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EXECUTIVE SUMMARY:  
 
Liver infections by the fluke, Fasciola hepatica, are a significant threat to domestic ruminants 
worldwide. Oregon, with its wet climate and relatively mild winters is particularly hospitable to the 
organisms involved in the life cycle of F. hepatica and transmission of flukes has been observed 
in cattle virtually year-round. Liver flukes such as F. hepatica have a very complex life cycle 
involving multiple hosts, including an aquatic invertebrate as an intermediate host. In terms of 
agricultural importance, animals feeding near water are most at risk as this is where the infective 
stage, the metacercariae, encysts on aquatic plants. Animals, including humans, who ingest these 
cysts become infected with the parasite which excysts and juvenile flukes migrate through the 
intestinal wall and travel to the liver and finally the biliary ducts. Here they develop into adult flukes 
and begin shedding eggs. It is at this stage that detection of F. hepatica infection is possible as 
diagnosis currently depends on the observation of fluke eggs in the feces of infected animals.  
 
The disease caused by F. hepatica occurs in two phases: the acute and chronic phase. The acute 
phase occurs once the larval stage is ingested and the juvenile fluke excysts and begins migrating 
through the wall of the duodenum, into the peritoneal cavity, and through the liver parenchyma. 
Signs of acute fascioliasis are similar to those of many other common parasitic worms that infect 
ruminants and can include abdominal pain, diarrhea, anaemia, elevated liver enzymes, and ill 
thrift. After approximately 7 to 8 weeks post infection, juvenile flukes establish themselves in the 
bile ducts of the animal and mature into adults, feeding on blood and tissue of the host. At this 
point, the flukes begin shedding eggs intermittently in the feces. The damage caused by the adult 
fluke feeding in the bile ducts can result in enlargement of the gall bladder, continued anaemia, 
hardening of the liver due to chronic inflammation, secondary bacterial infections, and overall 
immune suppression. 
 
The primary method of ante mortem diagnosis of F. hepatic is currently through the observation 
of eggs in feces.  However, it is important to note that at the stage when flukes are adults and 
shedding eggs, they have been present in the host for several weeks to months, often causing 
serious liver damage. Furthermore, treating after animals have already begun to shed eggs into 
the environment does not halt the life cycle of the parasite, leading to pastures that continue to 
harbor F. hepatica. 
 
Unfortunately, the detection of eggs in feces is of limited value in terms of mitigating disease 
caused by liver flukes.  Eggs are shed intermittently and the sedimentation of eggs is limited by 
low sensitivity as negative results from infected animals are frequent. As a result of this low 
sensitivity, the true prevalence of F. hepatica infection in Oregon ruminants is likely greatly 



underestimated. Most cases are observed during inspection of livers from slaughtered cattle or 
during necropsy on submitted animals. 
 
Previous studies have shown that various F. hepatica specific antigens are detectable in sera 
from several species beginning around 2 weeks post-infection. This type of assay will detect the 
juvenile fluke stages of the parasite as they migrate through the liver, well before eggs would be 
detectable in feces. The ability to detect the parasite at this stage would give veterinarians and 
herd managers far greater ability to control liver flukes in their herds. Also, it could be used to 
assess drugs to treat the immature stage of the parasite, possibly leading to better treatment of 
acute infections in sheep, goats and llamas.  In addition, by detecting parasite proteins in the 
blood rather than specific host antibodies, this approach would provide a uniform testing platform 
for multiple animal species.  
 
OBJECTIVES: 
 
The overall objective of this study was to develop an accurate and sensitive sandwich-type 
enzyme linked immunosorbent assay (ELISA) for the early detection of Fasciola hepatica antigens 
in the serum and feces of agriculturally important ruminants in Oregon.  
 

1. Greatly improve the diagnosis of F. hepatica allowing for more targeted treatment of 
infected animals and better-informed herd management. 
 

2. Potentially reducing the overall prevalence of F. hepatica in Oregon by disrupting the life 
cycle of the parasite.  
 

3. Provide an important tool with commercial potential to livestock and wildlife veterinarians. 
 
PROCEDURES:  
 
Production of monoclonal antibodies (mAbs) 
Parasite compounds released during infection, known as excretory/secretory (E/S) products will 
be examined from previous proteomic studies of F. hepatica infection and one with a high 
antigenic potential will be selected. This amino acid sequence will be synthesized and the 
resulting peptide used to immunize mice with a mixture of adjuvant. Following the third 
immunization, mice will be euthanized, spleens removed and hybridomas made in vitro. This 
method of producing monoclonal antibodies, as opposed to using polyclonal sera, provides a 
virtually infinite supply of reagent and minimizes the number of animals required to make it.  
 
Development of sandwich ELISA 
Monoclonal antibodies will be evaluated for reactivity to their respective F. hepatica antigens by 
testing against diluted purified antigen and for specificity by testing against unrelated proteins. 
Those showing a high signal to noise ratio and specificity will be tested for reactivity against 
lysates of F. hepatica diluted in serum to ensure recognition of the native form of the peptide. 
These tests will be performed using a direct ELISA assay.  The mAbs showing the highest 
reactivity and specificity will be used to develop the sandwich ELISA: one mAb will be used to 
coat the wells of an ELISA plate (the capture antibody), and the other will be conjugated to a 
horseradish peroxidase enzyme (the detection antibody). The sensitivity of this assay will be 



determined by diluting known quantities of antigen diluted in serum pooled from known negative 
animals.  
 
Validation of sandwich ELISA assay 
We will work with the OSU OVDL and area veterinarians to identify herds with known positive F. 
hepatica status and collect serum and stools from these animals to test by sandwich ELISA and 
fecal sedimentation in parallel. When liver is available for necropsy, the sandwich ELISA will be 
compared to the post-mortem diagnosis. In addition, we will work with the cattle technical services 
veterinarian at Zoetis to obtain serum from infected cattle. 
 
SIGNIFICANT ACCOMPLISHMENTS TO DATE:  
 
We have designed an artificial peptide that induced a specific immune response in mice and 
optimized an ELISA based assay to screen sera for the presence of antibodies specific to the 
peptide. After extensive review of the literature, the peptide was designed based on an enzyme 
that is secreted by the newly excysted F. hepatica juveniles to degrade host proteins, allowing 
them to passage through the gut and liver tissues. This enzyme, called cathepsin L1, has been 
shown to be immunogenic in other mammals so is a good candidate for producing the immune 
response in mice needed for the production of monoclonal antibodies. The peptide, designated 
FhCath1, is 51 amino acids in length, is soluble in standard phosphate buffered saline (important 
for vaccination) and has two distinct sites (epitopes) that are likely to be recognized by antibodies 
as analyzed by epitope prediction software (Fig. 1). The peptide was ordered and synthesized by 
BioSynthesis.  
 

 
Figure 1. Epitope prediction of the 51-mer peptide, FhCath1. The Bepipred 2.0 web interface 
(http://www.cbs.dtu.dk/services/BepiPred/) was used to predict epitope regions (marked as E). Two distinct 
regions were predicted based on a random forest prediction model trained using crystal structure data.  
  
Initially, one pair of mice was vaccinated using the synthetic peptide with adjuvant. An indirect 
ELISA was developed and optimized using the synthetic peptide and a commercially available 
anti-mouse IgG antibody conjugated to a horseradish peroxidase enzyme. Serum was screened 
and a high antibody titer was demonstrated by ELISA after the fourth round of vaccinations.  
Hybridomas were made and screened for the production of antibodies specific to the synthetic 
peptide using the same ELISA. No reactive hybridomas were identified so an additional three 
pairs of mice were vaccinated and a total of eight additional fusions were performed. All mice 
demonstrated a specific immune response after the vaccination protocol. However, none of the 
fusions produced reactive hybridomas. We are continuing to optimize fusion protocols and are 
exploring the production of polyclonal sera to provide antibodies for development of the sandwich-
ELISA. 

http://www.cbs.dtu.dk/services/BepiPred/


In addition, we identified a local cattle farm with a high prevalence of Fasciola hepatica 
(approximately 30%). Samples of snails were collected and identified as Radix auricularia 
(Gastropoda: Pulmonata): a non-native lymnaeid snail species. Lymnaeid snails are recognized 
as intermediate hosts for F. hepatica and many members are common in Oregon. However, R. 
auricularia is a non-native, invasive snail species in the United States, thought to have been 
introduced through the importation of aquatic plants. Native to Europe and parts of Asia, R. 
auricularia is known to be an important intermediate host for F. hepatica but it has never been 
identified as such in the United States. We screened 330 R. auricularia snails from a water source 
available to the cattle between May and August for the presence of F. hepatica and continue to 
work with the owner to identify the source of the infection and develop new tools for the detection 
of liver flukes. 
 
ADDITIONAL FUNDING RECEIVED DURING PROJECT TERM: 
 
A $3000 grant was received through the Carlson College of Veterinary Medicine to fund a summer 
student research project to identify the source of Fasciola hepatica at a local ranch.   
 
FUTURE FUNDING POSSIBILITIES:  
I am exploring funding opportunities through the USDA-NIFA Agriculture and Food Research 
Initiative.   

 

 


