1.075, 1.930) 0.014 13(3.4)   

District            

  Samre 214 75(35.05) 1.15(0.755, 1.778) 0.499 80(37.4) 1.432(0.931, 2.204) 0.102 15(7)   

Hintalo 170 54(31.8) Ref  50(29.4) Ref  0   

Emba alaje 200 99(49.5) 2.10(1.375, 2.222) 0.001 88(44) 1.885(1,223, 2.905) 0.004 13(6.5)   

Enda mokoni 184 82(44.6) 1.72(1.118, 2.666) 0.014 75(40.8) 1.651(1.061, 2.569) 0.026 0   

Tabia           

 Debre hayla 107 39(36.45) 1.35(0.755, 1.778) 0.306 41(38.3) 1.536(0.794, 2.973) 0.202 0   

Adis alem 107 36(33.6) 1.19(0.667, 2.134) 0.55 39(36.4) 1.418(0.731, 2.751) 0.301 15(14)   

Amdiweyane 104 31(29.8) Ref  31(29.8) 1.050(0.532, 2.070) 0.887 0   

Ara 66 23(34.85) 1.25(0.652, 2.432) 0.492 19(28.8) Ref  0   

Ayba 112 64(57.14) 3.13(1.788, 5.511) 0.000 56(50) 2.473(1.292, 4.733) 0.006 13(11.6)   

Atsela 88 35(39.8) 1,55(0.854, 2.830) 0.149 32(36.4) 1.413(0.710, 2.810) 0,324 0   

Gratserhi 90 38(42.2) 1,72(0.951, 3.113) 0.073 37(41) 1.726(0.876, 3.403) 0.114 0   

Mekan 94 44(46.8) 2.07(1.155, 3,714) 0.014 38(40.4) 1.678(0.855, 3.291) 0.132 0   

Sex           

 Male 315 124(39.37) Ref  126(40) 1.141(0.849, 1.534) 0.379 14(4.4) 1.458(0.685, 3.103) 0.327 

Female 

 

453 186(41.1) 1.07(0.800, 1.439) 0.638 167(36.9) Ref  14(3.1)   

Age           

 Young 262 107(40.8) 1.03(0.760, 1.396) 0.847 97(37) Ref  5(2)   

Adult 506 203(40.1) Ref  196(38.7) 1.754(0.790, 1.463) 0.643 23(4.5) 2.447(0.919, 6.514) 0.073 

BCS           

 Poor 221 105(47.5) 2.32(1.550, 3.493) 0.000 91(41.2) 1.941(1.284, 2.933) 0.002 9(4.1) 1.430(0.571, 3.578) 0.444 

medium 347 149(42.9) 1.93(1.330, 2.814) 0.001 149(43) 2.087(1.428, 3.049) 0.000 10(2.9) 1.587(0.634, 3.976) 0.323 

Good 200 56(28) Ref  53(26.5) Ref  9(4.5) Ref  
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4.3. Prevalence of Trematode infection in Sheep 

An overall, 53.5% (411/768) of the study sheep had either single or multiple trematode infections 

(fasciolosis, Paramphistomosis and schistosomiasis). Considering, single infection, 21.74% of 

them were positive for fasciolosis while 18.23% of them had a mixed infection of Fasciola and 

Paramphistomum species (Table 5).  

Table 5: Prevalence of Trematode infection in sheep based on fecal examination by parasite type 

Trematode Genus Total number of positive Percent 

Fasciola species 167 21.74 

Paramphistomum species 103 13.41 

Schistosoma species 1 0.13 

Fasciola species and Paramphistomum 

species 

140 18.23 

Total number of sheep infected by 

trematode 

411 53.52 

At the zone level, the South zone had higher positive rates with 42.19%, 36.46%, and 0.26% for 

Fasciola, Paramphistomum, and Schistosoma species, respectively. While, Emba alaje (44.50%) 

followed by Samre (40.63%) had the highest number of positive animals for Fasciola egg 

comparing at district and tabia level, respectively. On the other hand, most of the positive rates 

were exhibited in adult sheep with medium body condition scores (Table 6). 
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Table 6: Prevalence of Trematodes infection in sheep based on the fecal examination by 

demographic type 

Variable Total 

Examined 

Fasciolosis Paramphistomosis Schistosomiasis 

No. of 

positive  

%  No. of 

positive  

%  No. of 

positive 

% 

Zone         

 South eastern 384 145 37.76 103 26.82 0 0.00 

South 384 162 42.19 140 36.46 1 0.26 

District         

 Samre 192 78 40.63 49 25.5 0 0 

Hintalo 192 67 34.89 54 28.1 0 0 

Emba alaje 200 89 44.50 76 38.0 1 0.5 

Enda mokoni 184 73 39 .67 64 34.7 0 0 

Tabia        

 Debre hayla 84 26 30.9 22 26.19 0 0 

Adis alem 108 52 48.1 27 25 0 0 

Amdiweyane 95 37 38.9 31 32.6 0 0 

Ara 97 30 30.9 23 23.7 0 0 

Ayba 114 61 53.5 46 40.3 0 0 

Atsela 86 28 32.5 30 34.8 1 1.16 

Gratserhi 94 37 39.3 29 30.8 0 0 

Mekan 90 36 40 35 38.8 0 0 

Sex       0 

 Male 304 123 40.5 97 31.9 0 0 

Female 464 184 39.7 146 31.4 1 0.2 

Age        

 Young 262 96 36.8 75 28.6 0 0 

Adult 506 211 41.7 168 33.2 1 0.1 

BCS        

 Poor 220 89 40.4 77 35 1 0.4 

Medium 353 147 41.6 115 32.5 0 0 

Good 195 71 36.4 51 26.1 0 0 
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In the present study higher proportion of fasciolosis (42.1%), paramphistomosis (36.4%) and 

schistosomiasis (0.2%) infestation were found among sheep from Southern zone. Sheep from 

south zone were 20% (OR =1.20; 95% CI: 0.900, 1.606) higher to be infected with fasciolosis as 

compared to sheep from Southeastern zone. However, the difference was not statistically 

significant (P>0.05). Similarly, sheep from south zone were 56% (OR = 1.56; 95% CI: 1.151, 

2.127) higher to be infected with paramphistomosis as compared to sheep from Southeastern 

zone and the difference were found to be statistically significant (P<0.05). Moreover, there was 

no significant difference observed in prevalence of fasciolosis, paramphistomosis and 

schistosomiasis between different sexes and age groups (P>0.05) (Table 7). 
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Table 7: Logistic regression of trematodes infection in sheep based on the fecal examination 
Variable Total 

Examined 

Fasciolosis Paramphistomosis Schistosomiasis 

No. of 

Positive (%) 

OR (95%CI) 

 

P-

value 

No. of 

Positive (%) 

OR (95%CI) P-

value 

No. of 

Positive (%) 

OR 

(95%CI) 
P-value 

Zone            
 South eastern 384 145(37.7) Ref  103(26.8) Ref  0   

South 384 162(42.1 1.202(0.900, 1.606) 0.211 140(36.4) 1.56(1.151, 2.127) 0.00 1(0.2) 1 - 
District            
 Samre 192 78(40.6) 1.27(0.844, 1.930) 0.247 49(25.5) Ref  0   

Hintalo  192 67(34.8) Ref  54(28.1) 1.14(0.726, 1.794) 0.56 0 1  
Emba alaje 200 89(44.5) 1.49(0.995, 2.247) 0.053 76(38.0) 1.78(1.161, 2.755) 0.00 1(0.5) 1 - 
Enda mokoni 184 73(39 .6) 1.22(0.807, 1.864) 0.33 8 64(34.7) 1.55(0.998, 2.426) 0.05 0 1  

Tabia           
 Debre hayla 84 26(30.9) 1.00(0.532, 1.883) 0.997 22(26.1) 1.064(0.554, 2.045) 0.851 0   

Adis alem 108 52(48.1) 2.07(1.169, 3.676) 0.013 27(25) Ref  0 1  
Amdiweyane 95 37(38.9) 1.42(0.784, 2.586) 0.245 31(32.6) 1.45(0.788, 2.677) 0.231 0 1 - 
Ara 97 30(30.9) Ref  23(23.7) 0.932(0.492, 1.767) 0.830 0 1  
Ayba 114 61(53.5) 2.57(1.458, 4.529) 0.001 46(40.3) 2.029(1.412, 3.603) 0.016 0 1  
Atsela 86 28(32.5) 1.07(0.577, 2.001) 0.813 30(34.8) 1.607(0.863, 2.992) 0.135 1(1.1) 1  
Gratserhi 94 37(39.3) 1.44(0.797, 2.634) 0.223 29(30.8) 1.338(0.721, 2.481) 0.355 0 1  
Mekan 90 36(40) 1.48(0.814, 2.720) 0.196 35(38.8) 1.909(1.039, 3.505) 0.037 0 1  

Sex           
 Male 304 123(40.5) 1.02(0.769, 1.389) 0.824 97(31.9) 1.02(0.748, 1.392) 0.89 0   

Female 464 184(39.7) Ref  146(31.4) Ref  1(0.2) 1 - 
Age           
 Young 262 96(36.6) Ref  75(28.6) Ref     

Adult 506 211(41.6) 1.23(0.909, 1.681) 0.175 168(33.2) 1.23(0.89, 1.716) 0.197 1(0.1 1 - 
BCS           
 Poor 220 89(40.4) 1.18(0.797, 1.764) 0.398 77(35) 1.52(0.996, 2.220) 0.05 1(0.4) 1 - 

medium 353 147(41.6) 1.24(0.869, 1.786) 0,231 115(32.5) 1.36(0.924, 2.013) 0.11 0 1  
Good 195 71(36.4) Ref  51(26.1)   0   
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4.4. Malacological Findings 

In the study area a comprehensive survey was conducted to identify the species of freshwater snails present. A total of 1,269 individual 

snails were collected from various study sites, including damp and slow moving water (Table 8). On the basis of shell morphology field 

survey showed that presence of three snail species of the snails collected were putatively identified as Biomphalaria pfeifferi, Bulinus 

truncatus, and Lymnaea natalensis. L. natalensis was the most abundant species with 584 individuals representing 46.0% of the total snail 

population. This species was found in a variety of sampling sites indicating its wide distribution and adaptability within the study area. 

While B. pfeifferi and B. truncatus accounted for 35.6% and 18.4% of the total snails making it the second and third common species with 

452 and 233, respectively individuals collected. Of the total collected snails, most of (71.9%) were live. 

 

Table 8: Spatial distribution of freshwater snail species by district 

Genus Species Total snails 

collected 

Status of snails Proportion and status of snail species by district 

Samre Hintalo Emba alaje Enda mokoni 

Live Dead Live Dead  Live Dead Live Dead Live Dead 

Lymnaea L. natalensis 584 (46.0) 425(72.8) 159(27.2) 90(15.4) 19(3.2) 52(8.9) 44(7.5) 130(22.2) 51(8.7) 155(26.5) 43(7.3) 

Bulinus B. truncatus 233(18.4) 173(74.3) 60(25.7) 61(26.1) 8(3.4) 36(15.4) 21(9) 37(15.8) 19(8.1) 32(13.7) 19(8.1) 

Biomphalaria B. pfeifferi 452(35.6) 314(69.5) 138(30.5) 230(50.8) 64(14.1) 29(6.4) 42(9.2) 39(8.6) 25(5.5) 16(3.5) 7(1.5) 

Total 1269 912(71.9) 357(28.1) 335(26.3) 91(20.1) 117(9.2) 107(8.4) 206(16.2) 95(7.4) 203(15.9) 69(5.4) 
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All of snail species were placed in vials/Petri dishes/beakers and exposed to sun light for 

shedding. Some of the snails which served as intermediate host for schistosomiasis collected 

during the survey were found to be shedding Schistosoma cercariae. Infected B. truncatus and L. 

natalensis snails were absent. Morphological identification of shaded S. mansoni cercariae was 

performed by looking the typical elongated head and biforked tail. Further verification of 

identification was made from in mass cercariae exposed laboratory bred mice after six weeks of 

laboratory maintenance using eggs (miracidium) and adult worm morphology from feces of mice 

and by dissecting the mice, respectively. On the other hand, these results confirm the snail 

dynamics in such a way that there was an active transmission of schistosomiasis in the study 

area. 
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5. DISCUSSION  

This study is the first to evaluate the prevalence of snail-borne trematode infections in live cattle 

and sheep within the selected area. Trematode parasitism poses a major challenge to ruminant 

productivity worldwide, resulting in reduced productivity and significant economic losses due to 

slower growth, diminished milk production, and increased risk of secondary infections and 

Considered a significant parasitic problem for cattle, sheep, and other ruminants across various 

global regions, including Africa, where they particularly impact livestock health and agricultural 

productivity (Dey et al., 2022). 

Infections by trematodes are prevalent in areas where their intermediate snail hosts are thriving. 

Identifying how these diseases spread and setting control measures into place to reduce exposure 

to these hosts are essential to minimizing the risk of obtaining them, particularly among cattle 

and sheep. The study identified that local sheep and cattle breeds were most frequently affected, 

most likely as a result of their widespread adoption in extensive farming systems (Megersa et al., 

2024). 

A higher percentage of female cattle 58.9% and female sheep 60.4% were sampled compared to 

their male counterparts 41% and 39.5%, respectively. This is because farmers typically keep 

more female animals for herd expansion and milk production (Majekodunmi et al., 2014). 

Trematode infections were found in sheep and cattle in the southeastern and south zones of the 

current study, with overall prevalence rates of 53.5% and 60.2%, respectively, according to 

coprological analysis. The prevalence is in agreement with results from other Ethiopian regions, 

such as Bahir Dar in the northwest, where 61.0% were identified. (Aragaw and Tilahun, 2019). 

Similarly, high prevalence rates of trematode infections have been documented worldwide, 

including 69% in Rwanda (Tumusiime et al., 2023), 64.6% in north-central Nigeria (Elelu et al., 

2016), 65.7% in Tanzania (Materu et al., 2024), and 44.3% in Ukraine (che-Kruchynenko et al., 

2021). This indicate that these trematode infections are a common problem for livestock 

worldwide (Materu et al., 2024). 

More over the higher prevalence of trematode infections in cattle and sheep observed in this 

study may be attributed to the study area's significant presence of permanent, slow-moving water 

bodies and damp environments. This contrasts with some other studies conducted near 

permanent water sources and irrigation activities. The prevalence of Trematode infection in a 
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particular area is greatly influenced by the availability of appropriate habitats for aquatic snails, 

which act as intermediate hosts for trematodes (Megersa et al., 2024). 

The prevalence of single trematode infections in cattle and sheep was also highlighted by the 

current study; Fasciola were the most widespread, followed by Paramphistomes and 

Schistosoma. Remarkably, among the animals investigated, the frequency of mixed infections 

was similar to that of single infections. The biological properties like temperature, complex life 

cycle and ecological interaction of the parasites and their intermediate hosts in the research area 

may be associated to these variations in fluke infection rates (Dube et al., 2023). 

Fasciola was the most common of the trematode genera found, infecting 21.7% of sheep and 

19% of cattle. These prevalence levels are similar to those found in earlier research that found 

coprological prevalence rates in three agro-ecological zones of 21% and 24.5% in cattle and 

sheep, respectively (Megersa et al., 2024) and 20.92% in sheep were reported in Ejere District, 

West Shewa respectively (Adugna et al., 2023). This similarity could be linked to the favorable 

ecological conditions in the study area that support the intermediate hosts of Fasciola (Sisay and 

Nibret, 2013). 

The prevalence of fasciolosis in cattle and sheep in the current study area was lower compared to 

findings from other regions in Ethiopia. Specifically, previous studies reported coprological 

conducted in Jimma, eastern Ethiopia, which found prevalence rate 35% (Kebede and Wakgari, 

2016), 25.48% in Gechi District (Husen et al., 2017), and 35% in Jimma, Western Ethiopia 

(Kebede et al., 2016). The prevalence of Fasciola infections is known to vary over time, largely 

influenced by changes in rainfall patterns and amounts. Snail vectors for Fasciola spp. thrive at 

optimal temperatures between 10°C and 16°C, which are essential for the development of the 

parasites within their intermediate hosts. Additionally, sufficient moisture, achieved when 

rainfall exceeds evaporation and fields are saturated, is critical for snail reproduction and the 

development of larval stages. These conditions also facilitate the maturation of fluke eggs, the 

search for snails by miracidium, and the dispersal of cercariae (Ardo and Aliyara, 2014). 

The second most prevalent Trematode infection in sheep and cattle, as determined by the current 

study is Paramphistomosis which has prevalence rates of 13.4% and 16.9%, respectively. As 

reported by (Kebede et al. 2023), these rates are greater than those from Southern Ethiopia's 

Wolaita Zone 5.2% and Ethiopia's three agro-ecological zones 11.7% (Megersa et al., 2024). 

https://journals.plos.org/plosntds/article?id=10.1371%2Fjournal.pntd.0011812
https://journals.plos.org/plosntds/article?id=10.1371%2Fjournal.pntd.0011812
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However, they are lower compared to reports from other parts of the world, such as Iraq 34.6% 

(Hajipour et al., 2021) and Malaysia 46.9% (Che-Kamaruddin and Isa, 2023). 

The prevalence of Paramphistomosis in this study was also lower than previously reported 

figures from South Wollo, which showed a rate of 39.1% (Wondmnew et al., 2019). These 

differences could be attributed to variations in livestock management practices, the presence or 

absence of swampy areas, the impact of deworming programs, and differences in study periods 

(Pokharel and Sharma, 2023). 

In our study, the prevalence of Schistosoma infection in cattle 2.4% and sheep 0.1% was lower 

compared to previous reports from various regions. For instance, higher prevalence rates were 

reported in northwest Ethiopia, with 24.6% in cattle and 2.3% in sheep (Yirsaw and Zewdu, 

2016), and in Gozamen District, with 26.3% and 25.9% (Adane and Regasa, 2023). Fogera 

Wereda had 16.28% (Wudeneh, 2018), Tis Abay had 13.02% (Kifle et al., 2022), Debre Tabor 

town had 7.6% (Tsega and Derso, 2015), and other Ethiopian regions, including South Wollo 

and the Oromia Zones of the Amhara Region, reported 16.7% (Molla et al., 2022). Worldwide, 

investigations have shown the prevalence of Schistosoma in cattle in Côte d'Ivoire 2.4% % 

(Kouadio et al., 2020) and 4.52% in India (Bulbul et al., 2022). 

A number of variables, including as variations among study locations, meteorological and 

ecological circumstances, and animal husbandry practices, may be important for the reported 

variation in prevalence across studies. In addition, although Schistosoma eggs might become 

remain in tissues, they may not always be identified in fecal samples, which would reduce the 

detection rates (Takaki et al., 2021). 

The prevalence of concurrent trematode infections in cattle was identified to be 20.7% for 

Fasciola and Paramphistomum, 0.6% for Fasciola and Schistosoma, and 0.5% for Fasciola, 

Paramphistomum, and Schistosoma mixed in the current study. Only concurrent infections of 

Paramphistomum and Fasciola were identified in sheep, with an 18.2% frequency. These results 

contrast with other studies; in Wolaita Zone, only 8.33% of cattle had concurrent infections of 

Fasciola and Paramphistomum (Kebede et al., 2023), whereas studies in Bangladesh and 

Malaysia reported higher rates of 39.5% and 11%, respectively (Khadijah et al., 2017). The 

favorable conditions in nature that support both the parasites and their intermediate hosts in the 

research area may be the reason of the higher coinfection rates found in this investigation 

(Megersa et al., 2024). 



36 

 

Based to the sex-specific examination of the infection rates, female cattle and sheep had a greater 

prevalence than male animals, with rates of 58.9% and 60.4% for females and 41.0% and 39.5% 

for males, respectively. This increased susceptibility in females can be attributed to several 

factors. During lactation, cows are particularly vulnerable to trematode infections due to the 

potential depletion of immune resources caused by high milk production. Additionally, most 

people traditional feeding practices, where lactating cows are often given grasses collected from 

areas near rivers and marshes, during the dry season, to attain a high milk yield from cows (Alim 

et al., 2021). 

This indicates that sex does not significantly affect the infection rate, as both male and female 

animals appear to be equally susceptible to the disease. The similar exposure levels to 

pasturelands and watering points for both sexes likely contribute to this equal susceptibility. 

Additionally, the management system, while males may have longer periods of outdoor 

exposure, females are often kept indoors during the early stages of lactation. This management 

practice might influence the overall infection rates (Dey et al., 2022). 

This study also examined the prevalence of concurrent trematode infections in cattle and sheep 

by age group. In cattle, infection rates were consistent across different ages, with adult cattle 

showing a rate of 40.1% and young cattle at 40.8%. On the other hand, the infection rate in sheep 

was lower in young sheep (36.6%) and greater in mature sheep (41.6%). Infected sheep were 

almost 1.23 times more likely to be adults than younger ones (OR: 1.23; 95% CI: 0.909, 1.681). 

This increased prevalence in adult animal can be attributed to the chronic nature of the disease, 

as adults often harbor parasites for extended periods without obvious symptoms. Additionally, 

adults are more frequently exposed to pastures contaminated with metacercariae and typically 

graze for longer durations, which contributes to their higher infection rates compared to younger 

(Kebede et al., 2023). 

According to the study, the prevalence of snail-borne trematode infections was higher in cattle 

and sheep with low and medium body condition scores than in those with good body condition 

scores. Infections such fasciolosis, Paramphistomosis, and schistosomiasis were more common 

in animals suffering from malnourished. They are probably at a higher risk because of their 

decreased immune systems and poor health, which leave them more susceptible to these 

parasites. Animals in good physical condition, on the other hand, had decreased infection rates, 
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suggesting that improved diet and general health increase resistance to these diseases (Dey et al., 

2022). 

In the current investigation we collected snails belonging to three genera were identified, a result 

consistent with a previous study (Megersa et al., 2024). The study areas exhibited a higher 

abundance of Lymnaea, followed by Biomphalaria and Bulinus species.  The variation in species 

distribution across districts suggests that factors such as water availability, temperature, 

vegetation, and possibly anthropogenic activities may play a role in shaping snail habitats. 

Additionally, the dominance of Lymnaea natalensis raises concerns about the potential for 

trematode transmission in areas where this species thrives, as it is a known intermediate host for 

parasites like Fasciola, which affect livestock and humans. 

Measurement of infection rates in field populations of snails is one of the basic tools for studies 

on the epidemiology of trematode infections to estimate the transmission potential of an area 

(Sturrock, 2001). In the present study, malacological survey at human water contact sites, slow 

moving water, small dams and other potential lodging sites showed the occurrence of three snail 

species namely B. pfeifferi, B. truncatus, and L. natalensis. Most of the snails collected during 

the survey were found to be live. Some of the snails collected during the survey were found to be 

shedding schistosome cercariae. Previous reports from Jimma town showed a 50% rate of 

infection in the intermediate host (Biomphalaria species) (Abebe et al., 1998) and 58% from the 

same place (Mengistu et al., 2011). While quite lower natural prevalence of shedding 

schistosomes cercariae was recorded with 5.42% in B. pfeifferi in Waja-Timuga, District of 

Alamata, northern Ethiopia (Abebe et al., 2014) and infection rate of 0.5% - 6% in Lake Zway 

(Erko et al., 2006). An explanation for the variability of these results could be due to difference 

in efficiency of parasite in flux from vertebrate to snail host, which is determined by factors 

including seasonal variation, snail density, prevalence and intensity of Schistosoma infection and 

deposition rate of Schistosoma eggs in water bodies. 

Collection of schistosomes infected B. pfeifferi, and the establishment of lab infection in mice 

showed that transmission of intestinal schistosomiasis is taking place in the area which is in line 

with previous reports from Waja-Timuga, District of Alamata, northern Ethiopia (Abebe et al., 

2014). 
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6. CONCLUSION AND RECOMMENDATIONS 

 

The present study revealed that trematode infections are moderately prevalent in the study area, 

indicating a significant health concern for cattle and sheep. This prevalence may adversely affect 

economic outcomes from these animals, potentially hindering the growth of cattle and sheep 

production in the region. The study identified age and body condition score as risk factors for 

trematode infections in both cattle and sheep. Additionally, female cattle and sheep showed higher 

prevalence rates of Trematode infection compared to males. The occurrence of Trematode infection 

is closely linked to the primary feed resources in the area, which are predominantly natural pastures 

and seasonally waterlogged grazing lands. The lack of clean piped water for animals further 

increases their exposure to trematode infections. In addition, the local environment is suitable the 

development and distribution of intermediate hosts. Furthermore, the heterogeneous distribution of 

snails, particularly B. pfeifferi, which could have more public health concern, has important 

implications for potential mass treatment programs in the study areas. The following 

recommendations have been given forward considering the implications of the above mentioned 

conclusions. 

 

 Implementing strategic deworming programs against trematode infection.  

 Awareness creation against grazing of animals in the potential environments which favor 

for the habitat of intermediate hosts. 

 Targeted snail control and environmental management strategies should be applied at 

district-specific, and addressing the ecological conditions that favor the proliferation of 

these species.  

 Complement coprological examinations with additional diagnostic methods, such as 

postmortem and immunological testing should be conducted to improve the accuracy of 

trematode detection. 

 Further investigation on the temporal variation of intermediate hosts should be 

implemented. 

 

 



39 

 

7. REFERENCES 

 

Abebe F, Mekuria L and Hailu B (1998): Malacology. In: Hailu B, Shibru T, Leykun J, eds. 

Schistosomiasis in Ethiopia and Eritria.2nd edn. Addis Ababa: AL Institute of Pathobiology, 

Addis Ababa University 114 - 122. 

Abebe N, Erko B, Medhin G, Berhe N (2014): Clinico-Epidemiological Study of 

Schistosomiasis Mansoni in Waja-Timuga, District of Alamata, northern Ethiopia. Parasite 

and vectors 7 (158). 

Adane, R. and Regasa, A., (2023). Prevalence of Bovine Schistosomiasis and its Associated Risk 

Factors in and around Gondar, Ethiopia. 

Adugna, W., Ayele, S. and Addis, M., (2023). Different proportions of dried Vernonia 

amygdalina leaves and wheat bran mixture supplementation on feed intake, digestibility and 

body weight change of Arsi–Bale sheep fed with natural pasture hay as basal diet. 

Veterinary medicine and science, 9(2), pp.957-966. 

Alebie, G., Erko, B., Aemero, M. and Petros, B., (2014). Epidemiological study on Schistosoma 

mansoni infection in Sanja area, Amhara region, Ethiopia. Parasites & vectors, 7, pp.1-10. 

Alim, M.A., Hossain, K.M.M., Yasin, M.G., Labony, S.S. and Mondal, M.M.H., (2021). 

Trematode infections in cattle and their vector snails in Rajshahi district in Bangladesh. 

Bangladesh Veterinarian, 38. 

Antonia M., Conceicao P., RuteDurao Isabel H., Costa Jose and Correia D., (2002). The Internet 

Journal of Veterinary Medicine. 2010 Volume 8. 

Aragaw, K. and Tilahun, H., (2019). Coprological study of trematode infections and associated 

host risk factors in cattle during the dry season in and around Bahir Dar, northwest Ethiopia. 

Veterinary and Animal Science, 7, p.100041. 

Ardo, M.B. and Aliyara, Y.A., (2014). Prevalence of Fasciolosis in small ruminants slaughtered 

at Yola Modern Abattoir, Adamawa state, Nigeria. Bayero Journal of Pure and Applied 

Sciences, 7(2), pp.13-16. 

Ayele, M. and Hiko, A., (2016). Review on the Biology of Fasciola parasites and the 

epidemiology on small ruminants. Adv Life Sci Technol, 48, pp.19-27. 



40 

 

Bayou, K. and Geda, T. (2018): Prevalence of bovine fasciolosis and its associated risk Factors 

in Haranfama municipal abattoir, Girja District, South-Eastern Ethiopia. SM Veterinary 

Medicine and Animal Science, 1, 1003. 

Bowman, D. and Georgi, R. (2008): Georgis' Parasitology for Veterinarians; 9th ed. W.B. 

Saunders Company: 124. 

Brown, D.S., (1994). Freshwater snails of Africa and their medical importance. CRC press. 

Bulbul, E., Liu, A., Pasini, T., Comparat, J., Hoang, D.N., Klein, M., Ghirardini, V., Salvato, M., 

Merloni, A., Seppi, R. and Wolf, J., (2022). The eROSITA Final Equatorial-Depth Survey 

(eFEDS)-Galaxy clusters and groups in disguise. Astronomy & Astrophysics, 661, p. A10. 

CDC, (2012): Division of Parasitic Diseases and Malaria. Available at: http://www.cdc.gov/ 

parasites/schistosomiasis/publications.html (Accessed on 07, January, 2024). 

Central Statistical Agency, (2020/21): “Agricultural sample survey on livestock and livestock 

characteristics (private peasant holdings, Statistical bulletin,” in Central Statistical Agency, 

A. Ababa, Ed., vol. 2p. 589. 

Chaoudhary, V., Hasnani, J.J., Khyalia, M.K., Pandey, S., Chauhan, V.D., Pandya, S.S. and 

Patel, P.V., (2015). Morphological and histological identification of Paramphistomum cervi 

(Trematoda: Paramiphistoma) in the rumen of infected sheep. Veterinary world, 8(1), p.125. 

Charles, MH., and Robinson, ED. (2004): Diagnostic parasitology for veterinary technician 3rd 

edition. Chaina: Elsevier: 112-211. 

Cheever, A. W., Hoffmann, K. F. and Wynn, T. A. (2000): Immunopathology of schistosomiasis 

mansoni in mice and men. Immunology Today, 21(9), 465-466. 

Che-Kamaruddin, N. and Isa, N.M.M., (2023). Assessment of Fasciola and Paramphistomes co-

infection in large ruminants through fecal egg counts around Taiping, Malaysia. 

Coutinho, H. M., Acosta, L. P., Wu, H. W., McGarvey, S. T., Su, L., Langdon, G. C. and Kurtis, 

J. D. (2007): Th2 cytokines are associated with persistent hepatic fibrosis in human 

Schistosoma japonicum infection. The Journal of infectious diseases, 195(2), 288-295. 

Dey, A.R., Begum, N., Anisuzzaman, Islam, M.T. and Alam, M.Z., (2022). A large‐scale 

epidemiological investigation on trematode infections in small ruminants in Bangladesh. 

Veterinary Medicine and Science, 8(3), pp.1219-1228. 

Dorchies, P., (2006). Flukes: old parasites but new emergence. In Proceedings of the XXIV 

World Buiatrics Congress. Nice, France. Consultada, 16: 1-2. 



41 

 

Dorny, P., Stoliaroff, V., Charlier, J., Meas, S., Sorn, S., Chea, B. and Vercruysse, J. (2011): 

Infections with gastrointestinal nematodes, Fasciola and Paramphistomum in cattle in 

Cambodia and their association with morbidity parameters. Veterinary parasitology, 175(3-

4), 293-299. 

Dube, A., Kalinda, C., Manyangadze, T., Mindu, T. and Chimbari, M.J., (2023). Effects of 

temperature on the life history traits of intermediate host snails of fascioliasis: A systematic 

review. PLOS Neglected Tropical Diseases, 17(12), p. e0011812. 

Dube, S. and Aisien, M. S. O. (2010): Descriptive studies on Paramphistomes of small domestic 

ruminants in Southern Nigeria. 

Duval R and Dewitt W (1967): An improved perfusion technique for recovering adult 

Schistosomes from laboratory animals. American Journal of Tropical Medicine and 

Hygiene 16:483-486. 

Elelu, N., Ambali, A., Coles, G.C. and Eisler, M.C., (2016). Cross-sectional study of Fasciola 

gigantica and other trematode infections of cattle in Edu Local Government Area, Kwara 

State, north-central Nigeria. Parasites & Vectors, 9, pp.1-11. 

Erko B, Balcha F and Kifle D. (2006): The ecology of Biomphalaria sudanica in Lake Ziway, 

Ethiopia. African Journal of Ecology 44:347-352. 

Fairweather, I. (2011): Reducing the Future Threat from Liver Fluke. Realistic Prospect or 

Quixotic Fantasy. Vet. Parasitol., Pp, 133-143. 

Fikru, R., Teshale, S., Reta, D. and Yosef, K. (2006). Epidemiology of gastrointestinal parasites 

of ruminants in Western Oromia, Ethiopia. International Journal of Applied Research 

Veterinary Medicine, 1:1-57. 

Food Safety Inspection Service (2013). Using dentition to age cattle. U.S. Department of 

Agriculture, Washington, D.C. 

Friedman, J. F., Mital, P., Kanzaria, H. K., Olds, G. R. and Kurtis, J. D. (2007): Schistosomiasis 

and pregnancy. Trends in parasitology, 23(4), 159-164. 

Genzebu, D., Hailemariam, M. and Belihu, K., (2012). Morphometric characteristics and 

livestock keeper perceptions of “Arado” cattle breed in Northern Tigray, Ethiopia. Livestock 

Research for Rural Development, 24(6). 

Gryseels B, Polman K, Clerinx J, and Kestens L (2006): Human schistosomiasis. Lancet 368: 

1106–1118. 



42 

 

Habtamu, A., and Woldemariam, S. (2011): Repeated Simple Sedimentation Technique and 

Prevalence of Bovine Schistosomiasis in Selected Sites of Bahir Dar Woredas. Ethiop. Vet. 

J., 15 (1): 4. 

Habtamu, A., Negash, T., Sirak, A., and Chanie, M. (2013): Pathology of Natural Infections of 

Schistosoma Bovis in Cattle in Ethiopia. Glob. Vet., 11(2): 243–247. 

Hajipour, N., Mirshekar, F., Hajibemani, A. and Ghorani, M., (2021). Prevalence and risk factors 

associated with amphistome parasites in cattle in Iran. Veterinary Medicine and Science, 

7(1), pp.105-111. 

Hotessa, A.S. and Kanko, D.K., (2020). Review on Paramphistomosis. Advances in Biological 

Research, 14(4), pp.184-192. 

Husen, S., Girma, S., Guye, J., Geleta, M., Habebie, T., Hussen, M. and Abdurrahman, M., 

(2017). Prevalence of Bovine Fasciolosis in Gechi District, Buno Bedelle Zone, South West 

Ethiopia. International Journal of Research studies in Bioscience, 5(12), pp.28-33. 

Jacobs, D., Fox, M., Gibbons, L. and Hermosilla, C. (2015): Principles of veterinary 

parasitology. John Wiley and Sons. 

Kaya, G. A. L. I. P., Atesoglu, E. O. and Akca, A. T. I. L. A. (2007): Fasciola hepatica egg 

induced granuloma in bovine liver: a case report. Medy cyna Wet, 63(2). 

Kebede Shanko, K.S. and Wakgari Olgira, W.O., (2016). The prevalence study of ovine 

fasciolosis in Jima Rare District, Horo Guduru Wollega Zone, Oromia Regional State, 

Western Ethiopia. 

Kebede, I.A., Beriso, T.E., Mengistu, T.S. and Gebremeskel, H.F., (2023). Study on Cattle 

Trematodiasis and Related Risk Factors in Damot Sore District, Wolaita Zone, Southern 

Ethiopia. Journal of Parasitology Research, 2023(1), p.6687665. 

Khadijah, S., Ariff, Z., Nurlaili, M.R., Sakiinah, A., Izzudin, A.H., Mursyidah, A.K., Rita, N. 

and Nur Aida, H., (2017). Fasciola and Paramphistomum infection in large ruminants. 

International Journal of Agronomy and Agricultural Research, 10(6), pp.19-26.]. 

Kifle, T., Bayile, T., Fesseha, H. and Mathewos, M., (2022). Prevalence of bovine 

schistosomiasis and associated risk factors in Tis Abay District, Northwest Ethiopia. 

Veterinary Medicine International, 2022(1), p.8940576. 



43 

 

Kifleyohannes, T., Kebede, E., Hagos, Y., Weldu, K. and Michael, M. G. (2015): Prevalence of    

Paramphistomosis in ruminants in Ashenge, Tigray Ethiopia. Act as Parasitological 

Globalis, 6(2), 83-86. 

Kouadio, J.N., Giovanoli Evack, J., Achi, L.Y., Fritsche, D., Ouattara, M., Silué, K.D., Bonfoh, 

B., Hattendorf, J., Utzinger, J., Zinsstag, J. and Balmer, O., (2020). Prevalence and 

distribution of livestock schistosomiasis and fascioliasis in Côte d’Ivoire: results from a 

cross-sectional survey. BMC veterinary research, 16, pp.1-13. 

Krauth, S. J., Musard, C., Traoré, S. I., Zinsstag, J., Achi, L. Y., N’Goran, E. K. and Utzinger, J. 

(2015): Access to, and use of, water by populations living in a schistosomiasis and 

fascioliasis coendemic area of northern Côte d’Ivoire. Acta tropica, 149, 179-185. 

Kruchynenko, O.V., Mykhailiutenko, S.M., Petrenko, M.A. and Kuzmenko, L.M., (2021). 

Prevalence of gastrointestinal helminths in ruminants in Ukraine: A 5-year meta-analysis. 

Bio systems Diversity, 29(3), pp.251-257. 

Lindbergh, R., Johansen, M., Nitsson, C., and Nansen, P. (2006): An immuno histological Study 

of Phenotypic Characteristics of Cells of the Inflammatory Response in the Intestine of 

Schistosoma Bovis Infected Goats. Parasitol., 118(1):91-99. 

Lotfy, W. M., Brant, S. V., Ashmawy, K. I., Devkota, R., Mkoji, G. M. and Loker, E. S. (2010): 

A molecular approach for identification of Paramphistomes from Africa and Asia. 

Veterinary Parasitology, 174(3-4), 234-240. 

Majekodunmi, A.O., Fajinmi, A., Dongkum, C., Shaw, A.P. and Welburn, S.C., (2014). Pastoral 

livelihoods of the Fulani on the Jos Plateau of Nigeria. Pastoralism, 4:1-16. 

Mandahl-Barth, G., (1962). Key to the identification of East and Central African freshwater 

snails of medical and veterinary importance. Bulletin of the World Health Organization, 

27(1):135. 

Mas‐Coma, S., Valero, M. A. and Bargues, M. D. (2009): Fasciola, lymnaeids and human 

fascioliasis, with a global overview on disease transmission, epidemiology, evolutionary 

genetics, molecular epidemiology and control. Advances in parasitology, 69, 41-146. 

Materu, G.S., Nzalawahe, J., Sengupta, M.E., Stensgaard, A.S., Katakweba, A., Vennervald, B.J. 

and Kinung’hi, S., (2024). Prevalence, Distribution and Risk Factors for Trematode 

Infections in Domesticated Ruminants in the Lake Victoria and Southern Highland 

Ecological Zones of Tanzania: A Cross-Sectional Study. Veterinary Sciences, 11(12):595. 



44 

 

Megersa, B., Hussein, B., Shemsu, J., Kassahun, R., Merera, O., Moje, N., Edao, B.M., Waktole, 

H., Ashenafi, H. and Ayana, D., (2024). Trematode infection in ruminants and diversity of 

snail hosts across three agro-ecological zones in Ethiopia. BMC Veterinary Research, 

20(1):197. 

Mengistu M, Shimelis T, Torben W, Terefe A, Kassa T and Hailu A (2011): Human intestinal 

schistosomiasis in communities living near three rivers of Jimma town, south Western 

Ethiopia. Ethiopian Journal of Health Science 21: 3-7. 

Merawe, M., Amssalu, Y.K. and Afera, B., (2014). Intestinal schistosomiasis of bovine and 

ovine in Fogera district, South Gonder zone, Amhara national regional state, Ethiopia. 

Young, 94(9):9-57. 

Merck. S, and Dhome. C. (2010): Topic on blood parasite: The Merck veterinary manual. 7th 

edition. USA. White house station: 76-78. 

Mereta, S.T., Bedewi, J., Yewhalaw, D., Mandefro, B., Abdie, Y., Tegegne, D., Birke, W., 

Mulat, W.L. and Kloos, H., (2019). Environmental determinants of distribution of 

freshwater snails and trematode infection in the Omo Gibe River Basin, southwest Ethiopia. 

Infectious diseases of poverty, 8, pp.1-10. 

Molla, G., Tintagu, T., Yasin, A., Alemu, B., Assen, A.A. and Tadesse, K., (2022). Bovine 

schistosomiasis in some selected areas of South wollo and Oromia zones of Amhara region, 

north-east Ethiopia. Plos one, 17(6), p.0259787. 

Mushtaq, S. (2011): An Epidemiological Study of Bovine Fasciolosis in Potohar region, 

Pakistan. 

Namutosi, W., Higenyi, J., Kizito, E. and Omodo, M., (2019). Prevalence and risk factors of 

gastrointestinal parasite infection in Goats in Sironko District, Eastern Uganda. Uganda 

Journal of Agricultural Sciences, 19(1), pp.1-14. 

Okpala H, Agwu E, Agba M, Chimezie O, Nwobu G and Ohihoin A (2004): A survey of the 

prevalence of schistosomiasis among pupils in Apata and Laranto areas in Jos, Plateau state. 

The Online Journal of Health and Allied Sciences 1:1. 

Oliveira, G., Rodrigues, N. B., Romanha, A. J. and Bahia, D. (2004): Genome and genomics of 

Schistosoma. Canadian Journal of Zoology, 82(2), 375-390. 



45 

 

Pokharel, S. and Sharma, S., (2023). Study of Prevalence of Paramphistomum cervi in domestic 

ruminants of Pokhara Lekhnath Metropolitan City, Kaski. Nepalese Veterinary Journal, 

pp.194-205. 

PrussUstun, A., Kay, D., Fewtrell, L., and Bartram, J. (2004): Unsafe Water Sanitation and 

Hygiene. Comparative Quantification of Health Risks. Geneva, World Health Organization. 

Pp, 2. 

Radek, R. (2001): Encyclopedic Reference of Parasitology. European Journal of Protozoology, 

37(3), 272. 

Radostits, O. M., Gay, C. C., Hinchcliff, K. W. and Constable, P. D. (2007): Veterinary 

Medicine: A Textbook of the Diseases of Cattle, Horses, Sheep, Pigs and Goats. 10th. 

London, UK.  

Rolfe, F., Boray, C., and Collins, H. (1994): Pathology of Infection with Paramphistomum 

Ichkawai in Sheep, Int. J. Parasitol., 24: 995-1004. 

Rolfe, P., Boray, J., Nichols, P., and Collins, G. (1991): Epidemiology of Paramphistomosis in 

Cattle. Aust. Pet. J., 21: 813-819. 

Salew, D. and Munshea, A., (2018). Identification and distribution of intermediate host snails in 

Mecha woredas, Amhara, North West of Ethiopia. Biodiversity Int J, 2(5), pp.441-5. 

SETADo (Southeastern Tigray Agriculture Development office) (2023). Annual Report, Tigray, 

Ethiopia. 

Shibru, T., Getachew, T., and Hailu, B. (1989): Schistosoma Bovis Infection in Bahir dar Area 

and North Central Ethiopia. DVM Thesis, Faculty of Veterinary Medicine, Addis Ababa 

University. Pp, 18-26. 

Shimizu and Robyn Y., (2007). Parasitology in American Medical Association, 2006.Current 

Procedural Terminology (CPT). AMA Press, Chicago. 

Sisay, A. and Nibret, E., (2013). Prevalence and risk factors of bovine and ovine fasciolosis, and 

evaluation of direct sedimentation sensitivity method at Bahir-Dar Municipal Abattoir, 

Northern Ethiopia. Ethiopian Veterinary Journal, 17(2), pp.1-17. 

Soulsby, E. (1982): Helminthes, Arthropods and Protozoa of Domesticated Animals. London. 

Bailliere Tindal. Pp, 136-160. 



46 

 

Sri-aroon P, Butraporn P, Limsomboon J, Kerdpuech Y, Kaewpoolsri M, Kiatsiri S (2005): 

Freshwater mollusks of medical importance in Kalasin Province, Northeast Thailand. The 

Southeast Asian Journal of Tropical Medicine and Public Health 36: 653-7. 

STADo (South Tigray Agriculture Development office) (2023). Annual Report, Tigray, Ethiopia. 

Strong, E.E., Gargominy, O., Ponder, W.F. and Bouchet, P., (2008). Global diversity of 

gastropods (Gastropoda; Mollusca) in freshwater. Freshwater animal diversity assessment, 

pp.149-166. 

Sturrock R (2001): The schistosomes and their intermediate hosts. In: Schistosomiasis, pp.7-83, 

(Mahmoud A, ed). Imperial College Press, London. 

Sures, B. (2004): Environmental parasitology: relevancy of parasites in monitoring 

environmental pollution. Trends in parasitology, 20(4), 170-177. 

Tadesse, A. and Gebremariam, T., (2010). Application of linear body measurements for live 

body weight estimation of highland sheep in Tigray region, North-Ethiopia. Journal of the 

Drylands, 3(2), pp.203-207. 

Takaki, K.K., Roca, F.J., Schramm, G., Wilbers, R.H., Ittiprasert, W., Brindley, P.J., Rinaldi, G., 

Berriman, M., Ramakrishnan, L. and Pagán, A.J., (2021). Tumor Necrosis Factor and 

Schistosoma mansoni egg antigen omega-1 shape distinct aspects of the early egg-induced 

granulomatous response. PLoS Neglected Tropical Diseases, 15(1), p.e0008814. 

Taylor, M. O., Coop, R. L. and Wall, R. L. (2007): Veterinary parasitology 3rd ed. Terefe, D., 

Wondimu, A. and Gachen, D. F. (2012): Prevalence, gross pathological lesions and 

economic losses of bovine fasciolosis at Jimma Municipal Abattoir, Ethiopia. Journal of 

Veterinary Medicine and Animal Health, 4(1), 6-11. 

Thétiot-Laurent, S. A., Boissier, J., Robert, A. and Meunier, B. (2013): Schistosomiasis 

chemotherapy. Angewandte Chemie (International ed. in English), 52(31), 7936– 7956. 

https://doi.org/10.1002/ anie.201208390 

Thrusfield M. (2010): Veterinary epidemiology. 2nd ed. Oxford: Blackwell Publishing Science. 

117-98. 

Tolosa, T., and Tigre, W. (2007): The Prevalence and Economic Significance of Bovine 

Fasciolosis at Jimma Abattoir, Ethiopia. Int. J. Vet. Med., 3(2): 2. 

Toolan, D. P., Mitchell, G., Searle, K., Sheehan, M., Skuce, P. J. and Zadoks, R. N. (2015): 

Bovine and ovine rumen fluke in Ireland—Prevalence, risk factors and species identity 

https://doi.org/10.1002/%20anie.201208390


47 

 

based on passive veterinary surveillance and abattoir findings. Veterinary parasitology, 

212(3-4), 168-174. 

Tsega, M. and Derso, S., (2015). Prevalence of bovine schistosomiasis and its associated risk 

factor in and around Debre Tabor town, northwest of Ethiopia. Europ J Biol Sci, 7:108-113. 

Tsotetsi, A. M., Njiro, S., Katsande, T. C., Moyo, G. and Mpofu, J. (2013): Prevalence of 

gastrointestinal helminths and anthelmintic resistance on small-scale farms in Gauteng 

Province, South Africa. Tropical animal health and production, 45(3), 751-761. 

Tumusiime, M., Manishimwe, J.C. and Ntampaka, P., (2023). Prevalence of Bovine 

Trematodiasis and Associated Risk Factors in Nyagatare District, Rwanda. Veterinary 

Medicine: Research and Reports, pp.221-231. 

Upatham E, Sornmani S, Kitikoon V, Lohachit C, Bruch J (1983): Identification key for fresh-

brackish water snails of Thailand. Malacological Review 16: 107-32. 

Urquhart, Gm., Armour, J., Duncan, J., Dunn, A. and Jennings Fw. (2003): "Veterinary 

parasitology 2nd ed. Black well science Ltd.": 252. 

Van Wyk, J.A. and Mayhew, E., (2013). Morphological identification of parasitic nematode 

infective larvae of small ruminants and cattle: A practical lab guide. Onderstepoort Journal 

of Veterinary Research, 80(1), pp.1-14. 

Walz, Y., Wegmann, M., Dech, S., Raso, G. and Utzinger, J. (2015): Risk profiling of 

schistosomiasis using remote sensing: approaches, challenges and outlook. Parasites and 

vectors, 8(1), 1-16.  

Williams, D. (2012): The ecology of temporary waters. Springer Science and Business Media. 

Woldegerima, E., Bayh, A.G., Tegegne, Y., Aemero, M. and Jejaw Zeleke, A., (2019). 

Prevalence and reinfection rates of Schistosoma mansoni and praziquantel efficacy against 

the parasite among primary school children in Sanja Town, Northwest Ethiopia. Journal of 

parasitology research, 2019. 

Wolstenholme, A. J., Fair weather, I., Prichard, R., von Samson-Himmelstjerna, G. and Sangster, 

N. C. (2004): Drug resistance in veterinary helminths. Trends in parasitology, 20(10), 469-

476. 

Wondmnew, K., Temesgen, W., Hussien, M. and Arega, Y., (2019). Study on prevalence of 

ovine paramphistomiasis in Kutaber woreda, South Wollo, Amhara region, Ethiopia. J 

Biosci Biotechnol Discv, 4(4), pp.84-87. 



48 

 

Wudeneh, A., (2018). A study on prevalence of bovine schistosomiasis in Fogera woreda, north 

western of Ethiopia. Pathology, 14, p.16. 

Yasin, M.G., Alim, M.A., Ahasan, S.A., Munsi, M.N., Chowdhury, E.H., Hatta, T., Tsuji, N. and 

Mondal, M.M.H., (2018). Trematode infections in farm animals and their vector snails in 

Saint Martin’s Island, the southeastern offshore area of Bangladesh in the Bay of Bengal. 

Journal of Veterinary Medical Science, 80(4), pp.684-688. 

Yirsaw Kerie, Y.K. and Zewdu Seyoum, Z.S., (2016). Bovine and ovine schistosomiasis: 

prevalence and associated host factors in selected sites of South Achefer district northwest 

Ethiopia. 

Zhongming, Z., Linong, L., Xiaona, Y., Wangqiang, Z. and Wei, L. (2013): WMO Workshop on 

Climate Monitoring including the Implementation of a Climate Watch System in RA I with 

focus on eastern and southern Africa. 

 



49 

 

8. ANNEXES 

 

Annex I: Data Collection Sheet for Individual Samples from the research area. 
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Annex II: Sources of infection sites of the study areas 
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Annex III: distribution of snails 
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Annex IV: Samples submitted to the laboratory 
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Annex V: Results of the coprological study 
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